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100 years ago 





WE take the following from the Academy :—‘‘ Some of the 
American papers state that Prof. Huxley is likely to be the suc- 
cessor of Prof. Agassiz, at Harvard. We hope there is no truth 
inthis. Are the English Universities so rich in really emineat 
professors, and so poor in money, that they can or must allow 
Prof. Huxley to go to America in order to find leisure for work? 
It would require nothing but the will for either Oxford or Cam- 
bridge to offer Huxley two or three thousand a year, without 
anybody suffering for it. There are hundreds of non-resident 
Fellows, doing no good to the University, doing harm to them- 
selves in resting on their oars, when they ought to be pulling 
with all their might. Why not give five or ten such Fellowships 
to men like Huxley, and make the Universities again what they 
were in the middle ages, the very centres of intellectual force 
and light in the country? The Universities are so rich that they 
could beggar the whole world. Will they allow themselves to 
be beggared by Harvard?” 
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From Nature, 10, 195, July 9, 1874. 








at 





Volume 250 July 5, 1974 


How Britain spends its research and 
development money 
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Advisory Board for the Research Councils, First Report, Appendix V, Table 1, 


June 1974. 


Memorandum by the Chief Secretary to the Treasury, 1974/75. 


Adjustments have been made to ‘de-Rothschild’ research 
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council expenditures for the past two years. 
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Chilean scientists remaining in the country are labouring under 


-= very difficult circumstances which are mainly economic. 
Funds for research are very limited, and it is very difficult for 
these people to carry out experiments using modern techniques. 


From Carlos Eyzaguirre, Chairman of 
the Department of Physiology, Uni- 
versity of Utah College of Medicine, 
Salt Lake City, and Visiting Pro- 
fessor, Department of Neurobiology, 
Catholic University of Chile, Santiago. 


co I READ with interest a letter (Nature, 


March 29) signed by H. M. Gersch- 
enfeld and others, regarding the situa- 
tion of the academic community in 
Chile. It is intriguing and provoking 
since it shows a rather desperate situa- 
tion: instances of police brutality, 
wholesale dismissals of faculty and 
students and a total disregard for aca- 
demic freedoms and human rights on 
the part of the military government. 
The letter is inaccurate and the charges 
very serious. Thus, a reply is in order. 

i started my academic career in 
Chile and went permanently to the 
United States about 17 years ago. Since 
then, I have returned to Chile many 
times for academic purposes and have 
continuously maintained close contacts 
with Chilean academics. At present 
I am a Visiting Professor of Neuro- 
biology at the Catholic University and 
have been in the country since April. 
Thus, I feel better qualified to judge 
the present situation than the gentle- 
men signing the letter to Nature. 

Dr Allende’s Government started 
with high hopes for the underprivileged 
who are numerous in this country. 
Unfortunately, slowly and steadily 
things deteriorated to the point of 
chaos and anarchy. The universities 
were not immune to this decaying pro- 
cess: funds were drastically cut to the 
point where research came to a stand- 
still. CONICYT (equivalent tọ the 
' National Research Council), which ac- 
tively supported research during the 
previous Frej administration, became 
a planning agency which developed a 
number of programmes more often 
than not politically motivated. The 
Academy of Sciences of the Instituto 
de Chile was left practically without 
funds. There was total lack of student 
discipline to the point where it was 
extremely difficult to conduct normal 
academic activities. In addition, there 
were frequent armed confrontations 
on the streets, incredible government 
corruption and, near theeend, people 
had to queue for hours to get a few 


essentials such as bread, soap, fuel, 
cigarettes. In the middle of this lovely 
picture the military struck with vigour 
on September 11, 1973. Interestingly 
enough they were shot at by supposedly 
defenceless civilians. In the melee many 
people were killed (including soldiers 
and policemen) and mopping up opera- 
tions continued for a while. In context, 
the military operation in Chile was not 
a palace coup but a civil war which, 
fortunately, lasted only a few days. 
Casualties were many, but they could 
have been much more numerous if 
the military had been less decisive. 

No one denies that there have been 
mistakes, cases of police harshness and 
unfair firing of people from their jobs. 
Some of these unpleasant practices 
have, however, been corrected; the 
country is again at work with the con- 
sequent increase in productivity, there 
is more discipline and normal activities 
have resumed. The people have co- 
operated, not necessarily because of 
fear, but the coup had the acceptance 
of the majority of the people. In a 
country like this. with a profound 
democratic tradition, nobody can 
govern without popular acquiescence. 
The democratic process has not been 
restored yet. Congress and the political 
parties are in recess and the press is 
still quite cautious. There is, however, 
hope for the future and the military 
have promised full democracy as soon 
as possible, whenever that may be. 
Many people believe that these are not 
vacuous statements since the military 
in Chile have been and are civic 
minded. Proof of this is that they have 
supervised all elections since 1938, 
when under President Pedro Aguirre 
(head of a Popular Front coalition) 
they got that authority. This practice 
continued under Dr Allende and there 
is consensus that elections in Chile 
have been generally fair. 

Why did the military strike? They 
did so to restore the country to a more 
normal way of life, to eliminate the 
unconstitutional excesses of the previ- 
ous government and the political, moral 
and economic chaos present in Chile 
at that time. 

It was not an easy task, from a 
public relations point of view, since 
Dr Allende enjoyed great popularity 
in foreign countries. He was pictured 
as a democrat trying to reach socialism 
by peaceful and constitutional means, 


a David fighting the United States Goli- 
ath and opening new ways of govern- 
ment to improve the lot of the poor: 
in short, Sir Galahad under a poncho. 
Most of his countrymen saw him in a 
different light: a scheming, corrupt 
and manouvering politician trying to 
outflank the wishes of Congress and of 
the Courts and bribe the Armed Forces, 
and very incompetent in the business 
of running the country. Moreover, they 
resented the fact that Dr Castro and 
the Soviet Union had too much to 
say about national affairs. Some of 
these complaints were unfair since 
there was political and economic pres- 
sure from the United States and he 
had to turn somewhere for help. The 
fact remains, however, that he could 
not manage the affairs of the nation 
and Chile would have faced certain 
economic, moral and political ruin had 
he remained in power. 

Soon after the military coup, the 
heads (rectors) of the different uni- 
versities were fired by the government. 
They were replaced by retired senior 
armed forces officers. Also, an army 
general was made head of CONICYT. 
These appointments seem, on the sur- 
face, to go against traditional univer- 
sity procedures, at least in Chile where 
most university presidents have been 
academicians. In other countries such 
as the United States, university presi- 
dents vary from academic to scientific 
administrators (such as Dr Fletcher 
at the University of Utah and now 
head of NASA) or retired politicians 
or generals (Hisenhower at Columbia). 
Thus, the appointments of Admiral 
Swett as Rector of the Catholic Un)- 
versity or General Ruiz at the Uni- 
versity of Chile would not be too far 
from practices that are not unknown 
in the United States. The difference 
is that both Admiral Swett and General 
Ruiz were appointed very soon after 
the military takeover in Chile. Inter- 
estingly enough, Admiral Swett’s 
appointment was confirmed by Card- 
inal Silva, head of the Catholic Church 
and Chancellor of the Catholic Uni- 
versity. 

The new university rectors faced 
several problems: (1) an unruly stu- 
dent body heavily loaded with Marxi 
activists. Some of them were not stus 
dents in the traditional sense of being. 
properly registered, attending classes, , 
taking examinations and so on; (2) a 
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peculiar faculty, some members being 
almost exclusively interested in the 
propagation of Marxism and organis- 
ing revolutionary and guerrilla activi- 
ties. Some did not even have a BA 
degree. This situation became intol- 
erable for some faculty members who 
left the country and sought employ- 


ment abroad; (3) chaotic finances 
which prevented normal university 


activities and the payment of adequate 
personnel salaries. One wonders if any 
university in a civilised country would 
have tolerated that situation for long. 
~The rectors had to act and they did 
the following: (1) students at some 
universities had to re-register. Students 
who did not qualify as such in the 
traditional sense (taking a certain num- 
ber of courses for credit, passing quali- 
fying examinations and so on were 
dismissed. This weeded out the purely 
political ‘students’, but is this so 
terribly unfair? At the Catholic Uni- 
versity, however, all of 11,500 students 
remained and no one was required 
to re-register. (2) The faculty went 
through the same screening procedure. 
Those, who did not qualify for lack 
of degrees or for being exclusively 
political activists were dismissed. This 
procedure would have been applied 
in any university under normal cir- 
cumstances. Left-leaning faculty mem- 
bers who carried out their duties of 
teaching and research during Allende’s 
government were not asked to resign. 
Many of them are still in Chile. Some 
have left because of their inability to 
come to terms with the present gov- 
ernment. This is their prerogative and 
their exit from the country has not 
been impeded. ° 
Wholesale executions of faculty or 
scientists because of political views 
have not occurred. Very few fell either 
immediately after or during the coup 
because, allegedly, they were caught 
either shooting at soldiers, carrying 
arms or actively participating in the 
organisation of revolutionary activities. 
‘For the the past several months, how- 
ever, there has been no indication 
that such a thing has occurred again. 
Some academicians, deeply involved in 
extremist activities were detained for 
“investigation. Most of them have been 
_freed and many have returned to jobs 
in the same or different universities. 
: Others have either not returned to the 
- country or have sought asylum. There 
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are charges against some of these 
people and if they return they will 
face legal prosecution. But prosecution 
is one thing and persecution another. 
Some academicians have had trouble 
with the police because of denuncia- 
tions by neighbours or colleagues. 
These people have been investigated 
and, if cleared, they have been em- 
ployed again in the same or similar 
jobs. i 

The question is then, what constitutes 
an offence leading to academic dis- 
missal that would prevent further aca- 
demic employment? f am not privy 
to the deliberations of the rectors, 
but it is my opinion that such an 
offence would be a deliberate effort 
on the part of an individual to topple 
the present government by either 
propaganda or more violent means. In 
other countries these activities are not 
looked on with favour by the govern- 
ments involved. Thus, it is asking 
rather too much of the present Chilean 
government to tolerate these activities, 
particularly since the military came to 
power only a short time ago and after 
a rather messy civil war. This deals 
directly with a statement in the letter 
to Nature regarding the Catholic Uni- 
versity, The statement is inaccurate. 
Only 3.25% of faculty members were 
removed after the coup because they 
did not do teaching and research but 
engaged exclusively in different forms 
of political activity. To assume that 
the rest (96.75%) were all right-wing, 
God-fearing, church-going and thor- 
oughly nice fellows would be naive 
in the extreme. In fact, many of them 
have views that would not please the 
present government. But Admiral 
Swett has been a careful, intelligent 
and conscientious administrator who 








has strived very hard to maintain and 
improve the present academic struc- 
ture. He has the confidence and rese- 
pect of both faculty and students. 
With regard to the. Chilean scientists 
remaining in the country the following. 
must be said. These people are labour- 
ing under very difficult circumstances 
which are mainly economic. They have 
very low salaries (which are- in line 


with those of others), mainly because 


of the difficult economic conditions. of 
the country caused by the previous 


government; recovery is still very ime = 


complete. For the same reason, funds © 
for research are very limited, and it. 
is very difficult for these people to 
carry out experiments using modern 
techniques. Furthermore, subscriptions 
to journals in libraries are running far 
ehind, also for lack of funds, which 
makes the situation doubly difficult. 
Nevertheless, Chilean scientists are 
trving very hard to maintain a research 
establishment that is in bad shape al- 
though it was flourishing four or five 
years ago. But there is hope. CONICYT 
is operating again, fulfilling the pur- 
pose for which it was originally created 
during the Frei administration. Also, 
the government has rescued the 
Academy of Sciences from financial 
disaster. More important is the fact 
that government authorities are listen- 
ing and are sympathetic to the plight 
of the local scientists in terms of im- 
proving salaries and making available 
more funds for research and so on. 
Inaccurate letters of the type pub- 


lished in Nature, although well mean- =. 


ing, do not help those still in Chile. 
They create a distorted image of the 
country that may prevent foreign help 
which is badly needed in keeping what 
is left after the debacle of the past 
three years. Scientists who remain in 
Chile are not fascists but people sin- 
cerely devoted in pursuing their aca- 
demic careers and training future re- 
searchers. In fact, some have received 
tempting offers from abroad and have 
refused to leave the country. They 
are far more courageous than those 
who left to practice ‘gauchisme de 
salon’. The latter and their supporters 
should be more accurate in their state- 


ments, as one would expect from 
scientists, since these shot-gun av- 


proaches only hinder the struggle of 
dedicated seientists working 
in a difficult environment. @ 
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international news 





THe Central Policy Review Staff 
(CPRS), the Think Tank, surfaced this 
week to publish a report on Energy 
Conservation (HMSO, £1). It has al- 
ready been estimated that Britain 
should eventually be able to save up 
to 10% of its forecast energy con- 
sumption and the report details how 
this may be most usefully achieved. 
With its eyes firmly on the possible, it 
eschews long term  once-and-for-all 
solutions such as nuclear fusion and 
the efficient use of solar energy, and 
concentrates on the small scale short 
to medium term answers. The electric 
car is a firm favourite; and better 
insulation to reduce heat loss, smaller 
cars, greater use of diesel rather than 
petrol engines and a reliance on the 
self-regulating effect of more expensive 
fuel all figure as feasible ways of con- 
serving our energy over the next 25 
years. 

The most important conclusion for 
British research is a negative one, that 
Britain cannot conceivably follow up 
fully all the possible answers. The 
report does, however, pick out some 
fields in which practical research 
should be stepped up. For the rest, we 
should concentrate on monitoring the 
work of other countries, mainly though 
not exclusively through the Energy 
Technology Support Unit at Harwell. 
One of the favourite topics for further 
research in Britain is the electric car. 
For this to be feasible it is assumed 
that the electricity to recharge the bat- 
teries will by then be generated mainly 
by nuclear power. 

Three ways of powering the electric 
vehicle are considered: hybrid systems 








Get cracking 
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the kilowatts 





comprising a battery and a small in- 
ternal combustion engine, fuel cells, 
and electric batteries. Of these, electric 
batteries are considered to be the most 
attractive. Further work is certainly 
justified, the report thinks, on the 
sodium-sulphur battery, to establish its 
technical viability and costing. 

The only strong contender to replace 
fossil fuels in electricity generation 
is nuclear fission. Solar power and 
nuclear fusion, along with windmills, 
tidal power and magnetohydro- 
dynamics are dismissed as too long 
term. But wave power is given the 
go ahead and the technical and 
economic appraisal now in progress at 
the National Physical Laboratory 1s 
welcomed. 

One major recommendation, which 
has been increasingly advocated by the 
architectural profession, is an improve- 
ment of insulation standards in new 
domestic housing, and encouragement 
of owners of existing housing to bring 
their insulation up to scratch. The in- 
sulation in many British homes would 
not be acceptable to a modern pig 
farmer for his pig houses, says the 
CPRS, and there is therefore great 
scope for improvement in this direc- 
tion. The Health and Safety at Work 


Britisy Secretary of State for Energy, 
Eric Varley, has appointed Dr Walter 
Marshall (left) as Chief Scientist in the 
Department of Energy. Initial reac- 
tions of relief that a key post has been 
filled after months in caretaker hands 
have been tempered somewhat by the 
details of the new man’s brief, which 
says specifically that Dr Marshall shall 
not hand out any advice on overall 
nuclear policy or on UK Atomic 
Energy Authority (UKAEA) matters 
unless he is specifically requested to 
do so by the Department of Energy 
with the prior agreement of the 
UKAEA. 

Since Dr Marshall has been a mem- 
ber of the UKAEA for two years, and 


Bill, now going through Parliament, 
will in fact enable the insulation stan- 
dards in new housing to be raised. A 
massive programme to educate the 
public is envisaged, and this will prob- 
ably concentrate on the house owner's 
pocket. 

No policy can hope to reduce energy 
consumption drastically in the very 
near future. Any measures that the 
government do put in hand will be un- 
likely to show results until after the 
1980s, especially as the emphasis of the 
report is on voluntary and self-regulat- 
ing measures. No energy police for 
instance. The report has no revolu- 
tionary suggestions, but points out 
that relatively small individual savings, 
as a result of, for instance, better in- 
sulation, more efficient electricity 
generating equipment and the use of 
smaller motor cars, should eventually 
be able to save the target 10% of 
energy consumption, provided that 
they are acted on now as a matter of 
urgency. 

The message from the top is, there- 
fore, that people must be made con- 
scious of the full cost of energy and 
the opportunities for conservation. This 
should encourage them to save their 
own money and is preferred to the 
strong-arm approach. One idea for in- 
dustry is that companies should be 
encouraged to start ‘energy auditing’ 
and even publish the results in their 
annual reports. The psychology of 
economic self interest and the dislike 
of public disapproval are obviously 
considered to be more powerful in the 
long run than a corps of Energy 
Inspectors or Temperature Police. 


Director of the Atomic Research 
Establishment at Harwell since 1968, 
it seems on the face of things that the 
government is missing the point of the 
operation by directing his attention to 
energy issues excluding those which he 
is uniquely equipped by his experience 
to judge. 

However, the choice of reactor for 
the next stage of Britain’s nuclear pro- 
gramme has probably been made al- 
ready, and whatever the department 
may say about Dr. Marshall’s brief 
avoiding ‘conflicts of interest’, it’s 
highly unlikely that he wasn’t among 
the people consulted by Mr Varley, 
however informally, before the choice 
was made. 
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WHEN President Nixon abolished the 
Office of Science and Technology last 
year, thereby ending 15 years of 
scientific presence in the White House, 
his action was greeted with a predict- 
able flood of complaints from the 
scientific community and rumblings of 
discontent have continued ever since. 
Now the National Academy of 
Sciences, the most prestigious scientific 
body in the United States, has taken 
to print to deplore the banishment of 
scientists from the corridors of power 
and to urge that they be restored 
through the establishment of a Council 
for Science and Technology in the 
White House. 

The idea is neither new nor parti- 
cularly startling, but the fact that it 


has come from the academy has 
accorded it considerable attention, 
particularly on Capitol Hill. The pro- 


posal is, essentially, for a three-member 
council to be established to help in 
dividing the budgetary pie for science 
and technology, to provide independent 
analyses of military research and devel- 
opment programmes and to have a 
strong input into foreign and domestic 
science policymaking. 

When Nixon scrapped the Office of 
Science and Technology (OST) by 
executive fiat in January last year, he 
also designated Dr H. Guyford Stever, 
Director of the National Science 
Foundation, as science adviser—a posi- 
tion previously occupied by the Director 
of OST. Stever, who is head of one of 
the smaller scientific agencies in the 
federal landscape, was, however, given 
no authority to advise on military 
research and development—which ac- 
counts for more than half of the 
federal science budget—because “the 
Department of Defense has strong 
capabilities for assessing weapons 
needs”. And he was also told to report 
to the President through Dr George 
Shultz, who was then Nixon’s adviser 
on economic affairs. ¢ 

Although Stever has generally been 
credited with doing a commendable 
job, given the limit to his pgwers, the 
fact that the science advisory apparatus 
was shifted from the White House to a 
relatively obscure part of the federal 
bureaucracy rankled considerably 
among members of the scientific estab- 
lishment. And it did not help matters 
much when Nixon, seeking advice on 
energy research and development, 
turned not to Stever but to Dr Dixy 
Lee Ray, chairman of the Atomic 
‘Energy Commission. Since that was 
perhaps the most important exercise in 
science policymaking last year, the fact 
that Stever was seemingly overlooked 
when the task was assigned suggested 
_ that Nixon was not paying much 
attention to the science policy 
machinery that he had established. 

Central to the complaints that have 








Scientists want a foot 
in the White House 


by Colin Norman, Washington 





been raised about the new. arrange- 
ments for science policy is that although 
Stever may be an able man, and al- 
though he has established an office to 
provide staffwork on policy questions, 
the fact that he is not in the White 
House puts him in a weak position to 
orchestrate the federal government’s 
scientific activities, which are scattered 
over numerous different agencies and 
departments. The White House is the 
place where interagency disputes are 
settled, where coordination of pro- 
grammes takes place and, most impor- 
tant, where final decisions on the Ad- 
ministration’s budget are taken. Thus, 
the argument goes, for scientific advice 
to be effective it must come from a 
White House office. 

That, in short, is the reasoning 
behind the academy’s proposal for a 
Council for Science and Technology. 
The proposal, which was released dur- 
ing Congressional hearings last week 
recommends the following features for 
the Council for Science and Tech- 
nology : 

@ it would consist of at least three 
people, appointed by the President; it 
would have a small staff, and it would 
be able to call upon consultants and 
panels of outside scientists for advice. 
@ The council would establish strong 
links with the three chief policymaking 
organisations in the White House— 
the Domestic Council, which provides 
coordination and policy guidance for 
a range of domestic programmes, the 
National Security Council, which does 
the same for defence matters, and the 
Office of Management and Budget, 
which holds the purse strings for all 
government departments and agencies. 
The academy suggests that the chair- 
man of the Council for Science and 
Technology should sit on the Domestic 
Council, since that body must deal 
with “a substantial number (of policies 
and problems) which involve compo- 
nents of science and technology”. 
Arrangements with the National 
Security Council would be more in- 
formal, but participation by the pro- 
posed Council for Science and Tech- 
nology in defence policymaking would 


at least rectify one of the major 
deficiencies in the present science 
policy system—lack of independent 


scrutiny of Defense Department pro- 
grammes. As for the Office of Man- 
agement and Budget, that body estab- 
lishes priorities among federal pro- 
grammes and agencies through the 
annual budget. Thus, the academy 
argues, it is essential that it be provided 








with strong input from the scientific 

community in its deliberations over the 
federal government's $20,000- million 
science budget. 
@ Finally, the academy recommends 
that the proposed council should 
deliver an annual 
developments in science and 
nology. In fact, OST did attempt to 
produce such a report during its last 





year of life, but the effort was event- 
ually dropped partly because it engen- 2 
dered considerable opposition from” 


some sectors of the government. = 4 
Nowhere in its report does the 
academy say outright that the present 


system is not working properly— 
indeed, at one point, the report says that. 

“we view with admiration the efforts of 
the Director of the National Science _ 
Foundation”-~but implicit in its argu- = 
ment is that the arrangement just can- > 
not cope with many of the problems ~ 


with which it has to deal, simply- 


because it is one step removed from ~ 


the centre of power. But a fundamental 
question is whether any science advis- 


ory apparatus can be made to work jin ==> 


an Administration which has not so- 


far shown much enthusiasm for science 


advice. The OST arrangement, for - 
example, even though it was at the 
centre of power, lost considerable. imei 
fluence during the later stages of its ~ 
life, partly because PSAC made some 
public recommendations which were 
diametrically opposed to Administration”. 
policy—a prime example being a report 
opposed to development of the SST — 
which was made public when the Ad- 


ministration was fighting Congress to- ae 


get approval for the SST programme. 


Nevertheless the Academy’s pro- - 


posals met with a warm reception-on. 
Capitol Hill, for last week Senators 
Frank Moss and Warren Magnuson 
proposed a bill which would create a 
Council of Advisers on Science and- 


Technology i in the White House. Hear- : 


ings wil be held on the measure on 


July 11 by the Senate Committee on- a 


Aeronautical and Space Sciences and 


the Senate Committee (which Moss.and =. 


Magnuson, respectively, chair). and 
there is a good chance that the Senate 
will endorse the proposal by the end 
of the year. But the House of Repre- 
sentatives is unlikely to move that * 
quickly. The Committee on Science and 
Astronautics is now in the middle of” 
a protracted study of the national 
science policy machinery, and although 
the Academy’s recommendations went 
down well with the committee, it is 
unlikely that it will be ready to suggest 
changes in the machinery in time for 
the House to act this year. But there 
is every chance that Congress will act 
next year to reestablish a White House 
science policy office, in which case no 
President ‘would be able to get rid 
of it without congressional approval. 


tech- 








6 
Cooperation in 
coal research 


by John Wilson 

Britain and the United States are to 
share the results of almost all their 
research into the mining and use of 
coal. This was decided formally on 
June 26, when an agreement was signed 
simultaneously in London by Sir Derek 
Ezra, Chairman of the National Coal 
Board (NCB) and in Washington by 
the Honorable Rogers C. B. Morton, 
United States Secretary of the Interior. 
Over the live telephone link from 
Washington Mr Morton said that it 
was “not only feasible but imperative” 
that the two countries exchange in- 
formation now. For his part, Sir Derek 
described the agreement as “about the 
most comprehensive list that could 
have been laid down”. He emphasised, 
however, that the agreement should not 
be seen as being exclusive, and men- 
tioned commitments to other countries. 

The full text has not yet been released 
but fifteen major areas of research are 
specifically named. These are the gasi- 
fication, hydrogenation and solvent 
extraction of the coal: long wall mining 
techniques (needed in deep mines): 
automatic cutting machine control; 
coal preparation techniques; auto- 
matic measurement of coal character- 
istics; effluent control; minestone dis- 
- posal; noise and dust control; safety 
research in the workings (degasifica- 
tion, subsidence studies, roof supports, 
and prevention of spontaneous com- 
bustion); air pollution control (treat- 
ment of flue gases); open cast mining 
techniques (including restoration of 
the site); advanced power systems and 
fluid bed combustion. 

How cooperation on many of these 
topics should best be established is not 
yet finalised but further discussions are 
expected to take place at an inter- 
national meeting on coal research which 
is to be held in London in October. 

The agreement runs initially for three 
years and is extended automatically for 
periods of two years unless one of the 
parties withdraws. Each side must call 
for the information it wants and there 
are provisions in the agreement for the 
safeguard of patents and the exchange 
of personnel, 

With Sir Derek Ezra in London was 
Dr William Gouse, Director of the 
United States Office of Coal Research 
and Development and Acting Director 
of the Office of Coal Research. Saying 
that coal “‘was something that the 
United States had discovered last fall” 
he described 
United States as an energy source of its 
own from which clean fuel could be 
prepared. But he said that there was 
a shortage of people with? the appro- 
priate research background to exploit 


its importance to the’ 


these resources—a weakness in mining 
technology being the weak link. 

As part of President Nixon’s drive 
to make the United States independent 
of external energy sources by 1980, the 
Department of the Interior plans to 
spend about $3,500 million on mining 
and coal utilisation research over the 
next five years. And it hopes that this 
sum will almost be matched by private 
industry. 

Britain will spend a lot less. In plans 
which Sir Derek Ezra says have been 
“well received’? by the Secretary of 
State for Energy, Mr Eric Varley, the 
NCB is calling for $100 million (£40 
million) to be made available over the 
same period. 

But this disparity in expenditure 
should not be taken as a measure of 
each country’s contribution to the 
research agreement. Sir Derek Ezra 
says that “this agreement will be very 
much a two-way process. We are not 
just latching on to a great American 
effort, we have much to give in return”. 
The NCB’s knowledge of the basic 
processes in coal utilisation methods ts 
sound, he continues, and the United 
States has the resources to set up the 
necessary pilot schemes. 

The United States is particularly 
interested in the fluid bed combustion 
of coal—a technique in which the bed 
of coal and ash inside a furnace is 
given the properties of a liquid by 
the upward passage of air. It hopes to 
use this method to generate electricity 
and is spending $30 million next year 
on the building of a pilot plant. Under 
the agreement just signed, the results 
from this and other similar pilot pro- 
jects will be available to Britain. 

The United States has only recently 
discovered that it will have to dig deep 
for its coal. This is not only to obtain 
sufficient quantities of high grade coal 
but also to avoid the wrath of the en- 
vironment lobby which is violently 
opposed to strip mining. 

Noting that Britain has by far the 
biggest mining industry in Western 
Europe, Sir Derek suggests that the 
NCB can assist the United States with 
the long-wall mining technique that 
it must now use—perhaps by the ex- 
port of specialised mining equipment. 
The NCB also has considerable experi- 
ence of the health problems posed by 
noise and dust in deep mines (indeed 
over the past four years Britain has 
allocated £4.5 million to medical and 
engineering research connected with 
dust control and pneumoconiosis) so 
there are many areas of both mining 
and coal utilisation 
Britain’s expertise will benefit “Project 
Independence”. But perhaps the most 
important aspect of the new agree- 
ment is that it will allow ideas gener- 
ated on either side of the Atlantic 
to be shared between both parties. 


research where. 
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Copper exploration 
proposed for Exmoor 


by Roger Woodham 

British Kynoch Metals Ltd. has 
applied for planning permission to 
explore for copper on the borders of 
the Exmoor National Park in Devon. 
The company, jointly owned by 
Imperial Metal Industries and British 
Insulated Callender’s Cables, is think- 
ing in terms of scout drilling of ten 
holes less than 350 feet deep to start 
with, but would ultimately seek per- 
mission to re-establish a mining opera- 
tion in the area if things turn out well. 

The first thing to be said is that 
open-cast mining is out of the question 
because of the nature of the minerali- 
sation. The metal ores in the region 
are in lensoid bodies that are relatively 
narrow and lie en echelon. There is 
not the large extent of relatively poor 
grade ore (less than 1%) that makes 
open-cast mining attractive. 

British Kynoch is hoping to prospect 
on “a few square miles” of the Stucley 
estate at Heasley Mill in the North 
Molton area of Devon. This part of 
the estate includes several old work- 
ings, in particular the Bamfylde Mine 
which was used intermittently between 
the early eighteenth century and 1884. 
Its output was never very great by 
today’s standards, however—between 
1860 and 1881 it produced 5,000 tons 
of copper ore, the grade of which may 
have been 17%, or so locally but was 
probably more like 5-7% overalt. The 
mine goes down 900 feet and the main 
vein is some 2,000 feet long. 

Mr P. F. A. Loffler, Managing 
Director of British Kynoch, said fast 
week that geochemical and geo- 
physical surveys had provided “some 
encouragement”. These methods are, 
however, no substitute for drilling and 
examining a core because copper can 
find its way int the soil from artificial 
sources and the detection by geo- 
physical methods of conducting mate- 
rial at depth may indicate no more 
than the presence of iron ore or 
graphite, hardly a prize for any mining 
concern. 

Mr Loffler said that as the area is 
well wooded and made up of valleys 
and combes, the operations could 
easily be screened. His company has 
declared that the “visual impact 
of equipment, plant and offices would 
be minimal” in the event that mining 
was started again and that no local 
smelting is contemplated. 

Local reaction is hard to gauge at 
present because nobody has had time 
to investigate fully the implications of 
the planning application. There is, how- 
ever, general. relief that open-cast 
operations are not being considered for 
the site. 


os 
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THE unofficial Moscow seminar on 
“Collective Phenomena and the appli- 
cations of physics to other fields of 
science’, scheduled for July 1-5, 1974 
now must pass into history as “the 
seminar that never was’. With the 
arrest on Friday June 28 of Sinologist 
Vitali Rubin, it would seem that all 
leading members of the organising com- 
mittee were in custody at the time of 
going to press. According to a cousin 
of Professor Mark Azbel, the arrested 
organisers are held outside Moscow, in 
detention centres which have previously 
been used for the temporary removal 
of dissidents from circulation. The 
centres mentioned are at Volokalansk 
and Serpukhov—the second showing a 
certain irony on the part of the auth- 
orities. Those intending participants not 
im custody are under virtual house 
arrest with police cars parked outside. 


Ir is ten years since the June 1964 
į elections to the Soviet Academy of 
Sciences which marked the beginning 
of the end of Lysenkoism and the re- 
introduction of Mendelian genetics in 
the Soviet Union. Although the 
Russians are usually eager to mark any 
significant anniversary, this particular 
one 1s not liable to receive the usual 
acclamation of celebratory meetings 
and publications. Nevertheless, a recent 
decree of the Central Committee of 
the Communist Party of the USSR 
and the Council of Ministers of the 
USSR does, in oblique fashion, form 
a kind of epitaph to the Lysenko 
period, by indicating the harm done to 
the development of Soviet science by 
almost a quarter of a century of opt- 
ing out of world trends in research in 
genetics and molecular biology. 

The Decree, published on May 21, 
1974, deals with “the question of mea- 
sures to accelerate the development of 
molecular biology and molecular gene- 
tics and to use theig achievements in 
the national economy”. It begins with 
the face-saving observation that “in 
recent years, on the basis of the wide use 
in biology of the achievemefits of chem- 
istry, physics and mathematics, it has 
become possible to investigate the mole- 
cular mechanisms of the most import- 
ant processes determining the existence 
and development of living matter”. 
(This would logically imply that the 
earlier decision, in 1948, to stop all 
genetic research and, on the orders of 
the MGB—now the KGB—to destroy 
dall Drosophila held in laboratories by 
drowning them in boiling water, was 
quite ‘correct’; the necessary achieve- 
ments in other fields had not yet been 
reached.) 

Now, however, “fundamental dis- 
coveries in this branch of the natural 
sciences” have been made (it is not 
said by whom), which ‘have great 


Seminar that 
never was 


On hearing of the arrests, Professor 
Edward Stern, one of the three inter- 
national secretaries of the seminar, 
began an intensive campaign in Wash- 
ington to effect the scientists’ release. 
A delegation from the intending parti- 
cipants met Senators Jackson, Javits 
and Ribicoff, who undertook to send a 
telegram to Dr Kissinger, asking for 
their release. They also met Senator 
Hartke of Indiana who claims to be on 
good terms with Brezhnev, and who 
promises to intercede personally on 
their behalf. Acting Secretary of State 
Sisco also showed considerable interest 
in the plight of the scientists, and 
undertook to bring it to Dr Kissinger’s 


Epitaph to 
Lysenkoism 


from Vera Rich 
theoretical and practical significance 
for the development of agriculture, 
medicine and a number of branches of 
industry”, Nevertheless, it is found that 
“the general level and scale of research 
on molecular biology and molecular 
genetics in our country is still insuffi- 
cient. There are only a few highly 
qualified specialists making ready in 
this field. There are serious deficiencies 
in the organisation of the production 
of special scientific instruments and 
high class apparatus, the necessary 
range of chemical reagents, materials 
and biological preparations.” 

Accordingly, since “the Central 
Committee of the Communist Party of 
the Soviet Union and the Council of 
Ministers of the USSR consider that 
the achievement in the shortest pos- 
sible time of the foremost level of de- 
velopment of molecular biology, mole- 
cular genetics and other branches of 
natural science immediately connected 
with the study of the physico-chemical 
principles of life phenomena” consti- 
tutes ‘‘one of the most important pro- 
blems of Soviet science at the present 
time”, the appropriate steps are to 
be taken. The Academy of Sciences, 
the State Committee for Science and 
Technology, the State Planning Com- 
mittee and the various ministries and 
departments are charged with ‘“‘ensur- 
ing the necessary rate of development 
of these sciences and a wide use of 
their achievements in agriculture, 
medicine and industry”, with “‘streng- 
thening the basic trends of funda- 
mental research”, and also with draw- 
ing up a concrete programme of 
research and design for 1974-80. 

This last clause is extremely signi- 
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attention. Eleven Nobel Laureates en- 
dorsed the principle, which has been 
conveyed to Mr Nixon in Moscow, that 
the right of scientists to emigrate with- 
out harassment should be written into 
any bilateral agreement between the 
United States and USSR. 

Meanwhile, it has been learned that 
Mrs Nina Voronel was informed on 
Saturday June 29 that the group will 
be released after the scheduled semi- 
nar dates have safely passed. What 
their subsequent fate will be remains 
uncertain. One of them, Corresponding- 
Academician Venyamin Levich, has, 
however, now been granted permission 
to emigrate “at the end of 1975”, while 
his sons Venyamin and Aleksandr can 
leave at the end of this year. If this 
is an omen of events to come, the 
ill-fated Seminar will not have been 





convened in vain. 


ficant—the new policy becomes effec- 
tive immediately, without waiting, as 
would normally be expected, for the 
beginning of the next five-year plan in 
1976. Since the logistics of implement- 
ing such mid-plan changes of policy 
in the framework of the rigid quin- 
quennial budgeting of financial and 
manpower resources are considerable, 
it seems clear that what is involved is 
not only a change of planning policy, 
which could have waited another 18 
months, but something close to panic 
measures. 

The practical details contained in 
the Decree are sparse, as always. We 
learn, however, that a special Inter- 
departmental Scientific and Technical 
Council has been formed to coordinate 
research in this field, that means have 
been assured for the training of specia- 
lists, scientists and instructors, that 
new scientific research establishments 
and training colleges are to be opened 
and existing ones expanded, and also 
that ‘‘research bases” are to be con- 
structed. The production of the re- 
quired instruments, reagents and other 
necessities is to be “considerably €x- 
panded”. 

The Decree ends with the conven- 
tional expression of the confidence of 
the Central Committee and Council 
of Ministers that all persons and or- 
ganisations concerned will carry out 
their appointed tasks in this new ex- 
pansion of Soviet science in the fields 
of molecular biology and molecular 
genetics. In this atmosphere of all 
shoulders to the wheel, it seems un- 
fortunate, for the Soviet authorities, 
that they can no longer call on the 
help and assistance of the chronicler 
of the Lysenkoist ‘“‘pseudoscience”’, 
who did so much towards its overthrow 
—Zhores A. Medvedev, who, a year 
ago, they saw fit to deprive of his 
passport. 
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In India the explosion 
is seen very differently 


from Narender K. Sehgal, Jullundur 


The news on May 18 of India’s 
nuclear explosion sent a wave of 
elation through the country. People 
were simply thrilled, despite the dif- 
ficult economic situation. Even Indians 
abroad could not remain unaffected by 
the event. The President of the 
Indian Students’ Association at the 
University of Illinois in Chicago wrote 
in a letter to a New Delhi daily news- 
paper: “... If anything, the reaction 
of the average American has been one 
of incredulity as to how such a country 
could pull off something like this. ... 
The Indian community by and large 
welcomed the blast as a veritable suc- 
cess for Indian scientists and 
engineers’. Back home, to show their 
appreciation, the Federation of Jullun- 
dur Engineering Associations passed a 
resolution announcing a token cash 
award of Rs2100 for Shri H.N. Sethna, 
Chairman of the Atomic Energy Com- 
mission (AEC), for “successful explo- 
sion of a nuclear device”. 

The Indian scientific community, like 
other sections of the population, hailed 
the underground nuclear experiment 
as an important development in the 
country’s atomic energy programme, 
signalling attainment of a certain 
degree of sophistication in nuclear 
technology. Dr S. M. Sircar, Director 
of the Bose Institute in Calcutta, said 
that the Atomic Energy Commission 
had done a good job. Dr D. Bose, 
Director of the Indian Association for 
Cultivation of Science, said it was a 
good step forward in making use of 
atomic energy for purposes other than 
war, Dr S. P. Ghosh, Head of the 
Department of Nuclear Chemistry at 
Patna University in Bihar, said India’s 
success in the field of nuclear tech- 
nology represented peaceful research 
activities for geological exploration. 
He added that in the peaceful use of 
nuclear energy there was also a pos- 
sibility of constructing atomic weapons 
and this explosion shows that “Indian 
technologists are capable of doing so.” 

Following the explosion, atomic 
energy in general and the country’s 
programme in this area in particular 
became hot topics for discussions, 
talks and seminars. Dr H. S. Hans, 
Head of the Department of Physics at 
the Panjab University in Chandigarh, 
hailed the nuclear experiment in a 
radio talk from Jullundur and ex- 
plained various aspects of India’s 
atomic energy programme. Speaking 
on “Nuclear Explosion” at the India 
International Centre in New Delhi Dr 
B. K. Nayar, Executive Sécretary of 
the Indian National Science Academy, 


said the success achieved by India in 
the nuclear explosion must be a matter 
of both envy and dismay to many. He 


felt that so far as application of 
nuclear energy for peaceful purposes 
in India was concerned, a better ex- 
periment might not be easily envisaged, 
He stressed that a crater-forming ex- 
plosion could be utilised successfully 
in creating channels, dams and storage 
for underground gases and radioactive 
materials released by nuclear tests. 

Reactions to the explosion from 
abroad have been on expected lines. 
The Chairman of the French Atomic 
Energy Commission has congratulated 
his Indian counterpart. According to 
scientists, India had merely staged a 
neat and skilful demonstration of 
what she had been believed capable of 
for some time. Even so, there has been 
criticism from some foreign quarters, 
mostly in the form of unofficial press 
comments. 

Although there is undoubtedly an 
understanding here about stands taken 
by non-nuclear countries, protestations 
from those possessing stockpiles of 
nuclear weapons have failed to impress 
anyone. Doubts have been cast on 
India’s peaceful intentions in regard 
to the explosion, pointing out rather 
irrelevantly that even Russia and the 
United States have had little success in 
using nuclear explosions for peaceful 
purposes. Maybe India will be able to 
show the way. 

By and large scientists here seem 
satisfied with the countrywide favour- 
able response evoked by the nuclear 
experiment. There is concern, how- 
ever, especially among those connected 
in any way with the atomic energy 
programme, at the patently false im- 
pression (created by press and other 
comments from abroad) that the 
entire Indian effort in the field of 
atomic energy had been directed to- 
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Shot in the arm 


ward detonating a nuclear device. 
Nothing could be further from the 
truth. India’s atomic energy pro- 
gramme comprises activities ranging 
over a wide variety of fields: radio 
isotopes, medicine, food and agricul- 
ture, electronics, lasers, minerals, 
metallurgy and so on—and of course 
power generation, which has been one 
of AEC’s major concerns. 

In a television interview on May 31, 
of the AEC, the Chairman, Shri 
Sethna, pointed out that the com- 
mission was spending seven timesemore 
on nuclear research in agriculture, 
medicine and cancer studies than what 
was spent on conducting the test which, 
according to him, cost the AEC Rs 30 
lakhs (lakh = 100,000). 

To Indian science the explosion has 
come as a timely shot in the arm. This 
modest achievement (and perhaps 
others that may follow) could provide 
just the fillip meeded to bring Indian 
science and technology into their own. 

Indian scientists feel that India’s 
mastery pver nuclear explosion tech- 
nology for peaceful purposes is bound 
to result in important advantages: 
India’s nuclear neighbour will feel 
appropriately restrained and chances 
of confrontation between the two will 
diminish; Indian views on disarma- 
ment, particularly with respect to 
nuclear weapons, will carry a lot more 
weight now; the idea and concept be- 
hind the nuclear Non-Proliferation 
Treaty will have to undergo adequate 
changes to make it more just for the 
non-nuclear-weapon countries; and 
India may now be in a far better posi- 
tion to press for initiation of discussion 
on dismantling of all existing nuclear 
weapons and on a worldwide ban on 
all types of nuclear activity for war 
purposes. 
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THE choice before mankind is a very 
simple one: nuclear disarmament or 
oblivion. In the absence of disarma- 
ment, more and more nuclear weapon 
powers will emerge. A limited nuclear 
war will eventually break out which 
may well escalate to a strategic 
nuclear exchange between the super- 
powers and extinguish our civilisation. 
The nuclear paradox is Man’s total 
inability to cope with the obvious, even 
when it 1s a matter of life and death 
for the human race.” With these words 
Dr Frank Barnaby, Director of the 
Stockholm International Peace Re- 
search Institute (SIPRI), justified the 
pessimistic outlook of the Institute’s 
Yearbook 1974 recently published in 
Stockholm. Like its four predecessors, 
this yearbook is about armaments and 
disarmament, After surveying the state 
of the armed world and the develop- 
ments affecting it during 1973, the 
institute restates its commitment to 
general and complete disarmament as 
the only possibility for survival. 

SIPRI readers have by now learned 
to expect the authoritative and sober- 
ing picture which emerges from this 
yearbook as from the institute’s many 
other publications, It comes as no sur- 
prise to read that “‘. .. by the end of 
1973 there was still little evidence that 
| the degree of disorder in international 
affairs was decreasing’. The bright 
spots of the year fall into place as 
acts of political necessity which have 
done nothing to stop the proliferation 
of conventional weapons or the con- 
tinuing pressures towards technological 
refinement of both conventional and 
nuclear arms. 

In 1973 the world spent $207,000 
milion on arms, of which $20,000 
million was for military research and 
development. Since 1968 world military 
expenditure has been constant at about 
this level; therefore the latest figure 
represents a slightly lower proportion 
of world GNP now than it did then. 


THE US House of Représentatives 
voted last week to kill the Large Space 
Telescope (LST)—one of the most im- 
portant astronomy programmes being 
planned for the 1980s—by deleting 
funding for the project from NASA’s 
budget. If the Senate follows suit, 
NASA will have to revamp the project 
and come up with a cheaper option, 
but according to congressional sources, 
it is likely that the Senate Appropria- 
tions Committe will restore at least 
some of the money to keep LST alive. 

NASA had asked for some $6.2 mil- 
lion for the 1974-75 fiscal year for 
planning and design of the LST, before 
moving into the development phase. 
But the Appropriations Committee 
recommended that the money should 





SIPRI pulls it 
all together 


The unchanged figure however, dis- 
guises a disturbing trend: “The share 
of world military expenditure absorbed 
by the United States, the Soviet Union, 
France and the United Kingdom, taken 
together, has declined from 82% in 
1955 to 70% in 1973. This does not 
reflect a reduction in the military cap- 
ability of these four countries but 
rather indicates the magnitude of the 
increase in militarisation elsewhere.” 
India’s recent nuclear explosion ilus- 
trates this only too well. 

The peculiar value of the SIPRI 
year books is that they relate all the 
happenings of a year, putting the 
events hailed as political .milestones in 
perspective beside continuing world 
trends. Amidst the triumphant conclu- 
sion of the Israeli-Syrian disengage- 
ment agreement and the optimistic 
forecasts of its effect on future oil 
deliveries, for example, it is easy to 
overlook what is happening in other 
parts of the Middle East. The Persian 
Gulf is a critically important area for 
the shipment of oil. In recent years, 
the countries bordering the Gulf have, 
according to the yearbook, dramati- 
cally increased their military expendi- 
tures. Iran and Saudi Arabia have led 
the way. Over the decade 1963-1973 
the average annual rate of increase of 
military expenditure in these countries 
was 23%. During 1973, Iran had out- 
standing orders for about 800 Chieftain 
main battle tanks, 250 Scorpion light 
tanks, more than 200 F-4E/F-5E 
fighter aircraft and nearly 500 heli- 
copters, including about 200 Sea Cobra 
gunships armed with the latest US 
anti-tank missiles. The prospect of the 
Gulf countries being armed to the 
teeth and about to wield such influence 


LST in danger 


be denied this year and that A less 
expensive and less ambitious project 
ye considered as an alternative.” The 
recommendation was approved by the 
House itself last week when it voted 
on NASA’s budget. 

A 120-inch optical telescope, the LST 
would be about 100 times more power- 
ful than the largest ground-based in- 
struments now in operation. It would 
be launched in the early 1980s——prob- 
ably in 1981-—by the space shuttle and 
it would be periodically serviced and 
upgraded during its 15-year lifetime. It 
has been enthusiastically endorsed bv 
the Space Science Board of the 


over oil shipments may well make us 
rethink the current relief over develop- 
ments in another part of the Middle 
East. 
Current nuclear events make the 
yearbook’s discussion of nuclear poli- 
cies particularly interesting. The state- 
ment on January 10 by the United 
States Secretary of Defense that 
the United States would 
pursue a counterforce strategy is 
interpreted by SIPRI as a justi- 
fication for continuing the 
lopment of weapons for whose future 
deployment the doctrine of ‘mutual 
assured destruction’ provided no ra- 
tionale. Of particular. concern is the 
fact that enormous resources are be- 
ing devoted to antisubmarine warfare 
technology, which is already sufficiently 
advanced to allow the destruction of a 
portion of the enemy’s strategic 
nuclear submarine force. On the tacti- 
cal level, it has been suggested that 
accurately delivered low yield nuclear 
weapons should replace the higher 
yield nuclear weapons now deployed, 
particularly in Europe. SIPRI objects 
to this proposal because “it is of para- 
mount importance that an absolute 
‘hrebreak’ should be maintained be- 
tween nuclear and conventional war”. 
It is surprising that SIPRI empha- 
sises its basic commitment to effective 
disarmament as the only sure way of 
lessening threats all over the world, in 
spite of the facts that the yearbook is 
aimed largely at governments and that 


the institute is well aware that ‘dis- | 


armament’ is a dirty word in many 
government circles. The official intoler- 
ance of disarmament detracts from the 
practical value of the Yearbook’s 
solution, for history shows that poli- 
tical will is essential for negotiated 


progress in any direction. In going | 


against the stream, SIPRI is not merely 
being politically naive. It is attesting 
to the fact that it sees no middle way 
between disarmament and annihilation. 


in future | 


deve- 


National Academy of Sciences but the 
House Appropriations Committee was 
evidently concerned at the large esti- 
mated costs of the project-——between 
$290 and 300 million. 

Now that it has been approved by 


the House, NASA’s budget must be, 


considered by the Senate. The Senate 
Appropriations Committee is likely to 
report out a bill later this month and 
if the full Senate does eventually re- 
store funding for the LST, the matter 
would have to be resolved by a House- 
Senate conference committee. Congres- 
sional sources predicted that the funds 
would be approved by the Senate and 
agreed to by the conference committee, 
but the oytcome at this stage is far 
from certain. 
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news and views 





Single mutation with 
two effects in tRNA 


SINCE suppression was first discovered by the isolation of 
mutations that allowed some transfer RNAs to respond to 
nonsense codons instead of to their usual nucleotide triplets, 
the effects which mutational alteration may have upon 
tRNA have proved to be one of the most useful probes for 
investigating its function. The classical suppression of ochre 
(UAA) and amber (UAG) nonsense codons proved to be 
due to substitutions in the anticodons of tRNAs for 
glutamine, leucine or tyrosine, all possessing codons related 
to the nonsense triplets by a single base change. Missense 
suppression can result from a similar phenomenon, when a 
tRNA suffers a change in its anticodon which causes it to 
recognise a codon that usually represents some other amino 
acid. Another form of suppression involves frameshift 
mutations, In which a mutant tRNA restores the correct 
reading frame of the message, apparently acting at the 
codons GGG or CCC, whereas tRNA for glycine, for 
example, usually recognises GGG, a mutant seems able to 
respond to GGGG. 

All these mutations are dominant; the presence of mutant 
tRNA achieves suppression. But what happens in the haploid 
bacterium at codons to which the mutant tRNAs would 
formerly have responded? When dominant suppressors can 
be isolated, presumably more than one tRNA must recognise 
their wild type codons, so that the capacity to translate these 
triplets remains even after mutation of one of the tRNAs. 
This explains why only some of the amino acids possessing 
codons related by single changes to the nonsense triplets 
can generate suppressors—-presumably the others are 
recognised by only a single, essential tRNA whose mutation 
is lethal. 

But the objection to mutation in essential tRNAs is over- 
come if the cell is made diploid for these genes; as Soll and 
Berg (Proc. natn. Acad. Sci. U.S.A., 63, 392, 1969; Nature, 
223, 1340; 1969) showed, in this case further suppressors 
can be isolated and they are recessive-lethais—if the 
bacterium is returned to a haploid condition, the suppressor 
tRNA is lethal, because there is no tR NA able to respond to 
its former codons. One of the two recessive-lethal 
suppressors that they isolated, su7*, has the surprising 
property of inserting glutamine at amber codons, surprising 
because dominant glutamine suppressors have previously 
been isolated and recessive-lethals were expected to implicate 
new amino acids in suppression. The unusual properties of 
the glutamine lethal-recessive suppressor are the subject of 
* studies reported in the Journal of Molecular Biology by Soll 
(86, 233; 1974) and Yaniv, Folk, Berg and Soll (ibid., 245). 

Until very recently, all suppression—nonsense, missense 
or frameshift--mediated by tRNA seemed to be due to 
changes in the sequence of the anticodon that change the 
coding response of the transfer molecule. But Hirsh (J. 
molec. Biol., 58, 439, 1971) found that a UGA suppressor 
results from a mutation at position 24 of tryptophan 
tRNA, not located in the anticodon but allowing the mole- 
cule to respond to UGA as well as to its usual codon, UGG. 
And mutations affecting not the codons recognised by tRNA 
but instead the amino acid¢*with which it is charged were 
recently isolated by Smith and Celis (Na‘ure new Biol., 243, 


66; 1973) and Celis et al. (Nature new Biol., 244, 261; 1973; 
see also Nature, 249, 690; 1974). By examining the ability 
of cells possessing the su3° gene, which inserts tyrosine at 
amber codons, to suppress nonsense mutations at which 
tyrosine is not acceptable, they isolated mutants of su3* 
which continue to recognise the UAG amber codon, but 
insert glutamine instead of tyrosine. All five mutations 
constituted single base substitutions in the amino acid 
acceptor arm of the tRNA. 

That the insertion of glutamine by the su7* suppressors 
results not from mutation of a glutamine tRNA but 
instead from a change in the charging specificity of another 
tRNA is the conclusion supported by the studies of Soll 
and Yaniv et al. Soll reports that the su7 locus in Escherichia 
coli is identical to a locus in Salmonella typhimurium at 
which Miller and Roth (J. molec. Biol, 59, 63; 1971) 
previously isolated recessive-lethal suppressors of UAG and 
UGA codons that seem to be allelic. By obtaining a 80 
phage carrying the sw7~ gene, Soll showed that the E. coli 
locus also can suffer single step mutations to yield su7*vac 
or su7’vas suppressors. That both suppressors result from 
mutation of a single tRNA gene carried on the phage is 
suggested by the subsequent conversions possible from the 


Is Jupiter lord 
of the Solar System? 


ge 


fue idea that Jupiter and the Sun might be ĉon- . 
sidered more sensibly as a binary system than in the 
respective roles of humble planet and dominating 
star is not particularly new. But on page 35 of this 
issue of Nature, Drobyshevski takes the idea an in- 
triguing step further; according to his calculations, 
the dominant partner in the early stage of the de- 
velopment of the binary was Jupiter, and not the Sun. 

Jupiter is certainly more like a small starlike body 
which has insufficient mass to trigger nuclear burning 
than like the other planets of the Solar System. 
According to Drobyshevski, one can be more specific 
and identify Jupiter with the core of the protosun. 
The process by which the original primary in the 
evolving binary system has become very much the 
secondary will be familiar to students of stellar evo- 
lution. At one time, it was something of a puzzle that 
the lower mass components in many binary star systems 
are found to be more highly evolved than their more 
massive companions, since a more massive star should 
evolve more rapidly. But this has now been explained 
in terms of mass exchange between the components 
of binary systems. 

That is essentially how Drobyshevski explains the 
evolution of the early Solar System, with details of 
the process also offering a reasonable explanation of 
the formation of the other planets. And as a final 
bonus, the slow rotation of the Sun also emerges 
from the calculations when the angular momentum of 
the material streaming between the original binary _ 
companions is considered. ae 
JOHN GRIBBIN 
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su7*,.,,, and su7*,., alleles. The 
sul* oaa tRNA can be mutated to yield 
an ochre suppressor recognising UAA 
and UAG. The sw7*,,., tRNA can be 
mutated to yield a UAG suppressor, 
although this results in loss of UGA 
suppression. These conversions can all be 
explained by single base mutations if the 
su7~ tRNA represents the single species 
in the cell coding for tryptophan that 
responds to UGG. This can generate 
a UGA suppressor by mutation at posi- 
tion 24 in the dihydrouridine loop; and a 
change in the anticodon would generate a 
recessive-lethal UAG suppressor. Except 
for the initial generation of su7*,,;, 
from su7~ tRNA, all the conversions 
observed can be achieved by single 
changes in the anticodon. 

Sequencing studies confirmed that the 
amber and ochre su7* suppressors are 
derived by single base changes in the 
anticodon of the tryptophan tRNA. 
Yaniv et al. found that a change from 
CCA in the wild type anticodon to CUA 
in the mutant su7*,,,, is the sole 
difference between the transfer RNAs. 
The su7*..,4., Suppressor generated by 
mutation of su7*,.,,, represents a further 
single base substitution, having an anti- 
codon of UUA. But although derived 
from tryptophan tRNA, the su7*,.., 
and su7*,:,4,. Suppressors both insert 
glutamine at the nonsense triplets to 
which they respond. This means that the 
mutation from C to U at the middle 
position of the anticodon must have two 
effects: it changes the coding response 
so that the tRNA recognises UAG 
instead of UGG; and it alters the charg- 
ing specificity so that the transfer mole- 
cule is recognised by glutamine-tRNA 
synthetase instead of tryptophan-tRNA 
synthetase. The second C to U change, 
generating the ochre su7 suppressor, 
must change the coding specificity to 
allow recognition of UAA as well as 
UAG, but leaves unimpaired the new 
ability of the molecule to be charged 
with glutamine instead of tryptophan. 

Comparing the sequences of the two 
glutamine tRNAs (which recognise CAG 
and CAA and differ in seven nficleotides) 
with the su3* tyrosine suppressor shows 
few similarities. All five of these mutations 
are located in the amino acid acceptor 
stem of the molecule. Four disrupt one 
of the first two base pairs, and may 
therefore be effective because they induce 
a conformation change; the other replaces 
an adenine not involved in base pairing 
with a guanine, and presumably this 
base must be recognised directly, or 
must influence the conformation of the 
molecule by an interaction with some 
other region in the tertiary structure. 
Each individual mutation may establish 
some similarity with glutamine tRNA 
and Inokuchi, Celis and Smith (J. molec. 
Biol., 85, 187; 1974) recently showed by 
constructing a double mutant that two 
together may enhance charging with 







the single 


glutamine compared with 
mutants. 

In view of the implication of the 
amino acid acceptor stem as a site for 
recognition by gln-tRNA synthetase, 
it may perhaps be significant that the 
only similarities between glutamine tRNA 
and su? tryptophan tRNA lie in the base 
pairs of this region and of the anticodon 
stem, although of course recent research 
has pointed to the conclusion that base 
pairs as such, not their individual bases, 
may be important in recognition of 
tRNA. It is not at all obvious why a 
single change in the su7 ~ tRNA anticodon 
allows the molecule to be recognised by 
gin-tR NA synthetase. Perhaps the isola- 
tion of further mutants, and determina- 
tion of the relative extents to which each 
substitution allows false recognition of 
tRNA, may allow some definition of 
how synthetases recognise transfer mole- 
cules; but at present this remains un- 
clear. 

BENJAMIN LEWIN 


Saiga finds 
safety in 
numbers 


from D. Michael Stoddart 
THE story of the saiga (Saiga tatarica) 
is one which could easily have had an 
unhappy ending. Intense piratical hunt- 
ing and severe ‘djuts’ (glazed snow 
coverings of great persistence) brought 
the world’s total of this antelope dur- 
ing the first quarter of this century to 
just a few hundred. In the 1930s the 
the game authorities in the Soviet 
Union totally prohibited hunting and 
took steps to reduce the herds of 
nomadic cattle that overgrazed the 
saiga’s range. Nature lent a kindly 
hand by offering a few winters of rela- 
tive mildness without serious djuts. By 
1954 there were 1 million head of 
saiga and in 1973 more than 2 million 
in the Soviet Union. Cropping started 
in 1955 and during the next 17 years 
nearly 3 million head were harvested 
and these produced 58,000 tons of 
meat. Current studies in Kazakhstan 
and other areas in which saiga over- 
winter are being made to find ways 
of lessening the impact of serious dyuts. 
An important feature of the ecology 
of the saiga is the high reproductive 
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chosen as 
First 


The saiga antelope, 
emblem of the 


one of a special set of postage stamps 
issued to mark the event. 


rate. Old females regularly give birth 
to twins, sometimes triplets, and young 
females breed first at 7 months. The 
rate of embryo resorption is low but 
noticeably higher after winters with 
severe djuts when the crust of glazed 


snow diminishes available food and the ~ 


animals enter spring in an emaciated 
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state. In concluding his remarks to the oo) 
First International Theriological Con- = 


gress held in Moscow from June 6—12, 


A. A. Sludsky drew attention to the 


importance of this natural resource to = 


the more isolated regions of the Soviet 


Union where rail and road transport a- pate 


tion links are poor. 


A less rosy outlook was dete E 


by I. I Barabash-Nikiforov and L. V. 
Shaposhnikov for the Russian desman 


(Desmana moschata), a large, aquatic. 


shrew-like mammal. Like its Pyrenean 
cousin, the desman is a Tertiary relict: 
Everywhere it is becoming much less 
abundant. Today it is to be found only 
on parts of the River Ob’ in West 








Siberia. Various reasons are thought to. 


have brought the desman to the brink 


of extinction. Foremost among these | 
is the use by fishermen of creels and — 


trap nets in which many desmans 
drown. The draining programme of 
flood plains and the building of levées, 
the destruction by cattle of riverside 
vegetation and the interspecific com- 
petition with muskrats for bank space 
are other influential factors. It seems 








as if the economic and human factors... 


will prevail and even spread to the few 
safe desman pockets where the crea- 
tures can find safe harbourage. Unless 
special reserves, like the Kljazma Re- 
serve which was abandoned in 1951, 
are created and recreated soon, the 
desman will fast become another spe- 
cies only to be found in zoos. 

An experimental farm for moose 
(Alces alces) at Kostroma, some 200 


miles north-east of Moscow, is leading , 


the way to a new line of domestic 
meat-bearing species. Bottle feeding of 
moose calves, group rearing and feed- 
ing are giving promising results, Moose 
cows breed in captivity when they are 
16 months old. Their calves grow at a 
rate of about 300 g per day. On the 
farm they keep up this rate throughout 
the year, though wild calves do not 
usually increase in weight at all during 
the winters E.M. Dzhurovich and A. P. 
Mikhailov are confident that a signi- 
ficant new branch of livestock hus- 


d 
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bandry is just around the corner. 

The congress was not concerned 
solely with mammals from the Soviet 
Union, nor just with ecology and pro- 
duction biology. About 1,000 zoologists 
from many countries of the world took 
part in a range of seminars and sym- 
posia which covered topics such as zoo- 
geography, evolution and taxonomy, 
endocrinology and gestation, growth 
physiology, ethology, orientation and 
signalling, and the problems to be over- 
come in conserving bears and marine 
mammals. The USSR Academy of 
Science (see Nature, 249, 502; 1974) 
organised the meeting in its 250th 
anniversary year. The congress has 
significantly fostered a closer spirit of 
interaction and cooperation between 
Soviet and Western zoologists than has 
hitherto been the case. 


Antibody 
manipulation 
by malaria parasite 


from F. E. G. Cox 
Parasitology Correspondent 


WirH more than one thousand million 
potential malaria victims in the world 
it is not surprising that considerable 
attention has been paid to possible 
methods of vaccination against this 
disease. All the attempts so far, how- 
ever, have been relatively unsuccessful. 
All have involved killing or attenuating 
malaria parasites and using large 
amounts of antigen. Even then, the 
results have been variable and protec- 
tion has been limited. Many workers 
believe that vaccination against malaria 
is not possible because of the existence 
of antigenic variation and cell mediated 
responses as yet unrecognised. In fact, 
much of the basic information necessary 
for the development of a vaccine is 
already available and it may well be 
that investigations of antigenic vari- 
ation and cell mediated responses are 
irrelevant to immunity to clinical 
malaria. 

Immunity to malaria can be ex- 
plained in terms of an antibody directed 
against the merozoites while they are 
outside the red blood cells. The evidence 
for this comes from three sources. First, 
in vitro experiments carried out by 
Cohen and his colleagues at Guy's 
Hospital Medical School have demon- 
strated that parasites within their red 
cells take up *H-leucine in the presence 
of immune sera as well as they do in 
normal sera (Trans. R. Soc. trop. Med. 
Hyg., 65, 125; 1971) but that in immune 
sera the invasion of fresh blood cells is 
inhibited. They have also shown that 
merozoites bind to suitable cells 
(Nature, 244, 40; 1973) afd the pre- 
vention of this binding by immune 


sera could form the basis of immunity. 
Second, Jerusalem, Weiss and Poels, in 
a paper that has not received the atten- 
tion it deserves (J. Immunol., 107, 260; 
1971), showed that fluorescein-labelled 
antiserum injected intravenously into 
mice bound only to merozoites and not 
to intracellular parasites. Third, nobody 
has observed any damage or signs of 
changes in parasites within their cells 
during the immune response. 

If it is only the merozoites that are 
important in immunity, why is it that 
the antibodies associated with antigenic 
variation agglutinate infected cells? Part 
of the answer to this question comes 
from the work of Brown (Nature, 242, 
49: 1973) and Brown and Hills (Trans. 
R. Soc. trop. Med. Hyg., 68, 139; 1974). 
They have found that in Plasmodium 
Knowlesi infections in monkeys, in- 
fected cells are agglutinated by a non- 
protective antibody that is easily 
separated from an opsonising antibody 
associated with protection. Brown 
postulates that the agglutinating anti- 
body serves to trigger a switch in anti- 
gens and this change allows the parasites 
to survive in what should have been an 
immune host. In other words this anti- 
body has been manipulated by the para- 
site for its own ends. The opsonising 
antibody is important in protection and 
is effective against all antigenic variants 
and the relative rates of synthesis of 
these two antibodies determine the out- 
come of the infection. 

The protective immune response to 
malaria is weak and largely ineffective 
and it is unlikely that any vaccine could 
produce a better immunity than the 
natural one. Nevertheless, acquired 
immunity to malaria does occur and 
children who survive the first few years 
of their lives in malarious areas tend 
to be immune to clinical malaria if not 
to the infection itself.. A vaccine that 
could be used to see children through 
their first few years would be invalu- 
able. There is no evidence to suggest 
that cell mediated responses are im- 
portant in immunity to malaria so the 
induction of an antibody against mero- 
zoites could well be effective. Possibly 
all that is required is the antigen in- 
volved in binding merozoites to their 
host cells. As antigenic variation in- 
volves an antibody that has nothing to 
do with protection it is unlikely that 
antigenic variation would interfere with 
any protection produced as a result of 
vaccination against merozoites. 


Correction 


In the News and Views article 


“Biogenesis of surface membranes” 


(Nature, 249, 414; 1974), Dr G. 
Kreibich’s name was misspelled in 
the penultimate and last paragraphs. 
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Anthill and tiger 
counting in the 
Soviet Union 


from Vera Rich 


JUDGING from the numerous Soviet 
press and agency reports, one of the 
major tasks of Soviet ecologists and 
conservationists is the taking of cen- 
suses of various species of wild life. 
This applies not only to those species 
threatened by extinction, but of any 
that are or might prove of value to the 
economy. Thus the 1972 census of ant- 
hills in Estonia was undertaken, not 
because the Estonian ant was in immi- 
nent danger of disappearing, but be- 
cause it had been found that an opti- 
mum of 3-6 anthills per hectare in 
stands of timber checks the multiplica- 
tion of various forest pests. Similarly, 
the census currently being taken of 
sables in the Amur taiga will be used 
for improving the system of distributing 
hunting licences. Even in the case of 
threatened species, practical advan- 
tages are remembered: the Black Sea 
dolphin census (1971), which revealed 
that the dolphin population had 
doubled since the ban on hunting was 
introduced in 1965, evoked the remark 
from its director, A. Chepurnov, at a 
press conference: “The time is not far 
distant when dolphins will be used to 
drive fish into nets, to carry out marine 
rescue operations and to communicate 
with underwater laboratories”. 

The census-taking methods’ vary 
considerably in complexity. Counting 
anthills is a relatively simple task, which 
could conveniently be delegated to 
students as part of their practical work, 
but the estimation of most species is 
much more difficult. The latest (1973) 
Black Sea dolphin census, which gave 
a total of 800,000 (three times the 1965 
figure), required aircraft and seagoing 
ships and took®3 months to complete. 
The grandiose estimation of the total 
dry-land flora of the world, carried out 
by the . Botanical Institute of the 
Academy of Sciences of the USSR, 
giving a total 2,625,000 M tonne of 
phytomass, presumably involved satel- 
lite data. Sometimes a quantitative 
result seems impossible to obtain. In 
the case of the jeiran (a variety of ante- 
lope) of southern Tadjikstan, although 
“large herds” are now reported where, 
before protection, only a few isolated 
specimens were observed, no figures, 
either absolute or relative, seem to have 
been established. Presumably, so far, no 
reliable method of counting them has 
been devised. 

The same difficulty, it might be 
thought, would arise in the census of 
Amur tigers made from 1971-73 in the 
Primor’e region of the Soviet Far East, 
but an ingenious solution was found— 
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the investigators counted the tracks of 
tigers in the snow. Although at first 
glance this proposal seems to contain 
a source of confusion in the possible 
crossing and recrossing of its tracks by 
the same tiger, the photographs pub- 
lished (Prirodu, No. 12, 82-88; 1973), 
show that although snow is not the ideal 
medium for revealing the fine details 
of the pad with fingerprint clarify, 
nevertheless, in practice, little or no con- 
fusion arises. Not only did this census 
give a total of some 110-120 tigers in 
the area (the figure for the 1940s was 
30-40), but it revealed a number of sig- 
nificant details about the habits of 
tigers in the region. 

Now that the Primor’e is being in- 
creasingly opened up for forestry, and 
the like, the tigers seem to be entering 
into a cautious symbiosis with man. 
(The Amur tiger is not a man-hunter; 
on the contrary, it is easily scared off 
by shouting and arm-waving.) The 
tigers make use of forest roads used 
for hauling timber, and seem to have 
no fear of tractors and automobiles. 
They appear, and may even hunt, rela- 
tively close to settlements and motor 
roads, and observe human activity from 
a distance of several metres, If dis- 
turbed after hunting, they will drop 
their prey, but are ready to return to 
it, even if it has been touched by 
human hand. And, since the presence 
of tigers causes a rapid disappearance 
of wolves from the area, the opening 
up of the Primor’e is in no way ham- 
pered by the protection of the tigers— 
indeed, their presence may prove an 
advantage. Providing, therefore, that no 
illegal tiger shoots take place—a condi- 
tion which, it is admitted, is hard to 
guarantee—there seems no reason in 
principle why the tigers should not con- 
tinue to flourish in these new conditions 
of coexistence. 


Membrane proteins 
and serum lipoprotein 


from a Correspondent 

UNTIL recently, discussions ef mem- 
brane structure centred around the 
concept of the unit membrane. The 
model envisaged was a lipid bilayer 
with hydrophilic proteins restricted to 
the outer surfaces where they were 
attached by electrostatic, non-covalent 
forces. Although this model was use- 
ful for explaining the similarities in 
physical and chemical properties be- 
tween artificial lipid bilayers and nat- 
ural membranes, it failed to account 
for all the proteins known to be associ- 
ated with the membrane. This led sev- 
eral workers, notably Singer and 
Nicolson (Science, 175, 720; 1972), to 
postulate that globular proteins pene- 
trate into or through the lipid bilayer. 
This idea has been widely accepted as 


a sound working hypothesis, but the 
mode and distribution of the proteins 
in the plane of the membrane are still 
controversial. It has been convenient 
to divide membrane proteins into two 
groups; extrinsic proteins remain 
largely on the aqueous side of the 
membrane attached by electrostatic 
forces which can be disrupted by dilute 
salt solutions whereas intrinsic proteins 
make substantial contact with the 
hydrocarbon region of the lipid bilayer 
and can only be disrupted by use of 
ionic detergents. In practice, however, 
this distinction is difficult to apply to 
any protein because of the lack of 
structural information. 

The human erythrocyte has occupied 
a central position in membrane re- 
search due to the ease of obtaining 
large quantities of membrane ghosts 
free of haemoglobin. By SDS gel elec- 
trophoresis, more than 20 membrane 
protein bands have been resolved (see, 
for example, Fairbanks ef al., Bio- 
chemistry, 10, 2606: 1971) but, with 
few exceptions, the types and func- 
tional roles of the proteins have re- 
mained obscure. In particular, the 
presence of proteins with an apparent 
molecular weight in excess of 200,000 
and apparently not dissociable into 
smaller subunits by treatment with 
thiols or detergents has been rather 
enigmatic. One would expect that in- 
trinsic proteins would have more non- 
polar amino acids than do hydrophilic 
globular proteins, but differences have 
not been impressive. Furthermore, in- 
trinsic proteins should have relatively 
short hyrophilic sequences capable of 
reacting with lipids. Glycophorin, the 
major glycoprotein of the human 
erythrocyte, contains a peptide chain 
of 203 residues which completely spans 
the membrane and has a portion of 
23 residues devoid of charged groups 
(Segrest et al., Biochem. biophys. Res. 
Commun., 49, 964; 1972); but the 
applicability of this situation to in- 
trinsic protein in general cannot be 
assessed at present. 

The erythrocyte membrane is not 
the only system where one can find 
lipids and proteins in close association 
readily accessible for extensive study. 
The circulating plasma lipoproteins are 
important sources of avidly bound lipids 
and proteins that are not membrane 
bound. In a recent issue of Biochimica 
Biophysica Acta (342, 213; 1974), Lang- 
don now reports that the apoproteins 
of plasma lipoproteins are major con- 
stituents of the human erythrocyte 
membrane. 

Langdon’s evidence comes from both 
immunological and chemical analysis 
of the membrane proteins. Purified, 
packed erythrocyte ghosts were treated 
with sodium dodecyl sulphate to solu- 
bilise intrinsic proteins. Then the 
preparation was subjected to double 


This strange-looking beast is a male 
dung beetle new to science. It has been 
named Amphistomus primonactus by 


Matthews of the South Australian 
Museum, Adelaide, who discovered it 
in the Dorrigo National Park. Its 
reduced hind body and exaggerated 
tuberculosity may be a consequence of 
wing reduction, It is inconspicuous and 
secretive, like the other wingless species 
of Amphistomus, and is abundant in 
closed forest leaf litter. It seems to have 
a very localised distribution (see Aust. 
J. Zool., Suppl. Ser., No. 24, 1-211; 
1974). 





immunodiffusion on agar plates against 
antiserum to human density lipopro- 
tein (apo HDL) and low density lipo- 
protein apoprotein (apo LDL). Strong 
precipitin lines indicated that the mem- 
brane proteins are related immuno- 
logically to both types of apoprotein 
(appropriate controls eliminated the 
possibility of non-specific precipitation). 
To determine whether the antigenic 
determinants resided in more than one 
molecular weight class, the membrane 
proteins were fractionated by Sephadex 
gel chromatography and examined by 
immunodiffusion. Although each pro- 
tein class contained several proteins 
it was nevertheless noteworthy that 
antigenic determinants for both apo 
HDL and apo LDL antisera were 
present in all of them. Further tests 
showed that nearly half of the total 
membrane proteins are accounted for 
by the sum of the proteins reacting as 
the apo HDL and apo LDL and that 
probably antigenic determinants for 
both tested apoproteins are present in 
at least one protein molecule. 

In order to fortify the immuno- 
logical evidence with chemical evi- 
dence, end group analyses were per- 
formed. The membrane proteins were 
dansylated and hydrolysed and the re- 
sultant amino acids were analysed by 
quantitative two-dimensional polya- 
mide chromotography. As expected, 
the major NH: terminals were aspartic 
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and glutamic acids, characteristic of 
apo HDL and apo LDL, respectively. 
Together they constituted 40% of the 
NH: terminals, a fact which agrees 
well with the immunological data, if 
it is assumed that most of the glutamic 
and aspartic acids are present as the 
NH. terminals of the apoproteins in 
the membrane. COOH terminals were 
determined by standard techniques and 
the results showed that these too were 
rich in terminal residues characteristic 
of the serum lipoprotein apoproteins. 
To discover whether the apoprotein 
NH. terminals were distributed over 
various molecular weight sizes, a por- 
tion of dansylated membrane proteins 
was fractionated by SDS electrophore- 
sis and the amino acids from each 
band chromatographed on polyamide. 
The results showed that the character- 
istic NH: terminals of serum apopro- 
teins were distributed over a wide 
range of molecular sizes, in agreement 
with the immunological data. 

The pattern of the NH: terminal 
amino acids together with certain of the 
immunological data and the high mol- 
ecular weights observed led Langdon 
to consider that the apoproteins may 
be linked in the membrane to form 
larger molecules. Previous work had 
shown that disulphide links are not 
present in membrane proteins so Lang- 
on investigated the possibility of lysine- 
derived crosslinks, more usually found 
in connective tissue (Biochem. biophys. 
Acta, 342, 292: 1974). He indeed found 
positive evidence for such links using 
chemical techniques similar to those 
used for examining proteins like 
collagen and elastin. 

Langdon’s data pose some intriguing 
and important questions. Are serum 
lipoprotein apoproteins the major in- 
trinsic proteins of the erythrocyte by 
virtue of their affinity for lipids? And 
do they form a structural basis for 
the covalent attachment of enzymes 
and other protein types? Are the apo- 
proteins synthesised in the haemo- 
poietic system during erythropoiesis or 
are they derived from circulating lipo- 
proteins? If Langdon’s results.are con- 
firmed, they could have far-reaching 
implications in both membrane bio- 
chemistry and in cardiovascular re- 
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Functions of the 
+ 

cell periphery 
by Peter Newmark 
By shrewd invention of a title the 
organisers of a discussion meeting held 
at the Royal Society on June 19-20 
managed to attract a diverse range of 
speakers on the pericellular environ- 
ment and its regulation in vertebrate 
tissues. Within this framework many 
topics were touched on although most 





contributions were concerned with con- 
nective tissue cells and matrix. 

The problems of understanding the 
metabolism of the matrix are based 
partly on the complexity of its com- 
ponent proteoglycans, glycosaminogly- 
cans and tensile fibres and partly on 
separating the synthetic and degredative 
parts that connective tissue cells play in 
the turnover of the matrix. H. Muir 
(Kennedy Institute for Rheumatology, 
London) reported on the disproportion- 
ate importance of the minute amounts 
of hyaluronic acid recently shown to 
be present in cartilage matrix. It seems 
that the distinct proteoglycan aggregates 
found there are formed by virtue of the 
affinity of one end of the proteoglycan’s 
core protein for multiple sites on the 
hyaluronic molecules. An additional 
important role for hyaluronic acid in 
cartilage is implied by the demonstra- 
tion that it inhibits the production of 
proteoglycans by chondriocyte suspen- 
sions, possibly by means of a cell mem- 
brane effect. 

The role of the membrane in matrix 
turnover was also raised by the studies 
of J. T. Dingle (Strangeways Research 
Laboratory, Cambridge). In addition to 
reporting on two new cathepsins that 
may play a part in proteoglycan break- 
down, he also elegantly demonstrated 
that cathepsin D is localised on or 
around the cell membrane during its 
stimulated secretion from cells. A 
functional importance of this pheno- 
menon was suggested by it also being 
demonstrated in cartilage taken from 
human rheumatoid arthritic joints. The 
importance and site of action of the 
cathepsins, all of which have an acidic 
pH optimum, however, remain to be 
elucidated. 

P. Davies (Clinical Research Centre, 
Harrow) drew parallels between the 
development of glomerular nephritis 
and asbestosis. The activation of lyso- 
somal enzymes by immune complexes 
in the first case and by asbestos particles 
in the second disease can result in the 
breakdown of the basement membrane. 
This, perhaps with contributory mech- 
anisms, can trigger off the overprolifera- 
tion of epithelial cells and thickening 
of the basement membrane that is 
associated with both diseases. Cell pro- 
liferation, in this case of the arterial 
smooth muscle cells, was also one of 
the topics discussed by R. Ross (Uni- 
versity of Washington). When grown 
in culture, these cells, like so many 
others, only proliferate in the presence 
of serum. It seems, however, that the 
important growth factor(s) is initially 
derived from platelets. The importance 
of this factor could be that, when 
released from platelets at a site of 
arterial injury, it causes the local pro- 
liferation of subendothelial cells in 
atherosclerosis. 

In a speculative vein J. E. Scott 
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(MRC Rheumatism Unit, Taplow) con- 
templated the evolutionary forces that 
may have determined the universality 
of polyanionic carbohydrates in cell 
membranes and matrix. In prebiotic 
times they would have produced an 
excellent shield against radiation- 
produced hydrated electrons, with the 
advent of aerobic conditions they would 
still be very stable; and, finally, they 
possess excellent properties for with- 
standing the wear and tear to which 
extracellular molecules are subjected. 
In his continuing studies of cell-cell 
recognition, M. M. Burger (University 
of Basel) has recently turned his atten- 
tion to a model system, the sponge. 
Suitable treatment of sponge cells 
results in their releasing an aggregation 
factor and a base plate. H the latter is 
covalently attached to cell-sized solid 
beads, the addition of the aggregation 
factor and calcium results in bead 
aggregation. This neat system promises 
to assist in the elucidation of the 
molecular basis of cell interactions. 


Orientation to 
odours by insects 


from our Insect Physiology Correspondent 
Ir has long been known that insects fly 
upwind to attractive odours—-mosquitos 
finding their hosts, drones locating the 
queen bee, fruit flies seeking fermenting 
frur—and that the maintenance of the 
direction of flight is a visual response 
to the pattern of the ground below. In 
other words that anemotaxis in the 
flying insect is an optomotor response. 
But a year or two ago (Science, 173, 67; 
1972; 180, 1302: 1973) Farkas and 
Shorey claimed that in response to the 
sex pheromone of the female, flying 
males of the pink bollworm moth 
Pectinophera are guided by a chemo- 
tactic mechanism which can operate 
in still air. The existence of such a 
mechanism of „oriented flight in the 
absence of a moving air stream (as 
opposed to a kinetic mechanism depen- 
dent on gradients in the concentration 
of odour’, or a visually oriented mech- 
anism in an air stream) could be 
disturbing for accepted theories of 
orientation by flying insects. 

Kennedy and Marsh now point out 
(Science, 184, 999; 1974) that in the 
experiments of Farkas and Shorey the 
males were already in flight and may 
already have been oriented anemotac- 
tically before the air stream was stop- 
ped. They have therefore repeated the 
experiments on males of the dried fruit 
moth Plodia interpunctella and related 
moths: the movements of the insects 
were accurately recorded in a wind 
tunnel and the results were analysed 
statistically. The flight of male insects 
in a stream of air in a wind tunnel 
could be completely controlled by the 
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Two 3 s flight tracks (based on video- 
tape records) of the same male Cadra 
cautella after its arrival by upwind 
flight at a point 0.50 m from a source 
of female scent, To the left (a): the 
source remained throughout the upwind 
position marked by the star. To the 
right (b): the source was removed as 
soon as the male reached the level of 
the arrowhead so that the male entered 
unscented air after travelling approx- 
imately 0.15 m further upwind. (Scale: 
0.15m.) 


movement of black and yellow stripes 
on the floor. If the stripes were station- 
ary the males flew upwind against the 
stream of odour from the female; if the 
stripes moved downwind above a 
certain velocity the flying male also 
was carried downwind. If the odour 
was suddenly removed while the male 
was in flight, but the odourless air 
stream continued, the male arrested its 
upwind flight and flew at right angles 
to the air stream, casting to and fro 
over a progressively widening band 
(see figure). This response was un- 
changed if one antenna was removed, 
which would not have been the case if 
a chemotropotactic mechanism were 
involved. 

It seems, therefore, that an odour- 
controlled optomotor anemotaxis is still 
the most plausible mechanism to 
account for the response of the male 
moth to the sex pheromone of the 
female; and that the side to side cast- 
ing when the odour trail is lost, which 
had been noted in the past, is an im- 


portant element in the optomotor 
reaction. 

Anchoring the Ig 
molecule 


from a Correspondent 


Ir is generally accepted that immuno- 
globulin (Ig) acts as the antigen recog- 
nition unit at the surface of bone 
marrow-derived (B) lymphocytes. The 
chemical homology between the mem- 
brane-bound Ig and the molecules 
secreted by the activated antibody- 
forming B cell is unknown although 
this must be considerable since the 
surface-bound Ig component can be 
detected if serum reagents specific for 
both variable and constant regions of 
the soluble secreted molecules are 
used. This raises the problem of how 
a soluble Ig glycoprotein molecule is 


adapted to perform a function which 
requires firm attachment to the cell 
surface membrane. In many integral 
membrane proteins and glycoproteins 
a small hydrophobic segment of pep- 
tide anchors the rest of the molecule 
into the lipid bilayer of the membrane. 
It is possible certainly that the poly- 
peptides of surface Ig contain an extra 
stretch of amino acids suitable for this 
purpose. If the two or three well 
studied examples of membrane proteins 
are considered, these amino acids 
would be located at the carboxyl ter- 
minal of heavy chains in the constant 
(Fc) portion of the molecule, 

An alternative method for anchoring 
an essentially water soluble compon- 
ent to a membrane involves attachment 
to an integral membrane component 
with a recognition site for some part 
of the soluble protein. This method is 
favoured by Ramasamy et al. (Nature, 
249, 573: 1974) for surface-bound Ig. 

B lymphocytes as well as macro- 
phages, mast cells and polymorpho- 
nuclear cells possess surface receptors 
for the constant (Fc) portion of Ig. It 
is proposed that these receptors tightly 
bind Ig molecules to the B cell surface 
in such a way that the antigen binding 
sites of the variable region of Ig ex- 
tend into the extracellular space and 
are available to specific antigen. The 
murine plasma cell tumour MOPC 
21 (P3) secretes IgG1 kappa molecules 
in culture, a small proportion of which 
may be assumed to bind to and satur- 
ate the putative Fe surface receptors. 
Indeed, no Fe receptors are detectable 
on these cells. Mutants blocked in Ig 
secretion, however, can be obtained 
and these also carry no surface Ig 
molecules. Ramasamy et al. argue that 
in these cells the Fe surface receptors 
should be demonstrable and this proved 
to be the case. That is to say there 
is in general an inverse correlation 
between the presence of surface Ig 
and Fe receptors. 

The surface Ig of mouse B lympho- 
cytes is probably monomeric IgM, and 
it seems that the secreted pentameric 
IgM may have decreased affinity for 
Fe receptors since secreted IgM only 
weakly inhibits Fe rosettes on B cells. 
The interaction of Ig with Fe recep- 
tors also seems in some cases to require 
intact Ig carbohydrate units. Williams 
et al. (J. Immunol., 111, 1690; 1973) 
have treated rabbit IgG preparations 
with an endo-8-N-acetylglucosamini- 
dase from Diplococcus pneumaniae. 
About a half of the carbohydrate, 
present largely in the Fe portion of 
the Ig molecule, is removed. The bac- 
terial agglutinating activity of anti- 
pneumococcal IgG was unaffected by 
this treatment whereas complete loss 
of opsonic activity occurred. Similarly 
several treated IgG preparations had 
markedly decreased ability to inhibit 


15 


rosette formation between human 
monocytes (carrying surface Fe recep- 
tors) and IgG-coated erythrocytes. Not 
all IgG preparations were affected in 
this way. however, (for example, anti- 
streptococcal), although similar 
amounts of carbohydrate were removed 
by the glycosidase. 

The reason for this finding is not 
clear. Since it cannot yet be excluded 
that the detailed carbohydrate struc- 
ture of Ig molecules may differ accord- 
ing to species or possibly with the 
particular cell clones activated to pro- 
duce antibody, it seems likely that the 
type of carbohydrate structure left be- 
hind on the treated Ig molecule may 
also vary. In some cases the biologi- 
cally relevant sugar sequences might 
not be removed by glycosidase treat- 
ment. Further work using additional 
enzymes will be required to remove 
more than half of the carbohydrate, 
leaving the Ig polypeptide chains in- 
tact. Only then will it be feasible to 
decide if significant differences in the 
mechanisms for oponisation and phago- 
cytosis of different bacteria exist rather 
than the simpler explanation that 
differences in carbohydrate structure 
occur in Ig molecules of different 
specificities. 


Terminal sequences 
of animal virus RNAs 
from Alan E. Smith 


To date, attempts to sequence the RNA 
of animal viruses have lacked the 
spectacular success of bacteriophage 
RNA sequence work. This is largely 
because of the difficulties encountered ` 
with animal viruses in obtaining either — 
highly labelled RNA for analysis by the: | 
Sanger technique or large amounts of 

RNA for sequence determination by 

more classical methods. Nevertheless, — 
methods are being developed to over- 

come these problems and among the 

most successful are the techniques for 

the enzymatic introduction of radio- 

active phosphate into specific positions 

within viral RNA molecules. 

Silkworm cytoplasmic polyhedrosis 
virus (SCPV) contains ten pieces of 
genomic double-stranded RNA, and in , 
this and other respects it is very similar 
to the more familiar reoviruses. Some, 
time ago the nucleotides present at the 
ends of reovirus double-stranded RNA 
were determined by isolating “’P- 
labelled viral RNA and subjecting this 
to Sanger RNA sequencing techniques. 
All ten fragments of reovirus were 
found to have a 5’ terminal guanosine 
5’ diphosphate followed by a pyrimidine 
residue (J. molec. Biol., 61, 643-653; 
1971) and a 3’ terminal cytosine 
(Nature new Biol., 232, 114-115; 1971). 
Each genome fragment therefore 

















seems to have a perfect duplex form. 
In a recent issue of the Journal of 
Molecular Biology (85, 31-48; 1974) 
Miura, Watanabe and Sugiura report 
a similar analysis of silkworm cyto- 
plasmic polyhedrosis virus. To avoid 


‘the difficulties in labelling silkworms 


with “P to produce radioactive virus, 
the isolated viral RNA was treated 
with phosphomonoesterase to remove 
any 5° phosphates and then labelled in 
the 5 OH position using polynucleo- 
tide kinase and [yP] ATP. The native 
double-stranded RNA molecules proved 
very difficult to label by this method, 
however, and to achieve efficient 


Jabelling Miura er al. first removed 
chemically two or three residues from 


‘the 3° end of the molecules, thus 
exposing a short single-stranded 5’ 
terminal region. Presumably such 


single-stranded tails are much more 
accessible to enzymatic modification, 
The labelled molecules were then 
analysed by ribonuclease digestion 
followed by column chromatography. 
Two 5° termini were found and were 
identified as A*GU and GGC. The 
identity of the 5’ terminal base A* is as 
yet uncertain but it is probably an 
adenosine residue with a modified 2’ 
OH group. Such modified bases, 
although a common feature in transfer 
RNA molecules, are rare in viral 
RNAs. The 5’ terminal sequences are 
consistent with perfect duplex forma- 
tion in the SCPV genome since the 
same authors have previously identi- 
filed cytosine and uridine as the 3’ 
terminal bases. 

To determine whether all of the 
double-stranded genome segments con- 
tain both 5’ terminal sequences or if 


some fragments contain symmetrical 


ends, all of the ten genome segments 
were separated on polyacrylamide gels 
and then individually subjected to end- 


group analysis. This showed that 
every fragment contains both sequences 
and suggests that each has the 
structure 

“A GU Pu C C” 

“U C Pu C G G* 


As with reovirus, silkworm cytoplasmic 
polyhedrosis virus particles contain an 
RNA-dependent RNA polymerase 
which actively transcribes the double- 
stranded RNA into messenger RNA 
in vitro.. All ten mRNA molecules 
made in vitro by the reovirus enzyme 


3 _ begin with ppG (Banerjee, Ward and 


S - Shatkin, Nature new Biol., 230, 169- 


172; 1971). Further sequence data on 
highly labelled mRNA made from the 
smaller double stranded RNA seg- 
ments has been presented by Nichols, 


Hay and Joklik (Nature new Biol., 


235, 105-107; 1972). Some 5’ terminal 
guanosine triphosphate as well as 


: 2 ‘diphosphate was detected in this study, 
=o but no protein 
=: codon was present within the first 25 


synthesis initiation 
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A larger Gondwanaland? | 


from Peter J. Smith 
Geomagnetism Correspondent 
ALTHOUGH the principal features of 
the ancient supercontinent of Gond- 
wanaland are now widely accepted, 
there are still some details (if whole 
countries may be so regarded) and 
disagreements to be settled. One out- 
standing problem, for example, con- 
cerns the present position of the 
continental crust which once lay 
between Australia and India. Some- 
what less of a problem in many 
people’s eyes is the nature of the 
present join between India and the 
rest of Asia. Dewey and Bird (J. 
geophys. Res., 75, 2625; 1970) sug- 
gested that the Himalayas resulted 
from continental collision; and such 
has been the influence of the article 
in which this proposal appeared that 
some of the difficulties with this 
interpretation have perhaps not been 
given the attention they deserve. 
At least, that seems to be the 
view of Crawford (Science, 184, 
1179; 1974) who cites Meyerhoff’s 
claim (J. Geol., 78, 1; 1970) that 
there is evidence against India’s 
colliding with the rest of Asia. Cer- 
tainly, there are problems here, 
which is why Powell and Conaghan 


5’ terminal residues sequenced. 

Shimotohno and Miura (J. molec. 
Biol., 83, 21-30; 1974) now report 
that the 5° sequence of the RNA made 
by the silkworm virus enzyme is 
ppAGPy, and this unique sequence is 
present in the mRNA transcribed 
from each of the genome fragments. 
This indicates that transcription to 
make.mRNA begins at the first base 
of each molecule, reading from the 
strand with the 3’ OH sequence PuCU. 
Perhaps the unusual base at the 5’ end 
of the complementary chain plays some 
part as a recognition site for the bind- 
ing of the polymerase molecule. 

It would be interesting to determine 
whether the 5’-terminal A in mature 
mRNA is modified, since the presence 
or absence of such a modification might 
be used to distinguish between mole- 
cules destined to be messengers from 
those making up progeny genomic 
RNA. So far studies on reovirus multi- 
plication have shed no light on the 
distinction between transcription te 
give mRNA and replication to give 
double-stranded RNA, nor on how they 
are controlled relative to one another. 
Apparently, the presence of poly (A) in 
the mRNA species cannot be used as a 
distinguishing feature since reovirus 
mRNA does not contain this append- 
age (J. biol. Chem., 248, 7993-7998; 
1973). 


(Earth planet. Sci. Lett., 20, 1; 1973) 
recently proposed that although the 
Himalayan mountain chain is basi- 
cally of the collision type, it was not 
formed as a direct result of the 
collision. But Crawford, who at the 
time of writing was apparently un- 
familiar with the Powell-~-Conaghan 
model, goes further in proposing 
that the Himalayas formed intra- 
continentally and arguing against 
collision on the grounds that the 
Indus Suture Line, “if it is the relic 
of oceanic subduction preceding 
collision, lies on the wrong side of 
the Himalayas”. 

In Crawford’s reconstruction, 
Gondwanaland was originally larger 
than is usually supposed and in- 
cluded Tibet, the Tarim Basin block 
and parts of northern China, It was 
Tibet, in fact, which lay between 
India and western Australia in the 
form of submerged continental 
crust. The Indus Suture Line is then 
seen as “a relic of a Permojurassic 
oceanic opening to the mantle” 
which closed at the end of the 
Jurassic. The Himalayas later de- 
veloped along fractures which had 
formed parallel to the opening of 
the Indus Suture Line. 


Precursors 
of strike-slip l 
faulting 


from Peter J. Smith 
Geomagnetism Correspondent 


THE travel-time residuals of seismic 
waves—the differences between ob- 
served arrival times and the correspond- 
ing arrival times computed using a 
standard Earth model-——are due (in addi- 
tion to random experimental errors) 
partly to, imperfect source determina- 
tion and partly to differences in velocity 
between the real Earth and the assumed 
model. But if at a particular seisograph 
station the residuals from many sources 
at many different locations are aver- 
aged, the random errors associated with 
particular wave paths and particular 
sources should cancel out, thereby 
making it possible to isolate the 
common part of the residuals arising 
from velocity deviations in the crust 
beneath the station. If the seismic 
events concerned are also well distri- 
buted in time, it should then be pos- 
sible to determine any secular varia- 
tions in the near-station contribution to 
the residuals, and even to determine 
changes in the near-station crustal 
velocity (given the source volume). 
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Applying this technique to 3,000 P 
wave residuals for events in the Mat- 
sushiro area of Japan during the period 
1960-1968, Wyss and Holcomb (Nature, 
245, 139; 1973) were able to show that 
the Matsushiro series of earthquakes 
of 1965-1966 had been preceeded by an 
anomalous decrease in P wave velocity 
in the source region. Specifically, the 
P wave residuals began to increase 
significantly from the long term aver- 
age of —1.25 s around October 1962 
(about 3 years before the earthquake 
series began), representing a decrease 
in P wave velocity near the Matsushiro 
station of about 20% (assuming a 
source volume with a radius of about 
16 km). The residuals then returned to 
within one standard deviation of the 
long term average about 330 d before 
the Matsushiro swarm began and about 
“710 d before the swarm’s principal 
energy release. 

At the time that Wyss and Holcomb 
were carrying out their analysis they 
were apparently aware that premoni- 
tory changes in seismic velocity in 
earthquake source regions had already 
been observed in the Soviet Union, 
New York State and the Transverse 
Ranges of southern California; and so 
in that sense they were neither report- 
ing a new phenomenon nor pointing 
out for the first time its possible appli- 
cation to earthquake prediction. On 
the other hand, the Matsushiro result 
was more than just another example of 
a known effect, for it was the first time 
that premonitory velocity changes had 
beert observed before strike-slip fault- 
ing. | 

Not the least interesting aspect of 
this discovery was that, at about the 
same time, several groups of workers 
were attempting, and apparently fail- 
ing, to find comparable premonitory 
changes along the active central section 
of the San Andreas fault—and Nur er 
al. (Stanford Univ. Publs geol. Sci., 13, 
391: 1973) had even suggested that the 
explanation for velocity changes in 
terms of dilatancy may not be appli- 
cable generally to strike-slip faults. 

But all that has now changed, for 
Robinson et al. (Science, 184, 1281: 
1974) report that, using P wave resi- 
duals as indicators, they have been able 
to observe changes preceeding the 
Bear Valley earthquake of February 
24, 1972 (surface magnitude, 5.0). The 
travel-time residuals analysed were 
from small local earthquakes which 
occurred along the Calaveras fault 
north-west of the Bear Valley region 
between June 1, 1971 and May 30, 197? 
and which had been located precisely 
using the US Geological Survey’s net- 
work of seismograph stations, excluding 
the three station (BVL, which lies 
almost above the focus of the Bear 
Valley earthquake, and the nearby EKH 
and JHC) at which the residuals them- 


selves were observed. In all, 49 shocks 
were observed sufficiently well at BVL 
and a slightly smaller number at each 
of the other two stations. 

The expected range of ‘normal’ resi- 
duals about their mean value was 
+0.15 s; and for most of the one year 
observation period, residuals were 
indeed within these limits. But between 
late December 1971 and late January 
1972 the residuals at BVL were anom- 
alously high at about 0.3 s above nor- 
mal values and, in the statistical sense, 
significantly higher on average than the 
mean for the preceeding 7 months. As 
the eight events within the anomalous 
period covered a distance range of 50 
km (20-70 km), a magnitude range of 
2.7 (0.7-3.4) and a depth range of 7 
km (2-9 km), and were apparently no 
different in such respects from the other 
events, there seems little reason to 
doubt that their anomalous nature 
represents a genuinely precursory indi- 
cation of the February 24, 1972 earth- 
quake. 

Unfortunately, data from the other 
two stations were ambiguous, with only 
two of the seven residuals within the 
December-January period at EKH and 
none of the five corresponding resi- 
duals observed at JHC lying outside the 
0.15 s limit, and so to that extent con- 
firmation was lacking. But accepting the 
BVL results, Robinson and his collea- 
gues conclude that the anomalous 
changes in residuals are equivalent to 
a 10-15% decrease in P wave velocity 
within a volume having the same radius 
(7 km) as the observed aftershock 
zone. This decrease began 60-53 d 
before the Bear Valley shock itself, 
which is consistent with the time scale 
deduced for a magnitude 5.0 event 
using other methods. And as seems to 
be usual in such circumstances, the 
velocity returned to its normal value 
before (in this case several weeks 
before) the onset of the main event, 
although the data are not sufficient to 
indicate whether this return was sudden 
or gradual. 

Naturally, this result raises the inter- 
esting question of why other workers 
(using different methods) have failed 
to observe premonitory changes, even 
when investigating the same earth- 
quake: McEvilly and Johnson (Science, 
182, 588: 1973) for example, examined 
the stability of P wave travel times 
along a path passing about 10 km north 
of Bear Valley, and concluded that the 
1972 Bear Valley shock was preceeded 
by no significant changes. In this case, 
however, failure seems to have been 
simply a matter of bad luck. McEvillv 
and Johnson made use of quarry blasts 
as sources: but unfortunately, as Rob- 
inson et al. point out, no blast actually 
took place during the anomalous period 
now recognised from the BVL 
residuals. 





Octupole states 
in cadmium 


from Peter E. Hodgson 
Nuclear Theory Correspondent 


THE energies, spins and wavefunctions 
of low lying nuclear states can often 
be calculated from a simple model, and 
it then becomes particularly interesting 
to see if they can be found experi- 
mentally. If some of them are pre- 
dicted by one model but not by 
another, they become important for de- 
ciding which of the models is to be 
preferred. 

An example of such a state is the 37 
octupole state expected on the collec- 
tive vibrational model at about 2 or 3 
MeV in heavy nuclei. Such states had 
been found in the even isotopes of 
cadmium, and this was accepted as evi- 
dence for the collective nature of these 
nuclei. 

Collective states are strongly excited 
by inelastic scattering. The energies of 


the inelastically scattered particles give 


the energies of the nuclear states, and 
their angular distributions and inten- 
sities give the quantum numbers and 
strengths of the states. In the case of 
vibrational nuclei the strength of a 
state is related to the dynamic defor- 
mation, The work on “Cd showed a 
3~ state at 1.9 MeV with a strength 
similar to that expected from the col- 
lective model. 7 

This has now been challenged by 
some accurate new measurements by 
Gill and colleagues at the University 
of Alberta (Phys. Rev. Lett., 32, 889; 
1974) of the energies of the y rays 
emitted after the inelastic scattering 
of neutrons by ‘Cd. As shown in 
Fig. 1, they found y rays of 1,404, 1,409 
and 1,416 keV, corresponding to the 
decay of states at 1,917, 1,923 and 
1.930 keV to the state at 513 keV: 
None of these states decays to the 
ground state to a detectable degree. 
Thus, what was previously interpreted 
as a single 37 state is now resolved 
into three separate states with quite 
different properties. As shown in Fig. 2, 
the sum of the inelastic scattering 
cross sections to these three states is 
similar to that expected from a single | 
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Fig. 1 Spectrum of y rays after the 

inelastic scattering of neutrons by 

18Cq_ slowing the line at about 1,410 
keV resolved into three peaks. 











go state, but individually they corres- 


pond to 0° states. Thus the evidence 
>o previously interpreted as indicating a 
single 37> state is now re-interpreted in 


- quite a different way. There is no other 

-state in the required energy region that 
could plausibly be interpreted as the 
+o required 3~ collective state, so the evi- 
dence for the collective nature of this 
nucleus is weakened. 

This result is important for the 
understanding of the structure of cad- 
mium, but it has several wider impli- 
cations. First, it is a reminder of the 
importance of precision in physical 
measurement. Time and again in- 
creased precision does not merely 
sharpen the picture, but reveals wholly 
unexpected details that oblige one to 
adopt a completely new interpretation. 
Second, it is a reminder of the pro- 
visional nature of much of the day-to- 
. day details of scientific work, particu- 
~~ larly on the frontiers of knowledge. In 


=o go many cases scientists build ideas on 
= quite flimsy and scattered evidence; it 
is right for them to do this provided 

they realise how subject it is to re- 


vision in the light of new information. 
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Fig. Z Excitation functions for the 
total cross sections for the excitation 
of the states of 1,917, 1,923 and 1,930 
keV by inelastic neutron scattering. 
The sum of the individual intensities 1s 
compatible with 37, but individually 
they cannot be 3- and are likely to be 





It is never sufficient to be satisfied 
with an interpretation that explains 
the incomplete set of experimental 
data available. Every consequence of 
an interpretation needs to be tested as 
rigorously as possible, and even then 
one must be prepared for the new un- 
expected result that calls it all in 
question again, 


Acceptable 
radiation exposure 


from J. R. A. Lakey 


Tne chairmen of both the International 
Commission on Radiological Protection 
(ICRP) and its counterpart on Radia- 
tion Units and Measurements (CRU) 
were opening speakers at the Society 
for Radiological Protection Interna- 
tional Symposium held at Aviemore, 
Scotland from June 2 to 6. These two 
commissions provide the ground rules 
for all aspects of radiological protec- 
tion and both place considerable stress 
on the measurement of radiation and 
its interpretation. 

C. G. Stewart (ICRP) opened the 
symposium with a statement on the 
ICRP recommended Investigation 
Levels and Derived Working Limits and 
described these as signposts to direct 
action which could also be used as 
criteria for discarding unnecessary in- 
formation. Radiation exposures ex- 
ceeding these levels demand more 
careful consideration and higher ac- 
curacy of measurement. J. Dunster 
(National Radiological Protection 
Board, Harwell) endorsed this thesis 
and said that errors of a factor 2 are 
acceptable in some radiation measure- 
ments but this does not excuse lack of 
clarity in thought on the part of the 
health physicist. 

P. J. Campion (National Physical 
Laboratory, Teddington) described 
metrology as the cornerstone on which 
all advances in radiological protection 
could be built. In addition to the 
necessity for instrument calibration he 
stressed the need for a strict hierarchi- 
cal structure so that the calibration of 
a particular instrument could be 
traced back to the national standard. 
R. Maushart (B. F. Vertriebes, Karl- 
sruhe) appealed for standardisation of 
the methods of using intruments so 
that calibration is not an end in itself. 

H. L. Wyckoff, the chairman of the 
ICRU (Washington DC) presented an 
elegant resumé of the quantity of dose 
equivalent which has been jointly de- 
veloped by his commission and the 
ICRP. This quantity is expressed in 
the rem unit, derived from the ab- 
sorbed dose with corrections depending 
on the nature of the radiation. 

R. H. Mole (MRC Radiobiology 
Unit, Harwell) agreed that a relation- 





Nature Vol. 250 July 5 1974 


ship must exist between the absorbed 
dose of radiation and the degree of 
probability of an effect on the ex- 
posed person. Philosophical problems 
emerge when risks to population are 
computed by the summation of risks 
to individual members. It is particu- 
larly difficult to place these computed 
population risks into perspective and 
a great deal has yet to be learned 
about public acceptance of these esti- 
mates. On the other hand the concept 
of risk or detriment to an individual 
organ of the body is useful for the 
summation of radiation exposure to 
the body due to intake of a single 
radiosotope. J. Vennart (MRC Radio- 
biology Unit, Harwell) said that this 
estimate of risk could be derived from 
the forthcoming ICRP recommended 
Maximum Permissible Annual Intake 
which is to replace the less satisfactory 
Maximum Permissible Body Burden. 
He said that the commission would 
also publish Derived Air Concentra- 
tions but there was to be no attempt 
to give limits for drinking water for 
occupationally exposed persons, who, 
after all, consume the same water as 
the public. 

The legal attitude to radiation pro- 
tection varies between countries to the 
extent that the radiation worker could 
be restricted in mobility and so the 
European Economic Community aims 
to improve this situation through its 
directives to member countries. These 
proposals, summarised by P. Recht 
(EEC), are expected to involve some 
changes in United Kingdom legislation 
in spite of the common ICRP basis. 
A. W. Kenny (Department of the En- 
vironment, London) also showed that 
the EEC would become a new factor 
in the control of radioactive waste. 
The UK aproach presented by A. 
Preston (Fisheries Laboratory, Lowes- 
toft) is to limit radioactive waste dis- 
posal by restricting radiation exposure 
to members of, a critical population 
group. The main difficulty in the appli- 
cation of this procedure is the need 
to find a completely objective method 
of selectirtg the critical group. W. D. 
Rowe (US Environmental Protection 
Agency, Washington DC) described an 
alternative approach which makes use 
of comprehensive mathematical models 
which include source terms, environ- 
mental transport pathways and human 
metabolism to predict the dose to 
members of the public. These models 
require some form of measurement 
for their periodic validation but might 
avoid some of the problems of the 
critical group method. 

Preprints of most of the papers 
which were presented can be obtained 
on payment of a small fee from Mr K. 
B. Shaw, National Radiological Pro- 
tection Board, Harwell, Didcot, Berk- 
shire OX11 ORQ. 
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Chronological and ecological 
nplications of the fossil Bovidae 








at the Sterkfontein Australopithecine site 


E. S. Vrba 


Transvaal Museum, PO Box 413, Pretoria, South Africa 





Bovid remains indicate the presence at Sterkfontein of three 
faunal phases, accumulated at different times and probably 
under different climatic conditions. These phases are 
variously associated with such well known Sterkfontein 
finds as the type locality australopithecine assemblage, the 
West Pit (extension locality) hominid remains which may 
include Homo and numerous stone artefacts. 





: Syni hundred bovid cranial fragments, mostly dentitions, 
hailing from the various localities at the Sterkfontein excavation 
site (see Fig. 1), were available for this study. Associated with. 
the famous australopithecine material at the Sterkfontein main 
quarry (type locality—-henceforth referred to as STS)—were 111 
specimens. Forty-two. sp ecimens came from the West Pit 
(extension locality, SE), which was excavated by J. T. Robinson 
in 1957 and 1958 (ref. 2). Some 200 specimens came from rubble 
dumps D1, D2, D3, D5, D6, D8, D12-16 and H2, excavated by 
P. V. Tobias and A. . Hughes, who placed these materials at 
my disposal for stud: These dumps, STS and SE will be 
referred to th this work as site units. The bovid species 
identified at Sterkfontein are shown in Table 1. 

Of primary intere this study is what information the 
Bovidae can provide bout : a possible time difference between 
the two main hominid-bearing site units, STS and SE. It has 
been Suggested tl elong to a later time period than 
STS. Robinson? the presence at Sterkfontein of an 
earliest Lower breccia including STS, which he believed to be 
unconformably overlain by a later Middle breccia including SE. 
He also recognised a third, youngest Upper breccia. Tobias‘ 
felt that unlike STS, the SE assemblage includes at least a trace 







E 


















of a hominid more advanced than Australopithecus. An impor- 


tant contribution to any discussion of the affinities of STS and 
SE is the fact that many stone tools have been recovered from _ 
SE. They were first discovered there by Brain®, and have since 
been found in numbers totalling hundreds at SE and in several oS 
dumps. None has been found in association with Australopithe- Se 
cus at STS. The first published suggestion that some major South ES 


African fossil assemblages can be arranged in a succession of. 
Faunal Stages (this was later amended to Faunal Spans’ 
came from Wells’, who included STS in the earlier St 
al and SE i in a later Swartkrans stage. This i is s the 
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- Fig. 1 Plan of the Sterkfontein Excavation Site (after Tobias. 
and Hughes'). SE, West Pit; D1-16, rubble dumps; H2, material 
excavated under SE; - - - caves, holes and excavations. 





Table 1 Minimum numbers of individuals in bovid species at Sterkfontein. Taxonomy of extant Bovidae as in : ref, i Ei extinct; IR, adn ae 
‘larger small’ as in my unpublished work Sa des. ue 


guishable from recent; 





Site units i. | 
Species STS SE H2 DI D2 D3 DS D6 D8 Di2 DI Di4 DIS Di6 
1 Syncerus cf. acoelotus E 1 
2 Tauroiragus cf. oryx `; IR Í 2 i 
3 Tragelaphus cf. strepsiceros IR 2 
4 Tragelaphus sp. aff. angasi E 1 ; 
5 Tragelaphus cf. scriptus IR 2 
6 Pelea cf. capreolus IR 3 
7 Redunca cf. arundinum IR 1 
8 Kobus cf. ellipsiprymnus IR l 
9 Hippotragus cf. equinus IR 2 
10 Hippotragus cf. niger IR 1 4 
11 cf. Hippotragus sp. aff. gigas E 8 1 5 1 l 
12 cf. Megalotragus sp. E 1 
13 Connochaetes taurinus lineage E+ IR 1 1 3 ] J 4 
14 Medium-sized alcelaphines E + IR 7 6 2 2 1 i 
15 Damaliscus sp. Clarger small’) E 7 3 2 2 2 1 l 2 5 
16. Damaliscus cf. dorcas IR 3 1 2 1 H 
17 - Antidorcas cf. recki E 2 3 
18 Antidorcas cf. marsupialis IR 1 1 2 
19 Antidorcas bondi E 1 2 4 f 1 3 5 
20 cf. Gazella vanhoepeni E 1 2 
Zi Oreotragus major ° E 1 l 
22 Ourebia cf. ourebi IR l 3 
23 Raphicerus cf. campestris IR 1 2 
24 Makapania cf. broomi E 9 il 4 l 
Minimum numbers of individuals of all species 42 22 8 7 i 1 6 1 to 1 17 i 2 40 
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discussion of the contemporaneity or otherwise of STS and SE. it has to be concluded that the contents of the rubble dumps may 

To date there has been no published attempt to relate the be mixed with respect to such time periods. Nonetheless any 
fossil content of the rubble dumps to the in situ breccia of one dump should contain a high proportion of fossils from a 
Sterkfontein. If the Sterkfontein fauna was really assembled single part of the deposit, and so from a single time period. An 
during successive time periods, whether in a series of breccias attempt is made here to group these dumps, on the basis of 
as visualised by Robinson or as part of a continuous breccia, their bovid fossil content, with each other and with STS and SE. 





Species also 
present (X) 
or probably 
present (7X) 
at Makapans- 
gat Lime- 
works 















Faunal phase 
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Fauna! phase 













Hippotragus cf. equinus (IR roan antelope) 


cf. Megalotragus sp. (E large hartebeest type) 





Redunca cf. arundinum (IR reedbuck} 


























` Syncerus cf. acoelotus (E buffalo} 





Tragelaphus sp. aff. angasi (E nyala) 


cf. Gazella vanhoepeni (E gazelle) 


Makapania cf. broomi (E muskox type) 





cf, Hippotragus sp. aff. gigas (E large hippotragine) 





Antidorcas cf. recki (E springbok type) 


Antidorcas bondi (E springbok type) 
Oreotragus major CE klipspringer) 


Taurotragus cf. oryx (IR eland) 
Damaliscus cf. dorcas (IR blesbok) 


Damaliscus sp. | or Parnudariys sp. (E blesbok type) 


Damaliscus sp. 2 (E blesbok type) 
Connochaetes taurinus lineage (E and IR? blue wildebeest) 
Medium-sized alcelaphines (E and IR) 
Total number of cranial and dental specimens 


Total minimum number of individuals 


Number of extinct : indistinguishable from recent species 


‘constituted by minimum number of definitely 
extinct individuals of total minimum number 




















% constituted by minimum number of alcelaphines 20 x 100 ; 18 x 100 
š m a ART, Er gy = 82% 


and antilopines of total minimum number 42? | 


Line thicknesses represent minimum number percentages per species per site as follows: 


=æ em Oniy one or two specimens present which are suspected of belonging to a different faunal phase 


Fig. 2 Distribution of bovid species between STS and SE. The specimens here represented are only those deriving from in situ STS and SE 
breccia. Damaliscus sp. of Table 1 and Fig. 4 is divided into Damaliscus sp. | or Parmularius sp., and Damaliscus sp. 2; nearest extant relative 
given in each case; E, extinct; IR, indistinguishable from recent. 
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In site units STS and SE species, as represented in Table 1, 
were separated into five tribes or tribal groupings: Hippo- 
-tragini; Ovibovini; Alcelaphini; Antilopini and Neotragini; 
Bovini, Tragelaphini and Reduncini. A chi-square test showed 
that, in terms of the minimum number contents within these 
tribal groups, STS differs significantly from SE (x°, = 11.84; 
xr (0.05) = 9. 488). 

-The tribes Alcelaphini and Antilopini are widely recognised 
as generally forming the bulk of any open plains—grassland 
fauna. For STS and SE the percentages which the added 
minimum numbers of these two tribes constitute of the total 
minimum numbers were found to be 48% and 82% respectively 
(Fig. 2). A chi-square test performed on these data showed that 
the SE assemblage has a highly significantly larger proportion 
of alcelaphines and antilopines (x7; = 7.17; x? (0.01) = 6.635) 
than has the STS assemblage. 

Two types of distance functions were used to express affinity, 
in terms of minimum numbers per species, between all pairs of 
site units in Table 1. The first, here named FCD for ‘faunal 
composition difference’ coefficient, was arrived at as follows: 
if the taxa (species) are coded i = 1,... J and the site units j = 
1,...,J and if x,, denotes the minimum number of individuals 
of species i at site unit j, then the FCD between site units m and 

n, denoted by D mn, is calculated as 


i 
mn 2 Pim =L in 


i=l 





where Pij = =, j= 1,...,J, where x.j denotes the sum of x ,; 
over i. FCDs range from 0 to 2. The second distance function 
used was y? Each of the two functions was calculated (a) for all 
pairs of site u vall separate species Categories | — 24; 

of site units over separate species categories | — 11 
and 16 — 24, bi lumping 12 ~ 15 into a single category; (c) 
for all pairs. of site units with total minimum numbers > 3 
over all separate species categories 1 — 24; (d) for all pairs of 
site units with total minimum numbers > 3 over separate 
species categories 1-11 and 16 — 24, but lumping 12 — 15 into a 
single category: The resulting matrices of FCDs and y? values 
were clustered by the Weighted Pair Group Method Clustering 
Procedure® into several dendrograms. An example is given in 
Fig. 3. Without exception the dendrograms showed the most 
fundamental split to be between STS, together with D13, D14 
and D15, and the rest. A further split among the remaining site 
units was consistently indicated between SE together with H2, 
D1 and D5 on the one hand, and D16 together with D8 and D6 
on the other. The placement of D2, D3 and D12, each with a 
total minimum numbey of 1, varied, but they were always 
Separate from the STS cluster. Figure 4-shows the three faunal 
phases represented by site units, as suggested by these methods. 
It must be borne in mind that the low minimum number content 
of some of the site units limits the confidence that can be felt in 
the accuracy of their placement. : 






Bovid faunal phases 


A comparison between Figs 1, 3 and 4 shows an interesting 
correspondence between the geographic location of site units 
and their grouping on bovid content, with the possible excep- 
tion of D5 and D8. Nonetheless there remains a greater measure 
of uncertainty with respect to the homogeneity of the dump 
assemblages than is the case with STS and SE. It is therefore 
useful to look first at the bovid species distribution between 
faunal phases A and B as represented only by STS and SE 
(Fig. 3). The dominant species at STS are: Makapania broomi, 
which is also among the most common species at the 
-Makapansgat Limeworks®; a large new hippotragine species, 
which could be ancestral to Hippotragus gigas known through- 
out the Olduvai Beds and at Elandsfontein in South Africa: 
and a small alcelaphine which could be close to, or specifically 
identical to, a species from the East Rudolf Metridiochoerus 
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Fig. 3 Dendrogram of the relations among 14 site units based — 
on WPGM clustering procedure" using FCD values. Site units 
as in Fig. 1, each accompanied by its minimum number content. : 


andrewsi zone. Each of the three species is represented doub 
fully in the SE assemblage by a single broken specimen. At $ 
can be seen the first occurrence in the Sterkfontein context. 
the distinctive dentitions indistinguishable from the exta 
Damaliscus dorcas. Antidorcas bondi and Damaliscus spo 
which is likely to be Damaliscus niro (my unpublished work 
probably also make their first appearance at SE, if the single 
specimen of each from STS is indeed misplaced in that assem: 
blage as I strongly suspect for several reasons. On the whole, 
in view of the markedly greater affinity to M akape pansgat of STS 
than of SE, and the implications of the x? test results, the b vid 
assemblages of STS and SE seem to be essentially different and 
successive in time. 

Figure 4 shows that inclusion of the dumps amplifies 
differences between faunal phases A and B, and adds a: third 
phase. Faunal phase C, as represented mainly by Di6 is — — 
undoubtedly distinct in its general character from phase B, and- o 
probably considerably later in time. There is here the advent at 
Sterkfontein of several species that are indistinguishable from 
recent forms. Only two phase C species are definitely extinct: 
A. bondi and the ‘larger small’ Damaliscus sp., which again in o 
phase C very likely belongs to D. niro (my unpublished work). + ” 
A. bondi and D. niro are generally among the few extinct bovid 
species at southern African Middle Stone Age sites. j 

It seems that at least a large part of the differences between 
these three bovid faunal phases, accumulated in close geo- 
graphical proximity and signalling the advent of new ‘in- 
distinguishable-from-recent’ species with each successive phase, 
is due to time. Phase A, associated with the STS australopithe- 
cine assemblage, belongs with Makapansgat in the Sterkfontein 
Faunal Span. Phase B, associated with the SE hominids which 
might include at least some Homo, resembles both Kromdraai A 
(the faunal site) and Swartkrans with respect to its high 
aicelaphine—antilopine content, although it is perhaps closer to 
the latter in terms of species present. It could belong to the 











pane or to the Cornelia Span. Relevant here is the simi- 





== larity of tool forms from both SE and Swartkrans to the 
developed Oldowan assemblages". Phase C could belong to the 
Florisbad’ or Florisbad~Vlakkraal Fauna! Span* of Middle 
Stone Age time. In my thesis for the University of Cape Town, I 
am making a more detailed attempt at bovid faunal correlation 





Faunal phase 


A 


Primary site units; min. nos.> 15 


Secondary site units; min. nos. = 5-15: 
Tertiary site units; min, nos, = <5 
Hippotragus ef. equinus (IR. roan antelope) 
cf. Megalotragus sp. (E large hartebeest type) 
Redunca cf. arundinum UR reedbuck} 
Syncerus cf. acoelotus (E buffalo) 
Tragelaphus sp. aff. angasi (E nyala) 

ef. Gazella vanhoepeni CE gazelle) 
Makapania cf. broomi {E muskox type) 

ch Hippotragus sp. aff. gigas Garge hippotragine) 
Oreotragus major CE klipspringer} 


Antidorcas cf, recki CE springbok type) 


Antidorcas bondi (E springbok type} 


Damaliscus cf. dorcas AR blesbok) 
Kobus cf. ellipsiprymnus (IR waterbuck) 


Raphicerus cf, campestris (IR steinbok) 


Antidorcas cf. marsupialis (IR springbok) 
Ourebia cf. ourebi {IR oribi) 
Pelea cf. capreolus (IR Vaal ribbok) 


Tragelaphus cf. scriptus (IR bushbuck) 


Hippotragus cf. niger {IR sable antelope} 


Tragelaphus cf. strepsiceros (IR greater kudu) 
Taurotragus cf. oryx (IR eland} 


Connochaetes taurinus ineage (E and IR 
blue wildebeest) 
Damaliscus sp. (larger small) CE blesbok type) 


Medium-sized alcelaphines {E and IR} 


5Sa constituted by min. no. of aleelaphines and | 25 x 100 ay 
antilopines of total min. no. in a faunal phase: Í 


“ consiituted by min. no. of definitely extinct 
individuals of total min. no. in a faunal phase: 
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between the Sterkfontein phases and the other Krugersdorp 
sites. Tobias'* has reviewed the dating of the South African 
australopithecine sites, linking the results of new geomorpho- 
logical studies to what has so far been concluded on the basis 
of faunal comparisons. 


Faunal phase Faunal phase ee 
Species also 
present (x) 
or probably 
present x} 
at. Makapans- 
gat Lime- 
works 


Line thicknesses represent minimum number percentages per species per faunal phase as follows: 


a .... 
EEE oo 
uaa 5o 
aeiaai EEVA 
NGU wk wm a. 


Only I or 2 spegimens present which are suspected of belonging to a different faunal phase 


Fig. 4 Suggested distribution of bovid species throughout all site units at Sterkfontein. E, extinct; IR, indistinguishable from recent. 
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Are there differences between phases A, B and C as here 
constituted, other than those resulting from time? In phases A 
and C, rather than B, there seem to predominate forms that are 
identical with or close to extant species that are to a greater or 
lesser extent bush-loving and water-dependent, like the roan 
antelope, reedbuck, buffalo, nyala, sable antelope and bush- 
buck. This is correlated with the significantly higher percentage 
of alcelaphines and antilopines in phase B. Although Fig. 4 
makes it clear that some degree of open grassland existed near 
¿Sterkfontein during all three time periods, the data strongly 
suggest that during phase B there was proportionately less bush 
cover than during A and C. One possible cause of such vegeta- 
tional change could be a decrease in rainfall between A and B 
with a subsequent increase in phase C. Brain® concluded, on the 
basis of determinations of the sand grain angularity and chert- 
quartz ratios of the australopithecine breccias, that a general 
increase in rainfall, with minor fluctuations, occurred in the 
Sterkfontein valley from STS times onwards. An explanation for 
the bovid data in Fig. 4 invoking bush cover changes as a result 
of rainfall changes would thus seem to stand in contradiction to 
Brain’s findings between phases A and B, while agreeing with 
them between B and C. Another strong possibility is that the 
apparent vegetation changes are largely or entirely due to a drop 
in temperature between phases A and B with a subsequent 
increase towards C. 

From this perspective, therefore, it can be said that the 
Sterkfontein bovid fossils show evidence of having been 
accumulated not only at three different times but also under 
varying ecological, more specifically bushcover, conditions, the 
latter probably resulting from temperature and/or rainfall 
changes. 


A further difference between phases A and B must be men- 


tioned here. Individuals in phase A have a larger average body- 
size than do those in phase B. Although it is not impossible that 
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this effect is at least to some extent correlated with the ecological 
differences that were deducted on the basis of species content, it 


leads to speculation about a possible accumulation difference: 


for instance, the phase A bovid remains could largely be the 
result of the activities of a predator, such as a sabre-tooth cat, 
specialised for eating large prey. Perhaps the predominant 


influence contributing to the phase B bovid assemblage was the 


advanced hominid, who in spite of his tools may have been 
confined to small to medium-sized prey. Detailed studies by C. 
K. Brain of the mode of accumulation of the australopithecine 
bone assemblages, and my further studies of their bovid faunas, 
may throw light on such questions. 

I thank Dr N. F. Laubscher of the Council for Scientific and 
Industrial Research (Pretoria) for discussions on the mathe- 
matical aspects of this work. I also thank Professor P. V. 
Tobias, Mr A. R. Hughes and Dr C. K. Brain. 
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chronost atigraphic implications 





K-Ar dating of volcanics in the Jordan rift allows an 
estimation of ihe ages of widespread stratigraphic events 
in the eastern Mediterranean region. The data provide a 
link between Pleistocene deposits of Europe and Africa 
suggesting, in particular, age limits to the early 
Acheulian and Mousterian cultures. 


BASALT volcanism of late Cainozoic age is widespread in the 
western part of the Arabian peninsula, along a zone trending 
NNW from the Red Sea into Turkey. One of the most promin- 
ent occurrences of this volcanic phase is the Jebel Druze 
basalt province, in which lavas, tovering about 48,000 km?, 
extend south-eastwards from Lebanon to Israel, through Syria 


*Present address: Department of Geodesy and Geophysics, 
_ Madingley Rise, Cambridge, UK 


and Transjordan, into Saudi Arabia. K-Ar ages have been 
determined on basalts occurring in the north-western extremity 
of the province and five eruptive phases, interbedded with late 
Cainozoic sediments of the northern Jordan Valley and the’ 
Valley of Jezre’el, are distinguished. Our data include represen- 
tative samples of the chief units throughout the late Cainozoit 
volcanic sequence exposed in this region, with the possible 
exception of some of the most recent flows from the Golan 
Plateau (Figs | and 2). The present dating project thus enables 
radiometric ages to be allocated to many late Cainozoic sedi- 
mentary formations and stratigraphical events on the eastern 
seaboard of the Mediterranean. 


K—Ar age determinations 

The rocks investigated here have the chemical and ameona 
characteristics of alkali olivine basalts, closely similar to those 
described from the Jebel Druze and other Cainozoic localities 
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qin Transjordan’*, The analysed specimens from the northern 
-Jordan Rift, represented in Table 1, are nonamygdaloidal, 
fine grained and commonly porphyritic. The phenocrysts are 
mostly olivine which occurs either alone or accompanied by 
augite and labradoritic plagioclase in various proportions. The 
matrix includes plagioclase in the range andesine—labradorite, 
augite, olivine and, in some varieties, nepheline with analcite 
(ref. 3, and I. Brenner, unpublished work). 

Argon isotope ratios were measured statically on a Varian 
GD-150 mass spectrometer, equipped with a vibrating reed 
electrometer, using an Ar-38 enriched spike. A correction of 
295.5 for the atmospheric “Ar : Ar ratio was used in calculating 
the ages. Peak magnitudes were calculated by extrapolation 
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Fig. 1 Geological sketch map of 
k northern Israel. Numbers indicate 
SA the locations of dated specimens. 
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section. 


from successive scans back to the opening of the Ar-extraction 
line to the mass spectrometer. The decay constants adopted 
were 

AB = 4.72-< 10" yr" 
and 

Ae = 0.584 x 107-7? yra 
and the SK : K ratio = 1.19 x 10°? atom %. Potassium was 
determined by atomic absorption on a Perkin-Elmer 303 
instrument, using a bracketing procedure for calculating the 
results. The errors in the individual ages (Table 1) reflect analy- 
tical uncertainty only and were calculated for each analysis at 
the one-sigma level, following the method outlined by 
McDougall et al.*. 


+ 





Tabie 1 Occurrence, locations K-Ar analytical data, and calculated ages of late-Cainozoic basalts from northern Israel 





Sample Rock type Formation Location (height above Lat. Long. 
no. and field sea level in brackets) N E 
occurrence 
1B-219 Basalt flow EI Furn Golan Plateau, E! 33°09", 35°45.5° 


Furn (+900 m) 
1B-39 Basalt flow Aleka Golan Plateau, Aleka 
(+520 m) 


Northern Jordan Valley, 33°13,5’, 35°35.5’ 
Qiriat Shemoa 
{+100 m) 


Eastern Jordan Valley, 32°42.5’, 35°39" 
above Yarmuk River 
(+220 m) 


Eastern Jordan Valley, 337017, 35°58’ 
near B'not Yaakov 
{+100 m} 


33°03’, 35°42.3’ 


18-329 Basalt flow Hasbani 


{B-189 Basalt flow Yarmuk 


' $B-390 Basalt fow Yarda 


» 1B-48 Basalt fow, Cover Basalt Jordan Valley, Tiberias 32°47.1', 35°31.6' 
oe near top ~ section (+ 180 m) 
ee (1B-274 Basalt low, Cover Basalt Jordan Valley, Belvoir 32°35.5’, 35°32.3' 
os ear base section (+250 m} 
‘Basalt flow 
ek ne ake Jordan Valley, Belvoir 
Basalt flow >Intermediate J section 32°35.8', 3$°32.3’ 
ETS «an. - | Basalt Single fow-samples 
-187 Basalt flow about 100 m apart (+ 200 m} 
180. Basalt flow, Lower Basalt Jordan Valley Belvoir 32°35.8’, 35°32.3’ 
uppermost section {+90 m} 


1B-172 Basalt flow Lower Basalt Jordan Valley, oo 32°35.5’, 35°32.3' 


section (— 150 m 


Bt Lower Basait Jordan Valley, Belvoir 
=, lowermost 7 i 


S section (— 200 m) 
Basalt fow, Lower Basalt Jordan Valley, Tiberias 32°47.1’, 35°31.6' 
owermost Section (—90 m) 


325385.4, 35°32.3' 


magnetic 
polarity 


Geo- K Radiogenic Radiogenic Calculated Stratigraphic age 
(weight Ar HAr ag 
%) €O™Mmol/e') Totali “Ar (Myr) 
N 1.410 0.019 0.8 0.079 + 0.013 | 
i Riss- 
N 1.192 0.012 0.5 0.064 + 0.013 Würm 
n 
1.056 0.014 0.6 0.073 + 0.014 
j 
0.709 0.085 49 ¢ 0.68 + 0.05 ] ee ETA 
Late Mindel or 
| early Mindel- 
> Riss 
N 0.938 0.107 6.9 0.64 + 0.12 
R 1.222 0.33 15.7 17 +04 | EAN 
reglat 
> Pleistocene 
R 0.687 0.26 8.8 2.0 40.1 | 
1.245 1,06 14.7 4.7 +02 } da 
Middle 
N 0.668 0.60 7.1 S0 +03 | Tabianian 
0.886 0.74. 2.2 4.7 +05 | 
N 109 2.45 17.8 12,5 +0.5 
N 1.172 3.06 38.5 14.6 + 6.4 
: 4% Middle Miocene 
N 1.259 2.90 67.6 13.6 4.0.3 
N 0.826 1.78 24.1 12.2 + 0.4 | 
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In spite of the large errors shown for the Quaternary basalts, 
which mainly reflect the high level of atmospheric argon 
contamination, the calculated ages are clustered closely into 
groups differing by an order of magnitude, and are in excellent 
agreement with available stratigraphic evidence. Thus, on the 
present data, the pattern of the post-Middle Pliocene volcanism 
in the northern Jordan Valley region seems to have comprised 
several intense but discrete episodes. 


Stratigraphy 

The earliest manifestations of Cainozoic volcanism in the 
Jebel Druze igneous province are provided by several basalt 
horizons of Eocene and. Miocene age penetrated by boreholes 
in Transjordan'. Near Tripoli and Damascus, Neogene volcan- 
ism began in the Middle Miocene® and on the northern side of 
Wadi Sirhan, in north-western Saudi Arabia, several extensive 
basalt flows have yielded an average K-Ar age of 12.3 Myr 
(ref. 6). In northern Israel some 500 m of Lower Basalt flows 
of Middle Miocene age (Table 1) interdigitate with fluviatile 
sediments of the Herod Formation’. The latter correlates with 
the Hazeva Formation of the Negev, which interfingers in the 
Be’er Sheva area with Middle Miocene marine sediments of the 
Ziqlaq Formation®*:**, The Herod and Hazeva Formations are 
regarded as representing the maximum extent of the Middle 
Miocene marine transgression®®, Sediments from the Barada 
Valley near Damascus, which resemble the Herod 
Formation in age and lithology, and include interbedded basalt 
flows, have been described by Dubertret®, The dated flows of 
Lower Basalt occur on the western rift scarp of the northern 
Jordan Valley, at the Belvoir and Tiberias sections (Fig. 1) and 


are 12.2 to 14.6 Myr old. The flows may be regarded as essen- 


tially coeval, with a mean age of 13.1 Myr. 

The Herod Formation is unconformably overlain by the Bira 
and Gesher Formations, within which several flows of the 
Intert ate re intercalated. The latter has been 
described by Schulman’ for the central Jordan Valley, and by 
Horowitz and Fleischer (Subsurface geology of the Hula, Geol. 
Surv. Ist. Rep., 1968. Unpublished) for the Hula Valley and 
Korazim Block, respectively. The Bira Formation, mainly 
lagoonal chalks: and marls, interfingers westward in the 
Yizre’el Valley wit ie sediments bearing a typical Pliocene 
fauna®-41-12, Bira s ts of the central Jordan Valley, where 
the dated flow is located, are interpreted as representing the 
Tabianian stage of the Mediterranean Pliocene**, as recently 
defined’*. At Belvoir a. single flow was sampled at three loca- 
tions about 100 m apart in order to test the reproducibility of 
our measurements. Individually calculated ages of the Inter- 
mediate Basalt. agree” to within about 3% of their mean of 
4.8 Myr. : 

Volcanism EA ead throughout the Jebel Druze 
province with the formation of plateau basalts which inundated 
wide areas in north-western Transjordan, south-western Syria, 
Lebanon, and north-eastern Igrael. In the last of these areas the 
Cover Basalt commonly attains thicknesses of 100 to 150 m and 
most sections show at least 10 flows, each 10 to 20 m thick’. 
The Cover Basalt is separated by an erosional unconformity 
from underlying Pliocene formations and is itself overlain by 
Guenzian sediments of the Jordan Valley!’ 5, No sediments 
interfinger with the Cover Basalt, but it has been stratigraphic- 
ally correlated with the preglacial Pleistocene formations of the 
Coastal Plain, Judea and the Negev in Israel. Ages determined 
on flows from near the top of the Belvoir and Tiberias sections 
agree closely and have an average age of 1.8 Myr. 

The results given here enable us to distinguish two age 
groups in the post-Cover Basalt volcanics: one with an average 
age of 0.66 Myr, the other much younger at near 72 x 10° yr. 
Carbon-14 dates from bones burigd within the youngest lavas 
on the Syrian Jebel Druze indicate an age of 4.5 x 10° yr (ref. 
14). In the Hula Valley, Quaternary basalts occur in tilted blocks, 
interbedded with Pleistocene deposits and, on the northern 
border, as flat-lying sheets which can be traced to the Golan 













2 


Plateau. The Yarda Basalt!!!» flowed over the Korazim-Gadot . _ 
block, south of the Hula Valley, filling erosional features in the 
Guenzian Gadot Formation and in the Mindelian Mishmar 
Hayarden Formation. The faulted and tilted Yarda basalt is —_ 
unconformably overlain by the Rissian Benot Ya'akov Forma- 


tion. Its stratigraphical age should, therefore, correspond to 
the late Mindel or the early stage of the Mindel—Riss inter- 
pluvial. The Yarda Basalt has been correlated by Horowitz*® 
with the Yarmuk Basalt” of the central Jordan Valley. Radio- 
metric ages of these basalts are 0.64 and 0.68 Myr respectively. 

The youngest extrusive episode studied by us is represented 
by two flows from the Golan Plateau and one from the northern 
Hula Valley, all of which are coeval within the analytical error, 
with a mean age of 72 x 10° Myr and normal magnetic 
polarity (D. Mor, personal communication). The Hasbani 
Basalt covers the upper Hula Valley, extending northwards 
into Lebanon and eastwards to its probable source in the 
Golan. This basalt, sampled as a surface flow near Qiriat 
Shemona (1B-329), has been traced to the Banias waterfall’ 
where it separates two travertine layers. The underlying Kefar 















Central 
Jordan 





Chrono — 





Hula Basin 





stratigraphy 
PIRENA Valley 





Specimen 
Number 













Malaha 


Tabgha 
Formation 1 is 


Formation 








Holocene 





Wirm 





Lisan Formation 


Dan Travertine 
Ashmura Formation 





















Rogqad 
(Naharayim} 
Basalt 


Hasbam Basalt 
and 
Hulata Formation 
Benot Yaakov 











Formation Naharayim 
and ah 7 
Formation 

Kefar Yuval aes 






Traveftine 








Ayelet 
Hashahur 
Formation 











Yarmuk Basalt 































390 Yarda Basalt 
189 vere 
Ubeidiya 
Formation 
48 Erk eL Ahmar Fm 
274 -eplacial 
Preg a Cover Basalt 
Pleistocene 
Piacencian Tanur Fejjas $ Gesher | , 
Conglomerate Taft Em 
82 Pa Tel Hai 1. Basalt Bira Fin] : 
3} Tabianian . Limestone oe Suiine Cal. 
. Miocene 
84 
sO Lower 
86 Basalt 
172 


Fig. 2 Upper Cainozoic sections for northern Israel, showing 
stratigraphical positions of dated basalts. (I. Basalt = Inter- 
mediate Basalt). 
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$ Yuval Travertine contains late Acheulian implements and 


=. corresponds stratigraphically to the Rissian Benot Ya'akov 
= Formation of the Hula Valley. The Dan Travertine overlies 


Ashmura Formation of the Hula Valley which contains imple- 
ments of Mousterian to Epipalaeolithic age, and with the 
Roqqad (or Naharayim) Basalt? of the central Jordan Valley 
with which it is stratigraphically analogous’®. The Hasbani 
Basalt thus constitutes a precise marker for the calibration of the 
Riss—-Wiirm interpluvial. The age of 73 x 10° yr indicated for 
this phase agrees with estimates of sedimentation rates and 
radiocarbon age determinations of the Wiirmian sequence in 
Israele, The sampled flows from the Golan Plateau do not 
interdigitate with any sediments and are not subject to direct 
stratigraphic control, but their radiometric ages clearly show 
that they correlate with the Hasbani Basalt. 


Discussion 


The maximum development of the Miocene marine trans- 
gression in the Mediterranean region, allocated a Middle 
Miocene age by Gignoux?!*, has been shown by our dating of the 
Lower Basalt to have occurred between 12.2 and 14.6 Myr ago, 
which is in good agreement with evidence from other regions™. 
The Tabianian marine transgression, represented in Israel by 
sediments of the Pliocene Bira Formation, which are about 
4.8 Myr old, is thought to have been very rapid, and to have 
reached its maximum extent within about 0.5 to 0.75 Myr 
(ref. 20). 


The age of the Cover Basalt is relevant to the dating of the 
preglacial and the beginning of the Pleistocene glacial stages. 
The dated specimens were collected from the upper flows of 
this volcanic sequence and represent the end of the preglacial 
Pleistocene, about 1.7-2.0 Myr ago. The reversed magnetic 
polarity of the upper section of the Cover Basalt, and the 
consistently normal polarity of its lowermost flows?!-??, 
strongly suggests that its eruption straddled the transition 
from the Gauss Normal to the Matuyama Reversed epochs, 
estimated at 2.4 Myr (ref. 23). The beginning of the preglacial 
Pleistocene therefore predates the polarity transition and we 
propose, provisionally, to allocate it an age in the range 2.6 to 
3.0 Myr—-a date which also corresponds to the close of the 
Pliocene. 
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The radiometric dating of the Yarda and Yarmuk Basalts, 
stratigraphically of late or post-Mindel age, indicates a mini- 
mum age of 0.66 Myr for the Mindel. This age limit provides an 
important link between the early Acheulian cultures of Europe 
and Africa and has been discussed in detail**. Radiometric 
dates from Pleistocene deposits in Africa are fairly numerous, 
but in Europe there is almost no dateable Pleistocene material. 
Furthermore, climatic correlation between the European and 
African Pleistocene is poor, whereas the correlation between 
the European and Israeli Pleistocene seems well established”. 
Dating of the Israeli Pleistocene thus provides a sound basis 
for Pleistocene geochronology in Europe. 

We thank Professor E. Jaeger and Dr J. C. Hunziker of the 
Mineralogisch-Petrographisch Institut, University of Bern, for 
facilities and assistance in the Ar-isotope determinations. We 
are grateful to I. Brenner, Geological Survey of Israel, for the 
specimens and unpublished field data, and to Dr J. A. Miller for 
reading the manuscript. 
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Vegetation classification by reference to strategies 
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- dt is suggested that there are three major determinants of 


vegetation—competition, stress and disturbance—and that 
‘each has invoked a distinct strategy on the part of the 
lowering plant. A method is described whereby it is possible 
to distinguish types of herbaceous vegetation by reference to 
the relative importance of the three strategies in the geno- 
types of the component species. 


= _ Tue electronic computer has been a mixed blessing to vegetation 


<- Classification. On the one hand, it has facilitated the develop- 


‘ment of methods of numerical and multivariate analysis. On 
the other, it has contributed to the decline in confidence in 








established methods but has yet to replace them with a new 
lingua franca, The resultant confusion in the field of vegetation 
classification is unfortunate in that it coincides with an unpre- 
cedented demand for standardised botanical information which 
can be readily interpreted and assimilated into plans to reclaim 
or manage the landscape. 

This is not to argue for a return to the older methods of 
phytosociology which apart from their subjectivity are often 
difficult to apply in a world landscape experiencing increasingly 
diverse and disruptive interference by man. The current require- 
ment is for methods of classification which can include recent or 
unstable vegetation, avoid unnecessary abstraction and provide 
data intelligible to nonspecialists. An approach to the classifi- — 
cation of herbaceous vegetation has been made with these con- 
siderations in mind. 
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Fig. 1 A angdar model of herbaceous vegetation. a, Identification of the corners at which competition (C), stress (S) and disturbanc { 

are exclusive determinants. b-d, Contours in percentage contribution of competition, stress and disturbance, respectively. e, Cour 

vegetation succession. The arrows correspond to lines of succession of low (L,), moderate (L,) and high (La) productivity. f. Interacti 
competition, stress and disturbance. g, Location of selected habitat types. m 


Triangular ordination 


The method depends upon the assertion that, basically, there 
are three determinants of herbaceous vegetation—com- 
petition, stress and disturbance-—-and that each has invoked 
a distinct strategy on the part of the flowering plant. The pos- 
sibility arises therefore that an ordination of vegetation types 
can be based on measurements of the relative importance of 
the three strategies among the component species. More 
specifically, it is suggested that the spectrum of herbaceous 
vegetation types may be accommodated in a model (Fig. 1a) 
consisting of an equilateral triangle in the corners of which the 
relative importance of competition (C), stress (S) and disturb- 
ance (D) reach their respective maxima. In Fig. 1b-d, the 
gradients in relative importance of each of the three determin- 
ants are indicated by means of contours and in Fig. 1/ the inter- 
actions between competitions stress and disturbance are sum- 
marised. Figure 1g illustrates the predicted location of selected 
habitat types within the triangle. The triangular model also 
appears to incorporate some of the dynamic features of herb- 
aceous vegetation. The course of succession (Fig. le) is from 
the right-hand corner of the triangle towards the opposite side 
which constitutes the interface with woody vegetation. Increase 
in the angle of elevation of the line of succession (Li-L) above 
the horizontal is associated with a progressive increase in 
productivity. Species density (number of species per unit area) 
would be expected to show a progressive decline towards the 
apex as a result of competitive exclusion. 

To derive from this model a practical method of ordination, 
the minimum requirement is to find measurable attributes of the 
flowering plant which vary in accordance with any two of the 
three sets of contours in Fig. 1b*d. To explore the possible 
means by which this requirement may be fulfilled it is necessary 
to consider the essential nature of competition, stress and 
disturbance and the strategies which they seem to have invoked. 
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Competition, stress and disturbance 


Competition may be defined as the attempt by neighbour 
plants to utilise the same units of light, water, mineral nutri 
or space!. By definition, therefore, competition exerts its max 
mum impact as a determinant of vegetation in circumstanc 
where the competition is resolved perhaps even to the exte 
that the habitat is occupied by one species, possibl 

individual plant. Stress and disturbance. together comprise 
those phenomena which prevent the resolution of comy 
At moderate intensities this intervention: has the effect o creating 
spatial or temporal niches; at their most severe both stre: 
disturbance may so suppress plant development. that indi 
plants scarcely impinge on each other and competiti 
occluded. The difference between stress and disturbance lies in- 
the fact that whilst both inhibit the development of a large 
standing crop the former does so by restricting primary pro+  __ 
duction, the latter by damage to the vegetation. Whereas stress 
is usually imposed by the physical environment (shortages of —__ 
light, water, mineral nutrients, suboptimal temperatures, soil- 

and toxins), disturbance arises from the activities of grazing 
animals, pathogens, man (trampling, mowing and ploughing)’ 
and from physical phenomena such as soil erosion. The same 
environmental factor, drought for example, may cause both 
stress and disturbance. In certain situations it is difficult to 
distinguish between competition and stress. In particular, prob- > 
lems of definition arise where herbaceous vegetation derives 

shade or phytotoxins from a remote tree canopy. J 


Three strategies 


Many plant attributes have been implicated in adaptaons to 
particular forms of competition, stress or disturbance. Here 
attention is focused on general characteristics of the competitive, 
stress-tolerant and ruderal strafegies. 








28 


The competitive strategy. From both field and laboratory 
investigations of competition? ~45, it seems that a number of plant 
attributes are conducive to the efficient capture and utilisation 
of light, water, mineral nutrients and space. These include an 
elevated leaf canopy, the capacity for extensive lateral spread 
both above and below ground and the tendency to accumulate 
a thick layer of litter on the ground surface, all characteristics 
which are especially prominent in herbaceous species such as 
Pteridium aquilinum and Epilobium hirsutum, which frequently 
occupy extensive areas of vegetation to the virtual exclusion of 
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other species. The ability of these three attributes to distinguish 
the competitive strategy is suggested by their very low incidence 
in environments subjected either to severe stress or to 
continuous disturbance’. 

The stress tolerant strategy. In addition to small stature, a 
general characteristic of herbaceous plants in environments 
experiencing continuous and severe stress is a low potential 
relative growth rate. This generalisation appears to hold fora 
wide variety of stresses including those associated with nutrient 
deficiencies on basic and acidic soils'*~**, shading***> and 
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Fig. 2 A triangular ordination of herbaceous species. ©, Annuals; 
©, perennials (including biennials). The competitive index (CI) was 
calculated from the formula Cl = (a+b+e)/2 where a, estimated 
maximum height of leaf canopy (1, < 12 cm; 2, 12-25 cm; 3, 25-37 
cm; 4, 37-50 cm; 5, 50-62 cm; 6, 62-75 cm; 7, 75-87 cm; 8, 87-100 
cm; 9, 100-112 cm; 10, > 112 cm); b, lateral spread (0, small thero- 
phytes; 1, robust therophytes; 2, perennials with compact un- 
branched rhizome or forming small (< 10 cm diameter) tussock: 
3, perennials with rhizomatous system or tussock attaining diameter 
10-25 cm; 4, perennials attaining diameter 26-100 cm; 5, perennials 
attaining diameter > 100 cm); c, estimated maximum accumulation 
of persistent litter (0, none; 1, thin, discontinuous cover; 2, thin, 
continuous cover; 3, up to 1 em depth; 4, up to 5 cm depth; 5, > 5cm 
depth). 


Key to species: The value in brackets refers to the 95% confidence 
umit for Rm ax. 


Ac, Agrostis canina, ssp. canina (4 0.18); Ae, Arrhenatherum elatius 
“(+ 0.16); Ag, Alopecurus geniculatus (3: 0.14); Ah, Arabis hirsuta 
(+ 0.28); Am, Achillea millefolium (+ 0.57); Ao, Anthoxanthum 
odoratum (+ 0.17); Ap, Aira praecox (+ 0.14); Apr, Alopecurus 
pratensis (+ 0.22); Ar, Agropyron repens (4- 0.11); As, Agrostis 
stolonifera (+. 0.22); Ase, Arenaria serpyllifolia (4 0.30); At, Agrostis 
tenuis (+ 0.25), Bm, Briza media (+- 0.14); Bs, Brachypodium sylvati- 
cum (+ 0.28); Bst, Bromus sterilis (+ 0.25): Bt, Bidens tripartita 
(+ 0.28). Ca, Chamaenerion angustifolium (+ 0.17); Cal. Chenopo- 
dium album (+. 0.73); Cc, Cynosurus cristatus (+ 0.13); Cf, Carex 
flacca (+ 0.24); CA, Cardamine flexuosa (+- 0.18): Cfo, Cerastium 
fontanum (+ 0.19); Cn, Centaurea nigra (+ 0.15); Cp, Carex panicea 
(+ 0.25); Cpr. Cardamine pratensis (4 0.18); Cr. Campanula rotundi- 
Jolia (+ 0.36); Cri, Catapodium rigidum (+ 0.38). Cv, Clinopodium 
vulgare (+- 0.09); Cvu, Cirsium vulgare (+ 0.56). Dc, Deschampsia 


cespitosa (+ 0.12); Df, Deschampsia flexuosa (+ 0.18); Dg, Dactylis 


glomerata (+ 0.14); Dm, Draba muralis (4. 0.15); Do, Dryas octo- 
petala (+ 0.47); Dp, Digitalis purpurea (+ 0.34; Eh, Epilobium 
hirsutum (+ 0.13). Fg, Festuca gigantea (+ 0.41); Fo, Festuca ovina 
(+ 0.14); Fr, Festuca rubra (+ 0.16); Fu, Filipendula ulmaria 
-+ 0.26). Ga, Galium aparine (+ 0.21); Gf, Glyceria fluitans (+. 0.19); 


Helianthemum chamaecistus (+ 0.24); Hi, Holcus lanatus (+ 0.28); 
Hm, Holcus mollis (+ 0.16); Hmu, Hordeum murinum (+. 0.35); 


emcee eI I SE ee ae SE RT E Rae Seren ORs. e 


Lea, Luzula campestris (+ 0.13); Lh, Leontodon hispidus (4: 0.14); 
Lp, Lolium perenne (4. 0.13). Me, Milium effusum (+ 0.16); MI, 
Medicago lupulina (+ 0.13); Mm, Matricaria matricarioides (+ 0.22); 
Ns, Nardus stricta (+ 0.16). Ov, Origanum vulgare {> 0.22), Pa, Poa 
annua (+- 0.42); Pav, Polygonum aviculare (+ 0.12); Pc, Polygonum 
convolvulus (4 0.56); Pe, Potentilla erecta (+ 0.23); PI, Plantago 
lanceolata (+ 0.13); Pm, Plantago major (+ 0.19); Pp, Pea pratensis 
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Fig. 3 Triangular ordinations of m? samples of herbaceous vegetation from fifteen habitats. Axes are mean competitive dex and. 


Rmax each derived as in Fig. 2 and weighted according to the relative frequency of the species in the sample. a, Unenclosed sheep: 
on acidic strata; 6, Unenclosed sheep pastures on limestone: c, limestone outcrops; d, meadows; e, road verges, mown frequently; fy 
verges, mown. infrequently; h, hedge bottoms; i, derelict banks of rivers, ponds and ditches: j paths; &, fallow: 
(such as building sites); m, demolition sites (brick and mortar rubble): n, cinders (tips and railway ballast 
as manure heaps and sewage sludge. as 


pastures; g, road y 
/, heaps of mineral 





desiccation**, In marked contrast, both the competitive and the 
ruderal strategies. are associated with high potential relative 
growth rates?3:2627,. 00 000 

The ruderal strategy 






-The majority of herbaceous species in 
highly disturbed habitats are annuals or short-lived perennials. 
A result of disturbance is the release of space and relief from 
stress and competition. It is not surprising, therefore, to find 
that a characteristic of many ruderals is the capacity for rapid 
seedling establishment and growth*®*, A related feature is the 
tendency for a high proportion of the photosynthate to be 
directed into seeds and, under conditions of stress, for seed 
production to be maintained at the expense of vegetative 
growth?®-20, 


Ordination of species . 

To test the practical value of ordination by strategy, tests were 
carried out using data from an unpublished survey of the vege- 
tation of the Sheffield region. As a first step, a triangular 
ordination was carried out on 100 herbaceous plants prominent 
in the data. One axis in the ordination was designed to cor- 
respond to the relative importance of the competitive strategy 
and was a numerical index based upon estimates of the maxima 
in height of canopy, lateral spread and litter accumulation 
derived from the field observations of Dr J. G. Hodgson and 
myself. The results of numerous investigations (for example 
refs 5-8, 11 and 13) suggest that in a majority of competitive 
species height of canopy is of greatest importance. For the 
purposes of this investigation, therefore, the maximum possible 
score for height of canopy was arranged to be twice that allowed 
for either lateral spread or litter accumulation (legend of Fig. 2). 
The competitive index used here differs from a predecessor?’ 
both in the introduction of a weighting system and in the fact 
that relative growth rate is not incorporated. The second axis, 





















on a log scale, referred to stress tolerance and was Rma 
maximum relative growth rate of the species recorded duri 
period 2-5 weeks after germination in a standardised, 
growth-room environment??. The values of Rmax Sl 
regarded as first estimates and may be subject to revis 
become available for other seed sources and conditions 
growth. — : 
In view of the provisional nature of the data, it is rea 
to find that the majority of the species fall within thè- 
(Fig. 2) and, with certain exceptions, for example, ¢ 
vulgare, Scabiosa columbaria and Tussilago farfara, lie o 
proximity to species with which they have strong ecologica 
affinities. The left-hand corner is occupied by species toler 
of desiccation, for example Sedum acre, or shade, for example — 
Sanicula europaea, or frequent in nutrient-deficient habitats 
whether acidic (Deschampsia flexuosa, Nardus stricta), calcar- 
eous (Helictotrichon pratense, Sesleria albicans) or associated 
with a wider range in soil pH (Sieglingia decumbens, Viola __ 
riviniana). Annual plants are concentrated in the ‘ruderal 
corner’ and show a significant (P< 0.001) and anticipated® rise 
in seed weight with increasing competitive index. Species of 
productive, derelict habitats occur towards the apex of the 
triangle. The unique position in the ordination of Urtica dioica 
is due to the unusually rapid growth rate of the species 
and is consistent with the sensitivity of the species to mineral- 
nutritional stress?®™ 3%, The location of the winter annuals Aira... 
praecox, Veronica arvensis, Arenaria serpyllifolia and Draba 
muralis coincides with that predicted for disturbed, unproductive ` 7 
habitats (Fig. 1g) and is quite distinct from that of the perennial: 
plants such as Festuca ovina and Koeleria cristata, with which = 
the annuals occur on limestone outcrops. This suggests that in. 
such habitats the patches of bare soil occupied by the annuals. 








constitute a distinct spatial and temporal niche. 
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Ordination of vegetation samples 


The second step in evaluating the approach was to ordinate vege- 
tation samples from a wide variety of habitats. The axes were 
based on mean values for individual quadrats of both the com- 
petitive index and Ryax,With R max again plotted on a logarithmic 
scale. In the case of the competitive index, the values for each 
species which contributed towards the mean for the quadrat 
were weighted according to the relative importance of the species 
in the m? sample. An identical system of weighting was applied 
in the calculation of mean Rmax for the quadrat although here 
data were necessarily restricted to those species for which 
growth analyses had been carried out ( > 50%% and including the 
more frequent species in the majority of samples). A selection 
of the ordinations is presented in Fig. 3. The various types of 
vegetation occupy positions in quite close agreement with those 
predicted in Fig. lg. The figures illustrate the tendency of 
samples from stressed habitats (a, b, ©, disturbed environments 
(j, k) and semiderelict but productive sites (g, h, i) to extend into 
respective corners of the triangle. Vegetation types experiencing 
a moderate intensity of orderly disturbance (d, e, f) tend to 
occupy Compact areas in the centre of the diagram. By contrast, 
samples from spoiled land (/-0) show an attenuated distribution 
which seems to represent the course of vegetation succession in 
these new habitats (compare Fig. Je). 

Figure 4 illustrates the pattern of species density which was 
obtained by pooling data from 25 ordinations (925 samples). 
When 103 samples from extremely acidic soils (surface soil 


- pH<4.1) are discounted the predicted decline in species density, 


towards the apex of the triangle, is apparent. The fall in species 
density in the lowest rank of cells is probably related to the 
scarcity of species adapted to extremes of stress and disturb- 
ance’, 


_ Future developments 


The consistent patterns evident in Fig. 3 are encouraging, par- 
ticularly in view of the fact that the samples in each ordination 
have been drawn from localities scattered over a wide geo- 
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Fig. 4 Pattern of species density 
(number of species m~?) obtained 
by ordination of 925 samples of 
herbaceous vegetation from a wide 
range of habitats. Axes are the 
same as in Fig. 3. In each cell the 
uppermost values are the mean and 
95% confidence limit for samples 
from sites with a surface soil 
PH > 4.0. The lower values refer 
to samples of pH < 4.1. 


* Cells containing less than five 
samples. 


graphical area. However, there is obvious scope for refinement 
of the method. There is a need for more accurate estimations of 
R max and for an assessment of the extent to which this attribute 
and others used in the ordination is subject to intraspecific 
variation. It is also necessary to evaluate alternative criteria with 
respect to both the competitive and the stress-resistant strategies. 
In addition, the possibility of a ‘ruderal axis’, perhaps related to 
‘reproductive effort’*? remains to be examined. 

None of the species in Fig. 2 occurs within the two areas of 
the triangle corresponding to extreme competition or severe 
stress. This may be due to deficiencies in the axes or in the data. 
An alternative explanation is that it is necessary to explore 
beyond a temperate herbaceous flora in order to find the neces- 
sary conjunctions of Rmax and competitive index. 

The value of this triangular ordination to vegetation manage- 
ment lies at present in the ability to detect the intensity of com- 
petition and stress and to predict the intensity of disturbance at 
particular sites. If the approach is to be put to maximum use, 
however, it must be complemented by techniques which identify 
particular forms of competition, stress and disturbance. 

I thank Dr J. G. Hodgson and Dr R. Hunt for their helpful 
criticism of the manuscript and for their permission to draw 
upon the results of unpublished collaborative projects, and also 
A. V. Curtis and A. M. Neal for their participation in field and 
laboratory work. This research was supported by the Natural 
Environment Research Council. 
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electron microscopic montages of foetal 
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Computer-aided reconstruction of immature brain cells with 
highly irregular shapes from serial electron microscopic 
montages gives three-dimensional images and quantitative 
data on surface areas,and volumes, providing new classes 
of data on cell behaviour during development. 


KNOWLEDGE Of structural relationships between cells in the 
central nervous system has reached a leve! of precision that 
requires efficient high resolution methods of quantitative three 
dimensional analysis. The classic Golgi method!:” provides a 
blackened image of the complete silhouette of individual cells 
against an almost colourless background, and steps have been 
taken to obtain quantitative cytological data with computer 
aid®, But this method lacks adequate resolution and usually 
does not facilitate visualisation of relationships between con- 
tiguous cells. The transmission electron microscope provides 
appropriate resolution and facilitates visualisation of the pro- 
files of cell bodies and processes, and their relationships with 
other cells in a given field of view. Preparation of several 
hundred consecutive serial sections is now feasible and com- 
puter-aided reconstruction methads have been applied to 
electron microscopic analysis of the organisation of inverte- 
brate neural tissue (refs 4 and 5 and personal communication 
from S. Brenner). We describe here the application of a quanti- 
tative computer-aided method to the analysis of cell shapes, 


Department of Neuroscience, Children’s Hospital Medical Center, Boston, 


volumes and surface areas as visualised in electron micro- - 


graphs of a sector of foetal monkey cerebrum. 

A 58-d embryo was removed from an anaesthetised Macacus 
rhesus monkey by hysterotomy and perfused through the 
circulatory system with a mixture of 1°% formaldehyde and 
1.25% glutaraldehyde in 0.1 M phosphate buffer®. Blocks of 
tissue 1x 10.5 mm were postfixed in OsO,, stained with 
uranyl acetate, dehydrated and embedded in Maraglas. Pre- 
cisely oriented transverse sections 1 um thick were cut from 
a sector of cerebral wall approximately at the border of the 
occipital and temporal lobes (Fig. la). The block was re- 
mounted and trimmed to a rhomboid shape, yielding a final 
block face that extended from the ventricular zone to the base 
of the cortical plate (Fig. 16) and included a sector of sub- 
ventricular zone about 100 um thick and intermediate zone 
300 um thick (neuroembrylogical terminology recommended 
by Boulder Committee’). A set of 170 consecutive serial 
sections, each about 80 nm thick, was mounted on Formvar 
film on one-hole (1x2 mm) grids and stained with uranyl 
acetate and lead citrate. From every third section, 16-20 
overlapping fields were photographed at x 2,800 with a Hitachi 
electron microscope and montages were prepared of prints 
at a final magnification of x 8,400. Selected cells and their 
nuclei were outlined on transparent acetate sheets, and minor 
adjustments in alignments were made by reference to nearby 
transversely cut cell processese and capillaries. ` Registration 
marks were placed on each transparency for alignment 














Fig. la Outline of a coronal section across the occipital lobe 
of a 58-d-old monkey embryo. The cerebral ventricle (CV) is 
relatively large at this stage and the lateral wall (L) is much 
thicker than the medial wall (M) on which the incipient calcarine 
fissure is slightly indented, The shaded area between the arrow- 
heads indicates the position of the block of tissue that was 
processed for electron microscopy. b, Drawing of a | um thick, 
toluidine blue-stained section across the entire area shaded 
in (a). The cerebral wall from the ventricular surface at the 
bottom to the external surface at the top of the drawing consists 
of ventricular zone (VZ), subventricular zone (SV), intermediate 
zone (1Z) and cortical plate (CP). The area outlined by the 
rhomboid was cut serially for electron microscopy. Overlapping 
squares represent individual fields photographed for the re- 
construction on photomontages. Arrows A to F point to the 
positions of six cells reconstructed in this study. 


purposes. A representative electron microscopic field from 
which cell outlines were traced is illustrated in Fig. 2a. 
Considerable human judgement is involved in the choice of 
valid cell contours, and we thought it not worthwhile to attempt 
to automate this step. 
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Computer analysis 


The cell and nuclear contours on the serial section trans- 
parencies were digitised as follows. The registration marks 
on successive transparencies were carefully aligned with pre- 
marked registration indicators on the digitiser to establish 
the x and y axes, and the height of the serial section above a 
reference level was dialled into the digitiser to provide elevation 
information (z axis). In the case of cells with complex shapes, 
more than one contour sometimes appeared on a transparency. 
Each contour on the transparency was traced with the cursor 
of the digitiser and the coordinates of selected points were 
recorded by the operator. The x-y coordinates of each point, 
the z coordinate of the transparency, and an identifying integer 
were transferred automatically to punched cards. Each closed 
membrane contour constituted a data set. Scaling information 
was recorded separately and used to convert the x~y—z data 
into absolute physical units. 

The basic software for processing was prepared for an 
IBM 360/75 computer. The software reads the individual 
sets of data into memory, recognises multiple contours on a 
level, scales the data and computes the volume and surface 
area of each cell and nucleus as represented by the digital 
images. Registration is not necessary to obtain volume and 
surface area, but is necessary for graphic presentation. 

Graphic software has also been written which gives the 
viewer the choice of observing the cell from any desired angle 
of rotation about the axis of the image (Fig. 2b-d). Standard 
Eulerian and projective transformations accomplish this 
efficiently. Presentation of the cell or nucleus as a three dimen- 
sional solid in space required the suppression of points hidden 
from the observer's eye. The requirement for a fixed number 
of points per contour is too strict a condition for the type of 
data considered®. A new method was developed which has no 
constraints on the number of points per contour or the number 
of contours per level. An arbitrary maximum can be set on 
the total number of points needed to specify the cell. The 
visibility algorithm depends only on the property of whether 
a point falls inside or outside the contour of visible points 
which preceded it. Visibility is determined data set hy data 
set beginning with the first contour on the level closest to the 
observer and proceeding to the last on the contour furthest 
away. 


Fig. 2a Electron micro- 
graph of cell C in serial 
section no. 83. Although 
the processes of all cells 
are in close apposition, 
it is relatively easy for the 
human observer to trace 
the irregular outline of a 
given cell. b~d, Cell C, as 
reconstructed from sev- 
eral fields, including that 
shown in (a). Only every 
ninth outline is repre- 
sented, to make diagrams 
legible. In the three draw- 
ings, the cell is rotated 
on the axis running from 
pole to pole by 0°, 45° 
and 135°, respectively. 
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Considerable savings in computer time can be effected with 
a variation of the method. The intensity of each segment 
making up a contour is weighted according to its distance 
from the observer; nearer contours are reproduced in progres- 
sively thicker and darker lines, further ones are thinner and 
lighter (Fig. 2b-d). The effect achieved is similar to full hidden 
line suppression. To illustrate the savings achieved with this 
method, two trial cases each having 800 points of coordinate 
data representing 25 levels of contour data were processed 
- using (1) full hidden line suppression, and (2) intensity weight- 
ing. Full hidden line suppression required 2.5 min of Central 
Processing Unit time on an IBM 360/75 computer compared 
with 0.5 min for intensity weighting. Therefore we used the 
latter mode of presentation in the preparation of the computer 
graphics presented here. 


Three dimensional reconstruction 


Of 24 cells reconstructed, six were examined in detail: two 
in the subventricular zone (Fig. 14, cells A and B), two in 
the inner part of the intermediate zone (cells C and D) and 
two in the outer part of the intermediate zone (cells E and F). 
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volume though not in shape (Fig. 3b, d and i-/). The nucleo- 
cytoplasmic volume ratios and the cell surface area~volume 
ratios express numerically the relatively round compared with 
the elongated configurations of the cells (Table 1). The most 
interesting quantitative feature is the striking difference in 
cytoplasmic volume between cells E and F, which migrated 
the greatest distance, and cells C and D, which migrated less. 
If these four cells belong to the same postmitotic neuronal 
class, the data suggest considerable cell growth during migra- 
tion. Alternative possibilities are that the cells are not statistic- 
ally different in size or that cells C and D are smaller because 
they belong to a different population, destined for a different 
cortical layer’. Another important quantitative feature is the 
increase in surface area during elongation of the cells to bipolar 
shapes (compare celis A and B with C and D in Table 1) and a 
possible further increase in surface area as cells approach the 
cortical plate (cells E and F), an indication of net synthesis 
of cell membrane during migration. When more significant 
statistical samples are obtained new concepts may well emerge 
concerning the mechanisms and significance of cell movement 
in the developing central nervous system. 

Figures 3e~h show that at the stage of cortical development — 
under study, every migrating neurone examined is in contact 
with radially oriented fibres (compare refs 6 and 10). The 
leading processes of the migrating neurones have complex 











Table 1 Quantitative cellular data 
Ratio: Ratio: 
Surface area Total volume area Cytoplasmic volume Nuclear volume nuclear volume 
Cell {(umž) (um?) volume (um*) (um?) cytoplasmic volume 
A 140.1 155.0 0.904 44.7 110.3 2.47 
B 177.7 239.6 0.741 50.5 189.1 1.83 
C 266.7. 200.9 1.33 75.1 125.8 1.68 
D 212.0 179.8 1.18 63.5 116.3 1.83 
E 305.4 264.7 L.i5 121.3 143,4 1.18 
F 235.9 239.8 0.984 103.2 136.6 1.32 





Fronrtheir positions and morphology as represented in random 
sections, we had suspected that cells A and B were subventri- 


cular (neuronal or glial percursors, possibly still proliferating), 
while cells C~F were postmitotic young neurones whose 
positions along the migration trajectory to the cortical plate 
should, in a general way, reflect their ages®’*. Three-dimensional 
computer displays of the contours of cell C reconstructed 
from many sections, and viewed from three different angles 
are illustrated in Fig. 2b—d. 

Drawings of all six cells, their nuclei and some contiguous 
bundles of fibres of relatively small calibre are shown in Fig. 3. 
These were made manually to scale directly from the tracings, 
with frequent reference to the original electron micrographs. 
Comparison of Figs 2d and 3e shows that the manual and 
computer reconstructions give similar results. 


Volumes and surface areas 


The computerised method of cell reconstruction reported 
here represents a departure from the slower and more laborious 
wax plate procedure adopted in earlier electron microscopic 
studies®}"45, It requires less time and labour, and provides 
a set of quantitative data of biological interest (Table 1). 
Although the sample of data is small, it suggests certain 
trends. Of the two subventricular cells, B has a much larger 
nucleus, which seems to be in a different class from those 
of the other cells, and we suspect both from this measurement 
and its electron microscopic appearance that cell B has just 
entered mitosis. The other nuclei resemble one another in 


forms, reminiscent of the appearance of cells observed directly 
during migration in tissue culture. Leading processes com- 
monly extend along more than one radial fibre (Fig. 3e and 
h). They terminate within the intermediate zone and in the 
sample of 24 cells, they have not been seen to extend into the 
cortical plate or through it to the external surface of the- 


cerebrum. The cell shape (Fig. 3g) suggests that the leading pe 


processes are plastic, some withdrawn and others extended 


further as the cell migrates toward the cortex; if the number | a 
and form of the leading processes were fixed, this cell would 
be unable to advance beyond the fibre bundle that lies across . 


the migration path and passes in front of one apical process 
and behind the other. Trailing processes were followed in 
some instances to their tapered terminations (for example, 
cell E) or to a point where they pass from the serially cut 
tissue (for example, cell C). It is also noteworthy that the 
rounded subventricular cells A and B, which do not seem to 
be migrating, likewise contact radial fibres (Fig. 3a and e). 
Such cells were not examined in the earlier studies, and 
it is not clear from this small sample whether or not sub- 
ventricular cells usually relate to radial fibres. 


Further prospects 


Investigators may have some difficulty in estimating their 
computer requirements in relation to the complexity of their 
biological data. On the one hand, a mini-computer such as 
the PDP-11/05 with graphic accessories would permit the 
recording and display of a set of serial section contours but 
would allow only limited image rotation or data storage for 
large complex cells. On the other hand, a computer of the 
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IBM 360/75 type which we used has a larger capacity than 
we needed. Its greater storage capability will be necessary, 
however, to handle more complex issues such as spatial rela- 
tionships among several cells that are changing their positions 
relative to one another in the developing brain. It will be 
needed also for analysis of the shapes and relationships of 
mature neurones, particularly for quantitative plotting and 
three dimensional display of synaptic inputs. 
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Fig. 3 a, c, e — h represent 
reconstructions of cells 
A to F respectively. 
Cells were drawn with 
the aid of superimposed 
outlines of cell profiles 
in serial sections at diff- 
erent levels traced onto 
transparent Mylar sheets. 
Some of the fibres which 
lie in contiguity with the 
migrating cells were also 
traced and reconstructed 
but most of the neigh- 
bouring cells and pro- 
cesses were omitted, b, 
d and i-/ Represent simi- 
larly reconstructed nuclei 
of cells A to F, respec- 
tively. 
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Was Jupiter the protosun’s core? 


THE differences between Jupiter and conventional stars 
are apparently due solely to its small mass. Therefore in 
looking for possible means of formation of the Solar System 
it is natural to attempt to establish the origin of the 
Jupiter-Sun binary system. The other planets could be just 
a by-product of the evolution of this system. 

i shall start from the hypothesis that the close binaries 
form as a result of the rotational-exchange instability of 
the protostar (my unpublished work). This hypothesis can 
be formulated as follows. 

Immediately after the collapse of the prestellar cloud, 
convection begins in the protostar formed'. The initial 
differential rotation is replaced in a zone of convective 
mixing by uniform rotation (mixing can be caused by an 
instability of the differential rotation proper during the 
onset of quasihydrostatic equilibrium in the protostar). 
Because of the transfer of angular momentum, the centri- 
fugal force can exceed the gravitational force in the outer 
layers. These layers will then become separated, forming a 
massive ring rotating around the protostar. A fast (adiabatic) 
loss of mass from: the: convective zone (the politrope index 
being 1.5) produces an increase in its size’. As a result, 
the transfer of mass on to the ring, just as in the later 
stages of close binary evolution, proceeds on a ‘dynamic’ 
timesscale until the convective envelope is totally lost?. The 
ring is unstable, breaking up and collapsing into one or 
several bodies at some stage. 

In this way a multiple system is formed, and the mass 
ratio of its components should thus depend on that of the 
convective zone and of the stable core in the protostar. 
The fraction of the total mass involved in convection 
depends critically on the density of the prestellar cloud, but 
it should generally be larger the smaller is the mass of the 
protostar’. The accounts for the observed decrease (ref. 5 
and my unpublished work) of the number of binaries with 
a short period (P <5-7 d) and a small component mass 
ratio (q < 0.8) as one goes from B to F stars. Apparently the 
masses of the convective envelope and of the stable core 
in protostars forming close binaries with F components are, 
on the average, the same. The systems here have a g~ I. 

With less massive protostars, systems with g < 1 should 
appear again (my unpublished work) but here the more 
massive component is formed by the lost matter. The loss 
of a larger mass releases a larger angular momentum J 
contained in the protostar. The system period increases at 
a fixed total mass, PŒ J*(l+q)*g™" becoming longer than 
5~7°, Such systems are difficult to find. 

When convection extends throughout the protostar, 
practically all the initial mass should become transferred 
on to the object formed by ring condensation. 

Indeed, convection penetrates into the star from outside, 
so that fast mass transfer begins, as a rule, before convection 
has reached the centre. Matter involved in convection is lost 
continuously so that the protostar retains only a small 
fraction of its initial mass at the time when the centre 
regains radiative stability after becoming convective. 

The major factor determining the completion of transfer 


is apparently the cooling of the protostar remnant caused 
by its fast expansion and radiation of energy. Nonvolatile 
components condense, forming in the protostar remnant a 
rocky core (and probably bodies orbiting in the outer 
rarified zone of the remnant). 

Thus the above process of breakup of the protostar and 
of the mass exchange between its fragments results in the 
formation of a fairly wide system consisting of a newly 


formed massive star and the remnant of the protostar, its = 


mass being much less than the initial mass. We now have a 
star with a satellite, that is with a planet. 

Turning now to the Solar System, it 
assume Jupiter to be such a remnant of a protostar. This 
provides an easy explanation for the origin of the terrestrial 
planets and for their great difference from the massive 
Jupiter. These planets condensed and acquired angular 
momentum from the matter streaming from Jupiter—the 
protostar (the primary component)—to its satellite—the 
Sun (the secondary component). 

This matter carries some angular momentum and there- 
fore forms a rotating disk around the secondary. Keplerian 
motion in the disk is upset by friction transferring angular 
momentum to the disk’s periphery. From here, the matter 
is thrown out by centrifugal force which carries away the 
momentum excess. The matter from the disk’s interior is 
deposited on to the secondary’. 


is natural to | 


The gas dynamics of such a rotating disk have not been — 


studied in detail but it is evident that the physical para- 
meters should vary over a wide range, from thousands of K 


and tens and more atmospheres in the stream flowing from | 
the primary’ and in shock waves generated by its motion, to. 
hundreds of K and fractions of an atmosphere far away © 
from both components. Within such a wide range one can _ 
easily envisage the realisation of the conditions necessary | 
for the production of some chemical compounds and of their 


condensates which are needed for the formation of the 
terrestrial planets®’. 

As for the planets beyond Jupiter, they could have fone. 
from fragments of already sufficiently dense matter which 
remained from (or was thrown out in) the collapse of the 
ring separated from the protosun. The majority of the 
fragments coalesced and/or dispersed in collisions with one 
another and the parent bodies. The remaining fragments 
could have acquired arbitrary orientation of axial rotation 
(Uranus). 

Afterwards, when the disk rotated around the Sun giving 
birth to the terrestrial planets, the loss of excess angular 
momentum from it resulted in the matter concentrating 
beyond the Jupiter-Sun system. Part of the matter was 
captured by the massive fragments-planets, while another 
part (just as in the inner disk but at a lower temperature) 
could condense to form planets similar in many respects to 
those of the Earth group, as well as comets (Oort’s cloud). 

The reasons for the slow rotation of the Sun, just as in 
the case of close binary stellar systems (my unpublished 
work), should be looked for in the effect of the rotation of 
the primary on the magnitude (and even sign) of the 
angular momentum of matter streaming away from it”, If 
the equatorial velocity of the primary greatly exceeds the 
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rbital velocity then the streaming matter will not form a 
disk, and the secondary (the Sun) will increase in mass with 
almost no increase of the momentum of its axial rotation. 
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l Gamma rays from black holes 


As a result of electron ion decoupling, the compression of 

interstellar matter falling on to an isolated black hole results 

in ion temperatures greater than 100 MeV as the matter 

approaches the Schwarzschild radius. Here, experimental pion 

- production cross sections are used to calculate the rate of 
= production of y rays from this hot gas. A characteristic 
y-ray spectrum is produced, which peaks at 18 MeV regardless 
of the mass of the black hole or the interstellar density. 

Matter accreting on to a black hole may be heated to very 
high temperatures and radiate y rays':*. The accretion of matter 
onto a black hole can be treated as a hydrodynamic flow if a 
weak magnetic field is carried with the accreting gas!*. In the 
hydrodynamic model the accreting gas is rapidly compressed 
as it falls inwards, causing a significant fraction of the gravi- 
tational potential energy to be converted into thermal energy. 
Moreover, if the mass of the black hole is not toolarge(< 10!‘M@) 
the accreting gas radiates away only a small fraction of the 
available thermal energy!?, so the compression of the accreting 
gas will be very nearly adiabatic. The temperature of the 
accreting gas at a distance r from the centre of the black hole 
is given by:. 

O(r) = 0.5 Oy (ri/r) TNs (1) 
where y is the average adiabatic index, r; is the distance at 
which the gas begins to fall inwards, and 6, is the temperature 
of the gas as it begins to fall. The distance r; will be given by?: 

ri = (2GMic*) (mp c°/Y0o) (2) 
where M is the mass of the black hole and mp is the proton mass 

«(assuming that the interstellar medium is predominantly 
hydrogen). 

< The temperature of the accreting gas near the gravitational 
radius, r, = 2GMjc®, depends markedly on whether the gas is 
< tonised when it begins to fall inwards. If the gas is not initially 
= donised, then the temperature of the accreting gas does not get 
- hotter than about 10° K (ref. 2). The gas near a black hole may, 
< however, be ionised with 6,~ 1 eV (ref. 3), in which case (using 
“a -one-temperature approximation and assuming an average 
-adiabatic index of 13/9 when the electrons become relativistic) 
there is a gas temperature of 10! K near the Schwarzschild 
adius*, The electron-ion coupling time, however, turns out to 
be much longer than the radial infall time so that it is more 
ppropriate to use different temperatures and different adia- 
atic indices for the ions and electrons. As the ions are non- 
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relativistic at temperatures less than 100 MeV y == 5/3 can be 
used, and the ion temperature is !: 

0;0°) = 0.3 mpc? (r,/r) (3) 
Thus, the ion temperature exceeds 100 MeV as the accreting 
gas approaches the gravitational radius. The ion density is}: 

nr) = 6.10} ny (rir)? (4) 

Considering the change in adiabatic index for the relativistic 
electrons, they approach a temperature of about 10 MeV near 
the gravitational radius if M < 10!‘M@. The ion-electron 
Coulomb coupling time for r< 100r, is > 10° s, which is far 
longer than the radial infall time < 107? s, so the ions and 
electrons are indeed uncoupled. This is not altered by the 
presence of a turbulent magnetic field! if there is approximate 
equipartion of the magnetic field energy and the gas kinetic 
energy. The turbulent magnetic field tends to heat the ions at the 
expense of infall kinetic energy. The validity of the hydro- 
dynamic approximation depends only on the smallness of the 
proton cyclotron radius relative to scales of interest. 

At temperatures in excess of 100 MeV proton-proton 
collisions result in copious pion production, and y rays will 
be produced because of the decay n°---2y. This process is the 
main contribution to the y-ray luminosity of black holes. 

The rate of n° production in a hot gas with proper density n is 
(77/2) <)> Gv(8); where <no> is the average number of 
n°’s produced per collision, and o is the pion production 
cross section. The quantity ov(@) is related to the laboratory 
pion production cross section o(£) by: 

ov(8) = Jfo(Ev)vif(pi)f(p.) dp, dp, (5) 
where v, is the laboratory velocity and f is the thermal distribu- 
tion. Numerical evaluation of equation (5), using the experi- 
mental pion production cross sections’, and a relativistic 
Maxwell distribution, provides a curve of ov against 0 (Fig. 1). 
Knowing the ion temperature and density as a function of r 
the production of pion y rays can be calculated as a function 
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Fig. 1 Relativistic thermal average of ov, where o is the cross _ 
section for the total pion production. 
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Fig. 2 Differential y-ray spectrum from a 10 Me black hole ina 
region of density = [| cm*, and 6, = lev. 


of r. The total rate of emission of y rays resulting from spherical 
accretion is: 


Cf 
Ny = — nov (6) [H + (cos y—Vid/I—Vje cos y) 
2nr’dr (6) 


where vis the radial infall velocity and y is the half angle of the 
radiation ‘escape cone”, Numerical evaluation of the right side 
of equation (6), using the values of cv (6) shown in Fig. 1 and 
equation (3) and (4) gives: 

yx 3x 10% (M/Mo)* (I eV/8,)° na s™ (7) 
These y rays have energies of the order of 20 MeV, so that the 
y ray luminosity resulting from spherical accretion is: 

Ly x 10 (M/Mo@)* (G eV/8,)? na? erg s~ (8) 
This is larger than the y-ray luminosity resulting from brems- 
strahlung emission’, but it is small compared to the total 
luminosity of the black hole, which results from the synchrotron 
radiation of visible light’. It may be larger than indicated in 
equation (8) if matter is falling onto an isolated rotating black 
hole because of the accumulation of matter in orbits near rp. 
Accreting disk models in binary systems®, have a much lower 
luminosity y-ray because the accreted material has time to 
radiate a significant fragtion of its energy, thus invalidating 
the adiabatic approximation. 
~ . “Phe spectrum of y rays emerging from the accreting gas will 
be determined by: the energy spectrum of the x°s as observed 
by a comoving observer; the Doppler shift resulting from the 
radial infall of the gas; and the gravitational redshift. More 
than half of the y-ray emission comes from the regionr, <r<2r,, 
so the gravitational red shift is an important effect. 

The y-ray spectrum in a comoving frame which results from 
the energy spectrum of the 1®’s, can be calculated to sufficient 
accuracy by noting that for laboratory energies of less than 
4 GeV almost all pion production occurs through an N*(1236) 
intermediate state. Thus, in order to calculate the y-ray spec- 
trum in a comoving frame only the y-ray spectrum in the rest 
frame of an N*(1236) need be known. It can be obtained’ by 
convoluting the spectrum in the N* rest frame with the re- 
lativistic thermal Doppler spectrum ¢(@) = (2w) ylw) exp 
[Gnyc?/O;) y(0)]/KiCmnyc?/8,); where (œ) = (@/@) + 
@,/@)/2 and @ is the y-ray energy,in the N* rest frame. If ©, 
is the y-ray energy in the comoving frame then the frequency 
measured by a distant observer is: 

Mons = i [(A—v/e)/ A + vie}? Arry” (9) 
(We have neglected the angular dependence of the Doppler 













shift because the escape cone light of sight is nearly radial 
when the infall velocity is largest.) The spectrum obtained. b 
integrating the contributions from all radii has a width ¢ 
~80 MeV, and falls off approximately as E~? for 100- M 
<E< 300 MeV (Fig. 2). . 

The spectrum (Fig. 2) is universal in the sense that its shay : 
is independent of the mass of the black hole or the interstella 
density. Thus, if many black holes are present in the Universe. 
some kind of anomalous feature could be expected in the y-ray 
background in the neighbourhood of 10 MeV. The spectrum ae 
from black holes in our Galaxy would have a peak at 18 MeV: | 
the spectrum from black holes in other galaxies would peak __ 
below 18 MeV because of cosmological redshift which lowers 
the peak in the ‘background’ spectrum to ~ 10 MeV Ano 
anomalous feature in the y-ray background at about 10 MeV. | 
has, in fact, been reported at a level of about 10 ys em? got srt! 
MeV- (refs 8 and 9). eee 

If this anomaly results from isotropic emission from extemal : o 
galaxies with 30 M@ black holes, then about 10 black holes 
per galaxy are required, assuming equation (7) for the yray 
luminosity and 7) = 100 cm~*. As mentioned, higher y-ra 
luminosities may occur, thereby decreasing the numb« 
black holes required. In our Galaxy, upper limits on 
emission above 15 MeV from the galactic centre! indicat 
that as many as 10’ 30 M@ black holes may be in that vicinity 
na = 100 cm~. by 
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Do black holes really explode? 


THE creation of particles out of the vacuum will occur in o. 
regions of space-time where the metric is changing rapidly, = 
Theoretical discussions of this process encounter some interpre- moe 
tational difficulties, however, because the concept of ‘particle’ 

is only well understood in Minkowski space. Nevertheless, in 
some simple cases, for example with the metric of homogeneous 
cosmologies, or of black holes of the Kerr and Schwarzschild 
type, the existence of a global timelike Killing vector allowsa 
very plausible extension of the Minkowski space definition of 
particle. A number of exact results may then be proved. One of re 
these results (ref. 1, and C. J. Isham and J. G. Taylor, personal. ~ 
communication) states that there is no creation of massless ` 
particles in the exterior region of a Schwarzschild black hole, 
which is the static end state reached as a result of spherically. o 
symmetric gravitational collapse, This result is not valid for a. 
Kerr (rotating) black hole for essentially classical reasons’. 
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Nevertheless, during the collapse of a spherically symmetric 
object, the metric near the surface will be changing rapidly on a 
time scale of t = 10° (M4/Mo@) s, so that on general grounds the 
production of massless particles with energy of order h/t is 
expected. Many of these particles will escape from the surface 
of the object and reach distant observers. The energy removed 
in this way will slow up the collapse and may even prevent it 
completely, thus causing the collapsing object to ‘explode’ in a 
burst of radiation. Exact calculations of this explosion are not 
possible with present theory, which does not enable the back 
reaction of the particle creation on the metric (a quantum 
gravitational correction) to be evaluated. A rough idea may be 
obtained, however, by treating quantised fields in a given 
classical background metric, and estimating the amount of 
particle emission as the collapse proceeds. 

If we assume that the production rate is more or less constant 
during the collapse, the surface will have a luminosity Lo, but a 
distant observer will see a rapidly fading luminosity as the 
retreating surface falls towards the event horizon: 

| L(t) = Ly exp(— t/t) (1) 
Particle creation will only be important for objects with 
M < < Mo, and it follows from equation (1) that in this case 
the radiation will be emitted in a flash with a duration of much 
less than a microsecond. The spectrum of radiation will be 
given (roughly) by the Fourier transform of equation (1), that is, 
proportional to v/(v? + vo") where v, = (2nt)?. This is 
peaked around v = v, so that a distant observer might ap- 
proximate this spectrum with that of a blackbody with a 
Planck spectrum vifexp (Av/AT) — 1], corresponding to a 
temperature 

T = hvk =~ 10° (M/Me) K (2) 
where k is Boltzmann’s constant. This result has already been 
obtained in another way’. 

Treating the collapsing object as a blackbody radiator with 
temperature T for the duration of the ‘flash’, the energy emitted 
per unit time will be about Ao7’, where o is Stefan’s constant, 
and A the surface area, which will not be greatly different from 
that of a final black hole of the same mass, that is, 16mG*M]/?/c'. 
Consequently, the total mass loss by the object as a result of 
massless particle emission will be in the region of 

(l6nM?’o) x (Av, /k)i= hei MG (3) 
with a numerical coefficient on the right hand side involving 
only small powers of 10. This result may be written as a 
fractional mass loss 

AMIM ~ (Compton wavelength of object/Planck length)’. 

Evidently, black hole explosions with AM x M will only 
occur for an object the Compton wavelength of which is 
comparable with the Planck length, that is for masses of about 
107 g and densities of 10% g cm”. This is just the region where 
quantum gravitational effects also become important. Indeed, 
this result is not surprising because in order to reverse the 
collapse, the back reaction of the created particles on the 
dynamics of the collapse needs to be appreciable, and this can 
only occur when quantum corrections to gravity become 
important. 

Equation (3) is confirmed by the detailed calculations of 
Zel'dovich and Starobinskii*, who have treated the problem of 
massless particle creation in the context of anisotropic cosmo- 
logical models. They have verified the formula A/c°t’, originally 
deduced on dimensional grounds, for the energy density of 
created particles at a time ¢ before collapse to a singularity. 
If a collapsing anisotropic single object is treated as a region of 
an anisotropic universe, this formula can be applied to obtain 
the total created particle energy-density over a time scale of 
order t to obtain 

(hit x (volume object) ~ he/ MG 
as before. Because of the additional tidal forces present in 
anisotropic collapse, spherically symmetric collapse would not 
be expected to lead to a greater particle production than this. 

The conclusions of this simple treatment of particle pro- 
duction around collapsing objects seems to be in conflict with a 
recent result by Hawking, who claims that black holes as large 
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as 10° gm would explode in massless radiation in about 0.1 s. 
Collapsing objects of this mass have an energy density only of 
the order 1077 of that of quantum gravity fluctuations, so 
that this ‘explosion’ is more like a slow ‘leak’. The e folding 
time for collapse is 107 s at this mass, so that Hawking's 
result implies that emission of massless particles continues to 
occur when the static limit of a Schwarzschild field is an 
exceedingly good approximation. It is not therefore clear what 
mechanism could be responsible for this emission (on the 
assumption of a reasonable definition of ‘particle’). Any 
particles produced near the surface of a collapsing object will 
find it increasingly difficult to escape as the event horizon is 
approached. The last quantum ever able to reach a distant 
observer does so after an (asymptotic) time of only about 
100 e folding times (1077 s in this case)®. Hawking’s result is, 
on the other hand, deduced on the assumption that the black- 
hole temperature given by equation (2) persists, unaffected by 
the collapse of the object, in the external asymptotic region, 
rather than fading out rapidly in accordance with equation (1). 
In our view it is a rather too literal interpretation of the concept 
of the ‘temperature’ of a black hole to apply it to emission 
processes in this way, and its use should be restricted to the 
discussion of absorption, as originally suggested by Bakenstein’. 
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Further simultaneous hard X-ray 
and optical observations of Sco X-1 


e 
THE optical and X-ray emissions from Sco X-1! are thought 
to come from a hot plasma as small as or smaller than a white 
dwarf!, but the energy source and the time variations of the 
radiation are not understood. 

In our 1971 observations we found a positive correlation 
between the optical luminosity and the intensity of hard 
X rays at the optically enhanced phase of Sco X-I (refs 2 and 
3). Although the optical enhancement seemed to be a flare, 
a rather poor time resolution of the photographic observation 
prevented us from identifying it for certain. During a balloon 
flight on April 16, 1972, an X-ray enhancement was observed 
simultaneously with an optical flare, the latter being verified 
by photoelectric observation. With the result of another 
balloon flight on April 19, 1972, the hard X-ray spectra at 
several different B magnitudes are available for the study of 
the correlation between X-ray and optical emissions. 

The instruments essentially the same as the one in the 
previous flight®, were laugched onA pril 16 and 19, 1972, from 
Hyderabad, India. The balloon floated at the atmospheric 
depth of 2.9 to 3.0 g cm~? for about 4 h in each case. One 
of the counters in the April 16 flight malfunctioned, and its 
data were discarded. 
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Date | Time (UT) Mg at 30 keV temperature Tes 

Sea. (keV cm~? 57! keV~) 
May !, 1971 2009-2018 12.6 0.060 + 0.023 4.7+4-0.7 8.6 
May 1, 1971 2057-2106 12.4 0.12 +0.01 5140.3 9.9 
April 16, 1972 2217-2225 12.5 0.12 +0.01 5.1 4:0.4 10.0 
< April 16, 1972 2241-2246 12.5 0.20 +0.02 §.3+0.5 10.7 
April 19, 1972 2046-2117 12.7 0.035 +0.009 4.0+0.7 11.0 


Table 1 Results for Sco X-I in selected periods 


X-ray intensity 








Apparent* 


* The plasma temperatures for the first four cases are obtained to be 3.6 keV, whereas 3.0 keV for the last case. 


Simultaneously with the balloon flight, Sco X-I was ob- 
served photographically with a 12-inch reflecting astrograph 
at the balloon launching station at Hyderabad and with an 
8-inch astrograph at Nizamiah Observatory, and photo- 
electrically with a 48-inch reflector at Rangapur Observatory. 
All these optical data were consistent with each other in over- 
lapping periods. Absolute X-ray intensities in three energy 
ranges, 17.3 to 22.3 keV, 22.3 to 27.1 keV and 27.1 to 31.8 keV 
from Sco X-1 on April 16 are shown in Fig. 1, with B magni- 
tudes. They vary in parallel to each other. The optical luminosity 
increased by. about 0.2 mag (around 2245 ut), while the X-ray 
intensity also increased. by a factor of 2. In Fig. | we also 
show the apparent temperature that is derived by fitting the 








kT (keV) 


Intensity (keV cm~? s~! keV~4) 





‘Time (UT) 


Fig. 1 Time variations of X-ray and optical emissions observed 
on April 16, 1972. B magnitudes indicated by open circles 
and black dots were obtained by the photographic observation 
with a 12-inch reflector and by the photoelectric observation 
with a 48-inch reflector. The apparent temperature kT is derived 
by fitting the observed spectrum” to the simple exponential 
_ form. The X-ray intensities in three energy ranges are obtained 
~~ py subtracting the background counting rates and correcting 
<u- for the effective area of the counter and the atmospheric ab- 
sorption. a, 17.3 to 22.3 keV; b, 22.3 to 27.1 keV; ce, 27.1 to 
31:8 keV. 


X-ray spectrum in the energy range 20 to 40 keV. to. the ex- o 
ponential spectrum. In the previous papers?:* the- apparent 
temperature was defined by fitting the observed X-ray spectrum: 
to the thermal bremsstrahlung spectrum with the energy- a 
dependent Gaunt factor. The appare temperature found 
here is lower than that obtained with the n “used befo 

The hard X-ray spectra obtained i1 
two flights are compared with those í 
May 1, 1971, in Fig. 2. The B magni udes, 
and apparent temperatures on the assumption 
ponential spectrum in these selected periods ar 
Table 1. A positive correlation between X-ray an 
emissions is clearly observed in the optically bright 
whereas the apparent temperature shows only a weak po 
correlation, in agreement with our previous resultè, 
the other hand, rather strong positive correlations have bei 
reported for lower X-ray energies*®, a. 

The observed features can be interpreted i in terms. oft her 
bremsstrahlung from a hot, semi-opaque plasma.: The ! 
bremsstrahlung X rays are subject to Compton scatterin: 
hot electrons. So the spectrum of X rays is consid 
modified in the energy range 1 to 10 keV (refs 7-$ 
only minor modification is predicted 1 in the energy rai 
20 keV, as is revealed by a theory of photon transport | 
lished work by J. N.). In the optical region free-free abso) 
suppresses the intensity of radiation emitted. Essential fe 
of the spectrum are dictated chiefly by the optical depth f 
electron scattering Te, and also to some extent by the electron 
density and the shape of the plasma. For comparison with 
experimental data, we have drawn theoretical Ley ba 



































3.8 keV. 
Properties of Sco X-1 obtained by A the sinalin 
and optical observations are summarised as foll 
(1) The X-ray intensity in the energy range 20 
shows a positive correlation with optical luminosity in jae 
bright phase of Sco X-1. In general the amplitude of Koray o 
variability is much larger than that of optical luminosity. 

(2) The apparent temperature of Sco X-i derived from the 
spectrum in the energy range 20 to 40 keV does not APPrece | 
iably change in comparison with considerable spectral varia-” 
tions in the energy range 1 to 10 keV. The plasma temperature 
does neither appreciably change during our observations. 

(3) Flare activity is associated with an increase of the total 
mass of a hot plasma. 


It should, however, be noted that on a few other occasions 
less steep spectra and higher intensities have been observed 
in optically less bright periods. Among these cases properties 
of Sco X-1 in the period of mg > 12.9 may be different from 
those we are concerned with. An exceptional result was found 
by Miyamoto et al.2° who observed an intensity twice as high 
as ours in the flaring period and a less steep spectrum for 
mg = 12.6. According to Uhuru observations, the correlation 
between X-ray and optical emissions in some rare periods 
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Intensity (keV cm~? s71 keV~') 


<=> 
SS 
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20 
Energy (keV) 


Fig. 2 Hard X-ray spectra observed in five selected periods. 
For comparison theoretical spectra are given for three periods 
in the 1972 flights with the values of plasma parameters given 
in Table 1. May 1, 1971: @, 2009 to 2018 utr, B= 12.6; ©, 2057 


2225 uT, B= 12.5; hatched diamond, 2241 to 2246 ut, B= 12.3. 
April Ne 1972: cross-hatched diamond, 2046 to 2117 UT, 
Bel? 


is different from that observed in most periods (H. Gursky, 
unpublished). Thus further comprehensive research will be 
demanded in order to construct a convincing model for any 
case of Sco X-I. 
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Society of Science Promotion. 
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Origin of neutron star magnetic fields - 


PULSARS are generally thought to be rapidly rotating neutron 
stars which have poloidal magnetic fields with intensities 
consistently in the range 10'2-10'* gauss (ref. 1). Most of them 
are believed to evolve from main sequence stars with original 
masses of >1.4-~8 Mo. Evolutionary computations’ * 
indicate that stars in this mass range develop a dense core of 
carbon and oxygen in which carbon begins to burn when the 
temperature reaches about 3 x 10° K and the density about 
3 x 10° g cm’. The rapid production of energy during this 
carbon-burning stage drives almost the entire core into convec- 
tion for an extended time of the order of 10" s (ref. 4), with 
convective velocities of the order of 10* cm s™ (ref. 5), provided 
that the rate of cooling through the convectively driven ‘Urca 
process’ is sufficiently high to stabilise carbon burning and to 
prevent the core from detonating and dispersing. If this se- 
quence is a reasonable approximation to reality then the 
existence of neutron star pulsars suggests that carbon burning 
is, in fact, stabilised until electron capture, or some other 
process, causes part of the core to collapse to a neutron star®”’. 

The origin of pulsar magnetic fields with nearly uniform 
intensities: is a matter of some interest. If a main sequence 
star with dimensions of ~10!! cm contains a poloidal field, 
of about 100 gauss in its interior, then conserved magnetic flux 
during collapse to neutron star dimensions of ~ 10° cm will 
produce a magnetic field of the order of 10!* gauss. This line of 
argument is usually relied on in discussions of the origin of 
the magnetic fields of pulgars. We have argued (not yet pub- 
lished) that turbulent transport and mixing of the magnetic 
field, during the convective carbon-burning stage, will dominate 
its behaviour in the core. In this case the simplest notions of 
conserved magnetic flux do not apply, the accepted line of 
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reasoning fails and the final magnetic field of the collapsed 
neutron star is not a unique descendant of the field which the 
star possessed while on the main sequence. 

Also in this connection, Ruderman and Sutherland* have 
suggested that turbulent convection during the carbon-burning 
period will produce an equipartition magnetic field with an 
energy density equal to the kinetic energy density of the con- 
vecting fluid. The final state reached by a turbulent, conducting 
fluid and magnetic field has not, however, been resolved, so 
this suggestion must be considered speculative. Although we 
feel that such speculation is along the right lines, it contains a 
difficulty which, to us, seems significant. According to Ruder- 
man and Sutherland® an initial seed magnetic field, B., of spatial 
scale R, is rigorously frozen into the fluid and stretched and 
tangled by the turbulence until it attains an equilibrium inten- 
sity, Bea, such that the energy density of the magnetic field is 
equal to the energy density of the turbulence. A convective core 
with radius R ~ 10 cm, and with an average density of 10° g 
cm, produces an equipartition magnetic field with Beq ~ 10° 
gauss. It follows, however, that in the absence of some specially 
contrived fluid velocity which is a function of the magnetic 
field, the final field will have a spatial scale, 6, given by 

8 ~ R V(B./Beg) 

Using the discussed values, ê ~ 3 x 10° yv B, cm; even with a 
seed field as large as 10° gauss, 8 ~ 10° cm. Collapse through 
two orders of magnitude in radius, to the dimensions of a neu- 
tron star, then results in the neutron star magnetic field having 
a scale of ~ 104 cm and an intensity of ~ 10'* gauss. Therefore, 
the surface magnetic field of a neutron star consists of some 10+ 
patches of magnetic field with intensities of 1013 gauss, with 
randomly varied polarities. Each patch has a magnetic flux 
of ~ 102! gauss cm?. The mean net flux through a hemisphere 
of the neutron star is then expected to be ~ /(10%) x 102), 
which is ~ 1023 gauss cm®. This is about an order of magnitude 
below what is inferred to be characteristic of pulsars’. Further- 
more, this process of magnetic field amplification leads to a 
large statistical spread in the net magnetic moments of neutron 
stars. The uniformity of neutron star magnetic moments, as 
inferred from the observed properties of pulsars, seems to 
inditate that the magnetic fields are produced with large spatial 
scales as well as with uniform intensities. 

We suggest that convection during the carbon-burning stage 
(before collapse to a neutron star) in a massive, rapidly and 
differentially rotating, degenerate stellar core, leads to the 
production of a large scale magnetic field within the core itself, 
through the action of a hydromagnetic dynamo. Solutions of the 
hydromagnetic dynamo equations’ use a dimensionless num- 
ber, N, known as the dynamo number!**?*: 

N = YTR? n? 
where y is the rate of monuniform rotation, T is essentially the 
cyclonic component of the convection in a rotating body, 
Ris the spatial scale of the dynamo region and n is the magnetic 
diffusivity. We have calculated (not yet published) the condi- 
tions which will produce a quadrupole like magnetic field con- 
fined to the convecting core of a star. A magnetic field will be 
generated if the fluid motions are such that N falls within the 
range of ~ 3,400 to ~ — 12,000. Ina turbulently convecting 
core, transport and diffusion of the magnetic field will be 
dominated by turbulent mixing, and so we use the magnetic 
diffusivity, n ~ O.1v,A, where v, is the turbulent fluid velocity 
and 2 is the scale of the large turbulent eddies**-*° (which we 
take to be about a pressure scale height). Setting yı equal to the 
average differential fluid velocity*® in the convecting and differ- 
entially rotating core, a magnetic field is produced when the 
convection extends over 5-10 pressure scale heights, as is the 
case in the carbon-burning core. The e-foiding growth time of 
the magnetic field intensity is calculated to be of the order of 
days (~ 105s) in the carbon-burninrg core. This is short compared 
with the time over which carbon burning occurs‘, so the field 
has sufficient time during this stage of stellar evolution to reach 
a saturation value, which will be determined by the dynamics 
of the fluid flow. We have estimated the saturation value of the 













mean magnetic field throughout the rapidly rotating degenerate 
core by equating the Coriolis force on the convection, to the 
magnetic field stress. We find the mean of the poloidal ai 
toroidal components to be <10°-10" gauss. This estim 
should only be taken as an approximation. It has been calculated 
by neglecting density variations throughout the dyné 
region and by using only the crudest hydrodynamic consid 
tions. The final state of the magnetic field will depend- on 
quantities not yet calculated, such as the fraction of the core 
which actually collapses to a neutron star. With this quantita- 
tive caution in mind, however, we suggest that such a dynamo _ 
magnetic field—-with a spatial scale which is that of the core 
itself, and a poloidal intensity of the order of 1012-103 gauss 
after collapse to neutron star dimensions-—is the progenitor of 
pulsar magnetic fields. y 
We consider elsewhere!®, further dynamical consequences: 
of this hypothesis. a 
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Lewisian age for the Scardroy Mass | 
Rocks of Lewisian aspect have long been recognised east 
the Moine Thrust in Sutherland, Ross and Inverness.” 
were correlated with the Lewisian west of the Moine thrust on 
petrological grounds' and were originally considered to. 


unconformably overlain by Moine rocks®. Sutton and Watson? _ 


at first questioned this correlation, but later accepted the view 
that rocks derived from the Lewisian basement are exposed at 


Fig. 1 Sketch map showing Lewisian ‘inliers’ (black) originally 

recognised by the Geological Survey within the area of Moine 

rocks (white). The Scardroy area, south-east of Achnasheen, 

is enclosed by a circle of dots. Vertical lines, Lewisian and 

younger rocks west of the Maine thrust; dots, Old Red Sand- 
stone. 
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Table 1 Rb-Sr whole rock analytical data 





Sample no. Description* and locality FR b/PSrt Sr Si Rbdi(p.p.m.jf Sr (p.p.m.jt 
MT-I Leucocratic, strongly banded, fine-grained gneiss. PI, Qz, 

Kf, Bi, Ap. North side of Loch Beannacharain: grid ref. 

NH229523. 0.859 - 0.012 0.7383 - 0.0002 84 285 
MT-5 Mesocratic, strongly banded, medium-grained gneiss. Pl, Qz, 

Ep, Bi, Kf, ore, Ap. North side of Loch Beannacharain: 

grid ref. NH233520. 0.191 + 0,006 0.7110 = 0.0003 29 436 
MT-9 Mesocratic, banded, medium-grained gneiss. Pl, Qz, Bi, Ep, 

Zo, Kf, Sph, Ap. Between Scardroy Lodge and Carn 

Mhartuin: grid ref. NH203526. 0.461 = 0.006 0.7222 + 0.0003 75 472 
MT-10 Mesocratic strongly banded, fine-grained gneiss. PI, Qz, Bi, 

Hb, Kf, Ep. North of Loch Beannacharain: grid ref. 

NH220520. 0.127 + 0.006 0.7090 + 0.004 19 427 


MT-i2 Mesocratic, weakly banded, coarse-grained, massive gneiss. 
Pl, Bi, Qz, Ep, Hb, Ap. North side of Loch Beannacharain: 
grid ref. NH223519. 0.055 + 0.002 0.7069 +- 0.0005 19 988 


Sarasa RÁ 


* Kf, potash feldspar; PI, plagioclase; Qz, quartz; Bi, biotite; Hb, hornblende: Ep, epidote; Zo, zoisite; Sph, sphene; Ap, apatite; ore, iron 
oxide minerals. 


i ONNAN RANAMA mma maeeeandeeat emma AAAS AAAS ASA Aa 
Table 2 K-Ar analytical data 
A VE N EE O E E N E E A 


Radiogenic#Ar Radiogenic *Ar 
Sample no. Description and locality Mineral K(%)* (cm? g STP x 10-4) Total *Ar (%) Age (Myr)t 


MT-2c Melanccratic, banded, medium- 
grained, amphibolitic gneiss with 
feldspathic patches. Hb, Pl, Qz. 
North-east side of Meall Dubh: l 
grid ref. NH232530. Hornblende 0.61, 0.61, 0.62 0.1510 89.7 535 -+ 26 


MT-3 Melanocratic, massive, coarse-grained, 
patchy, amphibolitic gneiss. Hb, PI, Gt, 
Bi, Qz. North side of Meall Dubh: 
Grid ref. NH227532. Hornblende 0.74, 0.74, 0.74 0.1532 94.6 459 + 22 


MT-lla Melanocratic, massive, coarse-grained, 
amphibolitic gneiss. Hb, Bi, Pl, Gt. 
North side of Loch Beannacharain: 
grid ref. NH222520. Hornblende 0. 
7 


, 0.54, 0.55 0.1040 83.7 426 + 20 
Biotite 7. 7 


26 1.361 96.9 420 + 20 


MT-11b Massive, black, coarse-grained 
hornblende—biotite rock. Hb, Bi. y 
Grid ref. NH222520. Biotite 7.47, 7.48, 7.40 1.422 98.2 427 + 10 


* The mean of the individual K determinations is used for the age calculations. 
t Errors quoted at 95% confidence level. l l 
Abbreviations as in Table 1; Gt, garnet. Grid references as in Table 1. 


Scardroy and elsewhere in central Ross-shire (Fig. 1), and take 120 Myr, with an initial °’Sr/**Sr ratio of 0.7039 +- 0.0007 

the form of sheets tectonically intercalated in the Moine (Fig. 2). The scatter about the least-squares fitted line is not 

succession®. accounted for by analytical error alone and an increase of 
In order to test this hypothesis, Rb-Sr whole rock analyses errors by a factor of two is needed to obtain a valid fit. 

were carried out on a suite of typical gneisses from the Scardroy The data prove beyond any doubt that the rocks of the 

sheet (Table 1). ®’Sr/®*Sr ratios were obtained on a 12-inch Scardroy sheet are, indeed, Lewisian. The actual age obtained 

mass spectrometer, and Rb/Sr ratios were accurately deter- is well within the age range for early Scourian rocks west of the 


mined by X-ray fluorescence*. Rb and Sr contents were esti- Moine thrust, dated by Rb/Sr, U/Pb and Pb/Pb methods$*"*. 
mated semiquantitatively only. The decay constant of Rb This age has been interpreted as the time of Scourian meta- 
was taken as 1.39 x 10° yr. K-Ar dates of separated morphism. The rather low initial *Sr/*Sr value is in general 
minerals are presented in Table 2. K was determined by flame accord with much published (and unpublished) isotopic 
photometry and *Ar by isotope dilution using an AEI MS-10 work®*!°!! suggesting that Scourian gneisses are not produced 
mass spectrometer. The decay constants for YK are Ag = 4.72 by remobilisation of substantially older (> about 200 Myr) 
x 10° yr and à, = 0.584 x 10°! yr, Full analytical details sialic rocks with average continental Rb/Sr ratios. 
have been given elsewhere”. e The K-Ar dates for hornblendes and biotites (Table 2) are 
The Rb-Sr whole rock data yield an isochron age of 2,810 + mostly within the typical range of mineral dates found in the 
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Fig. 2 Rb-Sr whole rock isochron plot for pha okies 
Errors are at 95° confidence level: a, 0.7039 +. 0.0004; 
2,810 + 120 Myr. 


weenie 


British Caledonides!?43, Sample MT-2c yields a date of 535 
Myr and may not have been completely degassed during the 
Caledonian metamorphism. 

In the western Glenelg Lewisian inlier immediately to the east 
of the Moine thrust at Loch Duich, where Caledonian effects 
are not nearly as intense as at Scardroy, most hornblende and 
biotites still yield K-Ar dates of approximately 2,200-1,600 
Myr, whereas slightly further east in the eastern Glenelg 
Lewisian inlier at Loch Duich biotites and hornblendes already 
yield typical Caledonian dates (Moorbath, unpublished work). 

We thank Dr. H. Welke for help in collecting the specimens, 
and R. Goodwin for technical assistance. This work was 
supported by a Natural Environment Research Council re- 
search grant. 
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Solid tides recorded with 1 m 
interval mechanical strainmeter 


A TENSIONED-QUARTZ strainmeter,] m in length has success- 
fully recorded solid tidal strain variations in the Cooney 
Observatory. The designed is based on the 10-m quartz 
catenary strainmeter already in use at Cooney’ Vitreosil 
quartz rods (2-mm diameter) linked with 4-mm diameter 


43 


Vitreosil hooks comprise the standard. This is tensioned 
by a brass beam-balance mounted to the hornfels by _ 
two # inch expanding bolts. A single $ inch expanding © 
bolt supports the other end of the quartz standard. 
Mounted within the fixed body of the beam balance is 
the coil housing of a Tesa GT10 inductive displacement 
transducer. The sensor armature is connected to the bal- 
ance arm, (rotating on flexure strips), entering the trans- 
ducer coil without contact (see ref. 2 for details). 

A low impedance output (sensitivity 500 mV »m~') is pro- 
vided from the Tesa electronic unit by a buffer amplifier. 
A Multiscript Model 3 chopper-bar recorder was used in 
these tests, sensitivity corresponding to 200 nm full scale 
deflection. The trace can be resolved visually to 2 nm 
(4% of maximum tidal amplitude). Zeroing is achieved 
with the visual readout and the electrical output facility 
provided in the Tesa unit. 

The chopper-bar recorder was used for long period signals, 
sampling at 6 s intervals. Short period records of noise level 
were taken on an analogue pen recorder. (The use ofa | 
shorter interval of quartz results in a considerably higher = 
resonant frequency than for the 10-m instrument*.) | 


Installation involves drilling three holes in the rock and _ a 


setting the expanding bolts which support the covers and 





shite Rock | 


compression 


wt ; a 
i Im interval of 2mm 


20nm ; RF 
+ diameter fused silica 


Fig. 1 Section of actual record obtained with the 1-m 
tensioned-quartz instrument. 


instrument ends. The instrument is then mounted and set. 
approximately. Fine adjustment of the length finally is 
made by varying the balance mass to obtain a zero reading 
on the electronic unit. The task takes no more than an 
hour; no special skills are needed. 

We selected a site to make best use of available | con~. 
ditions. The Lower Cooney tunnel, (other strainmeters re-. 
ported are placed in an upper complex) is 316 m below the 
topographical surface. A 12-m long, n narrow chamber, situ- 
ated 300 m into and parallel with this drive has been sealed 


off at both ends, entry being through a sealed door at one = 


end. In addition, a 10 cm thick expanded polystyrene box _ - 
surrounds the entire meter. 


4 mK occur within the insulated cover with a noticeable 


regularity of 20 to 30 min cycles. (Measurements were - A 


made with a thermistor bridge, resolution of 100 #K.) 

Figure 1 shows part of the record obtained with the 1 m 
interval strainmeter, taken 6 d after completion of the 
installation. The drift over this interval is 2 parts in 10° 
per hour. A drift curve for the same meter, installed 
on the thermally controlled measuring base‘, is given in 
Fig. 2, showing that the wall-mounted unit is stabilising 
in an expected manner. 

The 10 Hz bandwidth noise level is no greater than 
0.4 nm peak-to-peak, giving a signal to noise ratio of 
better than 40 dB when the amplitude of the tide is large. 

The amplitude of the tide rises to about 50 nm. This is 
greater than expected at this site for a 1 m interval. 
Records from 10 m interval instruments in the Upper 
Cooney complex indicate that a maximum strain of 3 parts 
in 10° is normal. Comparison between this 1 m instrument 
and a 10 m quartz catenary are also situated in the same 
chamber, will enable us to jnvestigate this departure in 
due course. 














Temperature variations of = 









Pd ss 
PERE SE cae A 





m 
x 
g ! á 
F Z H ie i 
5 | / 
3 AF 
oe | Fi 
| / 
a ji / 
ih / 
i | H 
a = lia e oe e POE EE PE EE L EEE EE AA EA 
i 0 5 10 i5 30 


Time {d) 


Fig. 2 Drift curve of I-m instrument mounted in test base? 
| (relative to stabilised steel), 






< Also under development, in the same chamber, is a -m 
nterval floor-mounted strainmeter that is coupled to the 
> Earth by brass plates resting on a thin bed of sand. One 
= plate carries a modified Tesa GT10 probe which has its 
-> armature supported by two thin phosphor-bronze dia- 
= phragms. Clamped onto the other plate, in a horizontal 
-< attitude, is a 1 m length of Vitreosil tube (outside diameter 
> 16 mm). The tube is connected to the transducer by a 
= quartz wobble-pin, completing the measurement loop. So 
= far we have been unable to achieve satisfactory continuous 
© records with this instrument because of excessive insta- 
< bility. But because of the advantages of plates on sand in 
< terms of rapid mount stabilities‘ and ease of installation, 
~~ we will continue to investigate this design. Separate studies 
© of mounts’ and experience with a 10-m quartz-tube 
_ instrument using bolted rock joints! suggests the method 
should perform satisfactorily. 

Initial drift being a function of mounting rather than 
the standard, has an absolute value independent of gauge 
length. A l-m instrument will, therefore, require a longer 
settling time than a 10-m unit. | 

Future research should be aimed at obtaining a closer 

-> thermal coupling between the instrument and rock and 
_ that it be located in deep undisturbed rock, Records ob- 
tained from a l-m corehole meter (possibly using a rock 
core as a standard) may bear a closer relationship to the 
- phenomena being studied than any records obtained to 
~- date. | 

We thank N. Taman for constructing the three strain- 
meters mentioned and for assistance. 
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Obsidian hydration profile measurements 


using a nuclear reaction technique 


AMBIENT water diffuses into the exposed surfaces of obsidian, 
forming a hydration layer which increases in thickness with 
lime to a maximum depth of 20-40 um (ref. 1), this layer 
being the basic foundation of obsidian dating?-®. 

We have used the resonance at a }°F energy of 16.45 MeV 
(0.83 MeV centre-of-mass energy) (ref. 4) in the nuclear reaction 
'HÇ?F,ay)®O to measure directly the hydration profiles of 
Obsidian samples. This technique has already been used to 
measure the hydrogen concentration profiles in lunar samples 
and other solids to depths up to 0.4 um with a resolution of 
0.02 um (refs 5 and 6). A second strong resonance at 17.64 
MeV is encountered in extending these measurements to 
greater depths’, but its contribution can be unfolded from the 
data. 
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Fig. 1 Raw data for sample 5 (@) and for an unhydrated 
(0.3% H,O) (4) sample. Error bars indicate uncertainties 


interpreted as corresponding to the thickness of the optically 
observed hydration band. 
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Sample no. Source, identification 
1 Big Obsidian Flow, Newberry Craters, 
Oregon. Artificially hydrated at 75° C for I d 
2 Big Obsidian Flow, Newberry Craters, 
Oregon. Artificially hydrated at 75° C for 2d 
3 Big Obsidian Flow, Newberry Craters, 
Oregon. Artificially hydrated at 75° C for 4d 
4 Big Glass Mountain, Medicine Lake Highlands, 
California. Collected August 1963—fresh 
surface exposed then 
5 (Fig. 1) Big Obsidian Flow, Newberry Craters, 
Oregon. Exposed surface 
6 Amapa, Nayarit, Mexico. Artefact 
7 Amapa, Nayarit, Mexico. Artefact 
8 Amapa, Nayarit, Mexico. Artefact 
9 Amapa, Nayarit, Mexico. Artefact 
10 


Borax Lake, California. Chipping waste 


Table 1 Summary of the quantitative data derived from the measured hydration profiles (see Fig. 1) 









Thickness of hydration band (um) - 


| IHC F, ay)*O Thin-section 
02 H,O by weight measured profile technique 
2.11 +0.14 0.089 +- 0.020 p 
2.08+0.13 0.113 +0.020 - 
2.4540.14 0.14 +0.02 ean ‘ 
2.16-£0.12 0.19 +0.02 0.39% : 
2.5 £0.1 1.2 40.2 1.240.2 | 
1.9 +0.5 1.55+0.5 © 1440.2 
2.1540.15 0.9 40.2 1.740.2 
1.56 +-0.05 1.77 £0.27 
2.3 40.1 1.8 40.3 1840.2 E 
2,65 +0.10 0.534:0.1 io 
2 204 1.82 4.0.25 Oe 
2.8 40.1 1.8 40.5 07405 


* Thickness of hydration layer was not measured directly using the thin-section technique but was estimated from the known time of exposure a 


of the fresh surface. i | 
+ Large uncertainty because of poor sample preparation. 


> 


The *% HO by weight” was assigned to the plateau value of the H, 
finding the highest and lowest horizontal lines that could be construe 


> 


of hydration bands, optically determined by microscopic examination of thin sections from the same obsidian samples, are given for comparison 


If a monoenergetic beam of 'F4+ ions with energy Eo 
slightly above the resonance energy Er is focused on an ob- 
sidian sample, the ions gradually slow down because of elec- 
tronic collisions (the rate of energy loss being characterised 
by the stopping power dE/dx of the obsidian) until at a depth 
Xg the resonance energy Er is reached. At resonance, the 
nuclear reaction-—in particular the y-ray production—proceeds 
at a rate proportional to the hydrogen concentration in a 
thin layer at Xg. Assuming that all hydrogen present in the 
hydration layer is incorporated as H,O, the reaction therefore 
proceeds at a rate proportional to the water concentration 
at Xx. . 

As the beam penetrates still deeper into the sample than 
Xz, the F energy decreases below the resonance energy. 
Because the nonresonant cross section on either side of the 
resonance energy is negligible compared with the cross section 
at resonance, the hydrogen outside the layer at Xr contributes 
negligibly to the total reaction yield. Since the stopping power 
dE/dx is very nearly constant in the relevant range of °F 
energies (16 to 22 MeV) (ref. 7), the depth Xg is related to the 
incident beam energy Ey by 

(1) 


(dE/dx is a negative quantity). Thus, measuring the y-ray 
production rate as Ey is varied gives a direct indication of water 
concentration as a function of depth in the target. 

Since there actually are two resonances (at Er, = 16.45 MeV 
and Ega = 17.64 MeV), three situations are possible: Ey < Eri, 
Ee, < Eo < Erg and Erg < Eo. 

If E< Ergi the PF ions are gradually slowed down in the 
obsidian and the ion energy never reaches either resonance. 
Hence, the y-ray production for Ey< Er: is very small and 
defines the background level below the resonance. 

If Er, < E< Era, the F ions will lose energy in the ob- 
sidian, and will eventually reach Er: at a depth Xai and 


O concentration profile for the sample, with uncertainties determined by: & 
d to comprise the plateau. The thicknesses of the hydration bands given. 
by the ‘'HC*F, ay)*°O measured profile were obtained by taking the midpoint of the segment of maximum H,O gradient on the sample profil 
The uncertainty is determined by the depths corresponding to the endpoints of the segment of maximum concentration gradient. The two value 
of H,O content and hydration-layer thickness, as measured by the 1H (°F, ay)*O technique, for ce 
two plateaux in their profiles. A possible systematic error introduced by our calculated stopping powers into the measurements of both hyd 
band thickness and H,O content has not been taken into consideration, the calculated stopping power has roughly a 5% uncertainty. Thickr 












samples 7 and 9 may reflect the existence. o 


produce y-rays at a rate proportional to the hydrogen con: 
centration at Xr That is: sige 
Y, (Eo) = Vp, (Ey) a K,W(Xpi) . A 
for Xx, <AE/(—dE/dx), where K, is a measurable propor 
tionality constant determined by the width and cross secti 
of the resonance and the stopping power dE/dx, Y, (Ep) is th 
total y-ray production rate, Ya; (Eo) is the rate of y-ray produc 
tion due to the resonance at energy Er, as a function of £5 
W(Xp;) is the water concentration at depth Xr, and AE: 
Epo ER, = 1.19 MeV. a i ee, nue 
If Eg,<Ep, the °F ions will, after losing some energy in 
penetrating the obsidian, reach both resonance energies, but- 
at different depths Xx, and Xz. S0, P 
Y, (Eo) re Yailko = Yre( Eo) 
a K,W(Xe1) ag K W(Xra) 
where K, is a second proportionality constant differing from 
K, because of different resonance parameters. But since — 
Xra = Xai — AE/(—dE/dx), 
YE) = KyW(Xer) + KaW(Xrı — AE/[-dE/dx}) (3) 
for Xp, > AE/(— dE/dx). | 
So for a given Ey, the. contribution of y-ray counts related | 
to the resonance at Era is proportional to the H,O content 
at a shallower depth than Xr, the depth corresponding to | 
the contribution due to Eri. At this shallower depth, however, 
(Xe. = Xai — AE/[—dE/dx]), the H:O concentration has 
already been measured by the first resonance at Ex, using a. 
lower F beam energy (E, — AE). Thus, the contribution > 
K,W(Xa, — AE/[—dE/dx]) from the second resonance can 
be calculated from other data (the constant K, having been ` 
independently determined) and may be subtracted from 
Y(E,), leaving only K ,W(Xr:), the contribution from the 
first resonance. In this way W(Xpr:), the water concentration 
as a function of depth in the obsidian target, may be deter- 
mined by measuring Y,(£))* and applying this simple un- 








<o Table 2 Comparison of water content (in percentage by weight) 
. of hydrated and unhydrated obsidian samples from the same source 








Sample location Intrinsic unhydrated Hydrated saturation 
8 


G “a H 20 level p H sO 
Bodie Hills, California 0.21 -+0.04 2.31 +0.20 
Coso, California 0.23 -+-0.07 2.68 4-0.25 
Borax Lake, California 0.35-+-0.09 3.32+0.32 


Fast Dago Valley, California 0.66 -0.06 3.47 40.25 





The unhydrated surfaces were freshly chipped from the interiors 
of obsidian samples, and thus had no significant exposure to ambient 
water. The hydrated samples all had hydration profiles whose satura- 
tion plateaux extended deeper than the 2 pm limit of our depth 
range. There is a monotonic relationship between intrinsic and 
hydrated water concentration levels; the higher the intrinsic con- 
centration of water, the higher the final saturation level. This suggests 
a possible relationship between the factor which determines the 
intrinsic water content and the mechanism by which ambient water 
diffuses into obsidian. 


folding procedure. With the present experimental configura- 
tion®*, y rays are detected with an efficiency of 0.022, using a 
7.6 cm x 7.6 cm Nal (TH scintillation detector, 
-. We made hydration profile measurements as follows on a 
< number of obsidian samples with hydration bands less than 
` 2 pm thick. Raw data (y-ray counts per 3 uC of F*+ against 
co E) were taken over an energy range of 16 to 22 MeV. The 
~ beam current was sufficiently low that the hydrogen concentra- 
tion was not perturbed, that is, subsequent measurements on 
the same samples gave virtually identical results. The counting 
rate (¥,) was converted to water concentration by comparison 
with a standard chlorite sample of known H content, and 
other mineral standards. 
A value of 2.4 g cm~* for the density of hydrated obsidian, 
and values of stopping powers taken from Northcliffe’, were 
used to compute dE/dx for F ions in the obsidian (~ —2.3 
MeV um). Using this value of dE/dx in equation (1), the 
HF energy scale was converted into a depth scale. (The depth 
resolution is determined by the ratio of the resonance half 
width to the stopping power and is about 0.02 um at the surface: 
energy straggling gradually reduces the resolution to about 
0.04 um at a depth of 2 um. Because of background problems 
at higher energies, this technique is limited to depths of 
< 2 um.) l 
The hydration layers of samples 1-4 (Table 1) were suff- 
ciently narrow-that the second resonance was not encountered 
and unfolding was unnecessary, so the raw data were plotted 
directly. But since the contribution of the natural linewidth 
of the resonance to the observed energy width of the hydration 
layer is significant for such thin layers, correction for this 
effect was made in order to obtain the measured values for 
the thickness of the hydration layer. 
For samples 5-10, data from an unhydrated obsidian 
sample (water content uniformly 0.3%) were subtracted point- 
by-point from the raw data to minimise background problems 
for E,>20 MeV. (For this reason, the zero point of the water 
concentration scale is displaced by 0.3°%.) The profile was 
then unfolded (equation 3) to leave only the contribution 
from the resonance at 16.45 MeV. These reduced data were 
*then plotted and were fitted with the calculated water content 
and depth scales. This procedure is illustrated for sample 5 
in Fig, 1. 

_ The detailed hydration profiles can be used to obtain in- 
` formation about the mechanism of water diffusion into ob- 
sidian and the factors which influence hydration. First, the 
- general shape of the diffusion profiles agrees qualitatively 
with that espoused by Friedman and others'-*, characterised 
o by a saturated hydration plateau followed by a steep diffusion 
_ front, rather than the more conventional exponential profile 
-suggested by Marshall*. Occasionally, however, the data 
-suggest either a double plateau level or that the top of the 
x hydration plateau has an appreciable slope, as in samples 7 
-and 9, which may indicate the existence of more than one 
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Mechanism of water diffusion and binding as proposed by 


Ericson, MacKenzie, and Berger”. 

Table | shows that the thickness of the hydration layer cor- 
responding to the maximum gradient of water concentration 
obtained from our measurements agrees reasonably well with 
the layer thicknesses obtained from the optically measured 
thin sections. This seems plausible on theoretical grounds 
since the hydration band is visible under cross-polarised light 
because of stress birefringence, with the border between 
hydrated and unhydrated regions corresponding to the line 
of maximum stress?. (Under ordinary light, the demarcation 
between hydrated and unhydrated glass is given by a dark 
line which is the line of maximum gradient of the water con- 
centration®.) Indeed, a set of tektite samples with measured 
H,O distributions characterised by gently sloping exponential 
diffusion profiles rather than the steep diffusion fronts ob- 
served in hydrated obsidians, did not have visible hydration 
bands in thin section. (The tektites we measured all had 
exposure times of roughly 700,000 yr, according to K~Ar and 
fission track dates, and were recovered from laterite soils in 
South-east Asia. Two samples, of the splash-form type, were 
recovered in the early 1960s; a third sample, recovered in 
the later 1960s, is from the Muong Nong site (J. O'Keefe, 
private communication).) 

Our resolution of 0.02 um represents a significant improve- 
ment over the resolution of 0.1 or 0.2 um achieved with optical 
techniques*. The uncertainty in our measurements of the 
thickness of the hydration layer is limited by the finite slope 
of the concentration decrease for the layers 1-2 um thick; it 
is not a limitation imposed by our technique (except where 
the spacing of data points has been wider than optimum), 
but by the actual profile itself. 

second, as a result of our measurements of H,O concentra- 
tions in hydrated and unhydrated samples from the same source, 
it would seem that the higher the intrinsic (unhydrated) con- 
centration of water in a given obsidian sample, the higher 
the final saturation level (Table 2). (Tektites have extremely 
low intrinsic water content compared with obsidians!*: this 
possibly indicates differences in their internal structure, as 
proposed by Berger and Ericson’, which might explain the 
qualitatively different hydration profiles.) This correlation 
supports previous findings by Kimberlin™. 

Third, it seems that, for a set of samples from the same 
obsidian source exposed for equal times!*, the saturation 
concentration of water is weakly correlated with the thickness 
of the hydration layer (Table 1, samples 6~9). 

Fourth, we observed a progressive increase in hydration 
depth with hydration time for the artificially hydrated samples 
(Table |, samples 1-3). This type of experiment should prove 
particularly useful in investigating variations of hydration 
rate with chemical composition, since the hydration can be 
carried out under controlled conditions. 

Using a similar technique with the resonance **Na(p, y)*4Mg 
at 1.318 MeV (ref. 13), we have measured the sodium depth 
distributions to a depth of 1 um in obsidian samples | and 4 
to check a hypothesised ionic-exchange diffusion mechanism 
which predicts a sodium depletion in the hydration layer’. 
We found no significant variation of sodium content between 
the layer and the intrinsic unhydrated obsidian; however, we 
were limited by counting statistics to a detection threshold 
of about 10% variation in the Na content. 

Resonant nuclear reaction techniques of this type may be 
extended to many other diffusion problems. What is required 
is a strong, isolated resonance which can be associated un- 
ambiguously with the diffusing agent under investigation. The 
technique provides a relatively nondestructive method of 
measuring diffusion profiles directly on a microscopic scale. 

We thank Dr D. S. Burnett for suggesting the application 
of this nuclear reaction fechnique to obsidian hydration 
measurements, and R. H. Goldberg and W. Long for technical 
assistance. We also thank Dr J. O’Keefe, NASA, for the 
tektite samples and Dr C. W. Meighan for the hydration 
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Using artificial thermoluminescence 
to reassemble statues from fragments 


THE thermoluminescence (TL) of marbles and limestones! >’ 
from various quarries in Greece’ has been described. It had 
been hoped that features characteristic of each quarry would 
be found. The glow curves of samples as taken from the 
quarry are called natural thermoluminescence curves (NTL). 
These curves did not allow any determination of origin, because 
in nearly every case only a single peak was obtained. 

Glow curves of artificial thermoluminescence (ATL) provide 
considerably more information. ATL glow curves were ob- 
tained by heating samples until the NTL was erased, then 
exposing them to X rays at room temperature, and subse- 
quently heating them at a constant rate. 

Another type of glow curve, the curve of mixed thermo- 
luminescence (MTL), was obtained by exposing untreated 
samples to X rays at room temperature and subsequently 
heating them up at a constant rate. With this kind of glow 
curve the ATL curve is superimposed on the NTL curve. 
Most MTL glow curves displayed three peaks, and thus 
supplied five parameters for the identification of each sample: 


47 


(temperatures 7,, Ta}, Ta; and intensity ratios J,//, and J9/I3). A. 
table of all five parameters in material from 36 quarries has. 
been compiled. In some of the quarries, significant differences 
could be detected between samples from widely separated 
blocks. The differences were more pronounced between blocks 
of different colours. | 
Because of the differences in the parameters of samples from ` 
any one quarry, it is not possible to identify unambiguously the 
origin of any piece of marble. The differences between samples. 
from any one block are, however, small, suggesting that there 
could be a good possibility of determining whether separate- 
fragments of marble are from the same statue or slab. 
Only small quantities of powder are available for investiga- 
tions of archaeological fragments. A comparison of powders. 
(~ 0.1 g) from adjacent holes showed that the MTL glow 
curves give identical peak temperatures, although the intensity 
ratios were sometimes different. 
differences in the degree of heating of the material during the 
drilling process, which depends on the pressure exerted. 


The results are consistent if the comparison is made from 
the ATL glow curves (Fig. la and b) which are not affected by 


any heating during drilling. Although these usually have only 
three independent parameters: Ty, Ta and f/f, they differ — 
very little (about 5° C for the temperature and 5° for the ratios - 
on powders from adjacent drilling holes). 2 

From a consideration of several glow curves of the same — 
sample mean values of the parameters can be obtained, together 
with their standard deviations (Table 1). 
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Fig. 1 ATL glow curves from two different blocks. The results 

were obtained on a chart recorder. Scale bars: a, 0.02 uA; 

b, 0.2 uA. The dependence upen temperature is shown on 
both graphs. 
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Table 1 ATL curve parameters 
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If the parameters are the same, it does not necessarily follow 
that the fragments belong to the same block, as they could 


simply have originated in the same quarry. If, however, two 


fragments have different parameters it can be said with a high 
degree of certainty that they do not belong to the same block. 
This method was of great assistance in the restoration of 
statues from fragments found in a shipwreck near the island of 
Antikythera. 
An extensive description of the method will appear, in 
English, in the Praktika of the Athens Academy. 
GEORGE AFORDAKOS 
KESSAR ALEXOPOULOS 
University of Athens, 
Department of Physics, 
Athens 
DEMITRIOS MILIOTIS 
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Mutant of bacteriophage T4D 
affecting expression of many early genes 


IN T4 infections the mechanisms determining the time and 
rates of expression of early genes are not yet clearly understood. 
Although mutants which do not make late gene products or 
which are defective in DNA synthesis generally fail to turn off 
the synthesis of most early gene products, no mutations have 
been described which affect either the time of appearance or the 
initial rate of synthesis of proteins from more than a single 
early gene. This preliminary report describes the isolation and 
some of the properties of such a mutation. This mutation which 
maps between genes 52 and ¢ defines a new regulatory gene. 


~ When a lambda lysogen is singly infected at 37° C with a 


: phage Carrying temperature-sensitive mutations in both 
-FITA and in gene 42 (4CMP-hydroxymethylase’), the infected 






cells quickly lose their ability to form a plaque at 30° C. After 


25 min at the restrictive temperature only about 2% of the 
infected cells can still form a plaque at 30°C. It seemed possible 


_ that the survival of the rI[A~-gene 427 infected cells might be 
_ increased by an additional mutation whose effect would be to 
_. prevent the expression of many early genes. That is, if the normal 
_ development of the phage-infected cell was suspended at an 


arly stage then the early absence of functional rIIA product 


~ might not be lethal?. On shifting such infected cells to the 
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permissive temperature, normal development might then pro- 
ceed as active rIIA protein was synthesised. According to this 
rationale, the survivors of the heat treatment (25 min at 37° C) 
would include phage which were genetically less sensitive to this 
treatment. Among mutants thus selected there might therefore 
also be mutants controlling the expression of early T4 genes. 

The selection was done by singly infecting E. coli K112~12 
(Ah) +:3/S at 37° C with the non-mutagenised double tem- 
perature-sensitive mutant tsDG12 (rIIA*)-tsL13 (gene 42). After 
25 min at 37° C the infected cells were filtered and resuspended in 
fresh media at 30° C. The infected cells were lysed at 50 min by 
the addition of chloroform. This enrichment procedure was 
repeated several times using the progeny phage from one cycle 
of infection as the input phage for the next cycle. The infected 
cells in the fifth cycle of enrichment were significantly more 
resistant to the temperature treatment than cells infected with 
the parental phage. Stocks were made from isolated plaques of 
several of these surviving phage and one such isolate was 
thoroughly examined. Although this phage still contained both 
of the parental markers, about 20% of the K112~—12 (Ah) +:3/S 
cells infected with it (by comparison with only about 2% for the 
parental phage) could still make plaques on E. coli B (su’) at 
30° C after 25 min of infection at 37° C. This phage contained a 
new mutation in addition to the two parental markers. This 
mutation, tsG1, when separated from the two parental markers 
is itself a temperature-sensitive mutation. It seems to reduce the 
lethal effects caused by the initial absence of functional rHA 
protein, but not the lethal effects due to the absence of functional 
gene 42 product (P42) (manuscript in preparation). 

Figure | presents the results of two-factor crosses which 
show that rsG1 maps in the region between amH!7 (gene 52) 
and amtA3 (gene rt). The mapping of tsG1 to the right of 
amH17 is consistent with the results of a three-factor cross 
between fsG1 and the double mutant amH1i7-ac*. Most of the 
ts*—am* recombinants (78 out of 103) examined were sensitive 
to acridine. 

Reversion studies suggest that rsGI is a point mutation. In 
three isolated plaques of tsG1l grown at 30° C revertants ap- 
peared at an average frequency of | x 10. Experiments with 
one of these tsG1 revertants showed that it was like wild type at 
both 30° C and 42° C in its growth in liquid medium and in its 
pattern of protein synthesis as seen on SDS-polyacrylamide gels 
(data not shown). This revertant was crossed to wild type and 
870 progeny phage tested for their temperature sensitivity. No 
tsG1 segregants were found. On this basis it is concluded that 
tsG] is a point mutation and that reversion can occur at the site 
of the original lesion or very close to, it. 

-The mutants tsG1 and amH17 (gene 52) complement one 
another in a mixed infection of E. coli B® at 42° C in the sense that 
the mixed infection begins to produce progeny at the same time 
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Fig. 1 Mapping by two-factor crosses. Log phase E. coli B® 
grown at 37° C to 105 ml in M9S medium” containing 0.2% 
casamino acids (Difco) were centrifuged and resuspended at 
2X 10° ml“ in fresh medium. Crosses were done at 30° C using a 
multiplicity of infection of five for each parent. After 3 min of 
adsorption the infected cells were diluted 10! into fresh medium 
and aerated by bubbling. Chloroform was added at 50 min to 
ensure complete lysis. Progeny were assayed on plates made of 
EHA bottom and top agar". Total progeny were assayed at 30° C 
using E. coli Bo sul” as indicator. Wild type recombinants from 
all crosses were selectively assayed on plates seeded with E. coli 
B® and incubated at 42° C. The map distances given are 200 times 
the frequency of wild type recombinants scored in crosses be- 
tween the markers indicated. tsG1 and amH 17 each recombine 
with the terminal rIIB marker, r73, to about the same extent, 
giving a map distance of approximately 15 units. 
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as a wild type infection and not with the delay characteristic of 
either amH17 or tsG1 (data not shown). The pattern of protein 
synthesis seen in amH17 infections (see below) is also quite 
different from that observed in rsGI infections. It is therefore 
very unlikely that rsG1 is in gene 52. 

= łn addition tsG1 is not in the ¢ gene for the following reasons. 
The t mutants specifically affect late events in T4 development 
(lysis and the shutoff of macromolecular synthesis?) but the 
early events seem to be entirely normal (ref. 3 and H. Krisch, 
< personal communication). In mixed infections at 42° C tsGl 
complements the late lysis phenotype of amtA3 mutation and 
progeny phage are produced at the same time as in wild type 
infections (data not shown). As there are no other known genes 
in the gene 52 to 7 region, the tsG1 mutation defines a new gene 
which is called mort for modifier of transcription. 

SDS-polyacrylamide gel analysis of the proteins synthesised 
after infection of Escherichia cali B® (su~) at 42° C with amH17 
or with 7sGI is presented in Fig. 2. amH17 was used as the con- 
trol in this experiment because it maps close to tsGI and because 
itt as well as tsG!l has a DNA synthesis delayed phenotype. 
The initial rates of synthesis of the proteins as seen on these gels 
are identical in amH17 and in wild-type infections (unpublished 
observations). Many differences between the amH17 and tsGI 
infections can be seen. Since nearly the same amount of radio- 
activity precipitable by trichloroacetic acid was layered on each 
gel, differences in band intensities for individual proteins reflect 
differences in their relative rates of synthesis. In amH17 infec- 
tions the band corresponding to the rHA protein is quite dense 
in the 2-6 min labelling, decreases in intensity during the 6-10 
min labelling and is even less dense in the 10-14 min pulse. 
But in tsGI infections the rllA band is at least as dense in the 
6-10 min labelling as in the 2-6 min labelling and a considerable 
amount of it is still being synthesised in the 10-14 min pulse 
although its rate of synthesis. is then slightly less than in the 
6--10 min pulse, Other experiments show that in tsGI infections 
detectable amounts of rHA protein are still synthesised as late 
as 35-40 min after infection at 42° C. Thus in tsG1 infections the 
rllA protein is synthesised for a considerably longer time that 
in either amH 17 or wild-type infections. 

There are many mutants of T4 which affect the normal turnoff 
of early gene functions: muturation-defective genes (33 and 
55)°8; the DNA-delayed mutants’ and all of the DNA-negative 
mutants'**, have this property to varying extents although 
synthesis of the rllA protein is not affected by any of these 
mutants to the extent that it is affected by tsGI. But tsGI is 
different in a much more important respect from all other 
mutants having an effect on early gene turnoff. After infec- 
tion with all these mutants the initial rates of synthesis are 
normal for all the early proteins which have been studied. 
Though most of the phage induced proteins do appear at the 
normal time in tsG1 infected cells, the initial rates of synthesis 
for some of them are considerably reduced (see Fig. 2). The 
products of genes 43, 45 and r HB are detectable during the first 
labelling period but their rates of synthesis are significantly 
reduced. P43 and P45 seem to be more severely affected than 
rlIB. Whereas most of the proteins from tsG1 infections as 
seen on these gels appear at the normal time a few are not 
detectable during the first or even the second labelling period. 
For example, the band migrating at the position of the gene 32 
protein is not visible until the 6-10 min labelling period. 

The effect of tsG1i on the expression of the rlIB protein is of 
special interest because it suggests an hypothesis for the mode of 
action of the mot gene product. Schmidt et a/.* have shown that 
the rIIB cistron is transcribed as part of a polycistronic message 
which includes the rlTA species and that it is also transcribed 
from a promoter located between the rIIA and rlIB cistrons. 
Preliminary evidence indicates that early after infection there is 
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Fig. 2 SDS-polyacrylamide gel analysis. Æ. cofi BE (su~) grown- 
in M9S containing 0.24 casamino acids to 10° ml was centri 
fuged and resuspended at 5 x 10° ml" in M9S* (M9S contai 
only 10% of the normal amount of casamino acids). One m: Hi o 
litre of cells warmed for 2 min at 42° C were added to 24 mi of 2 
M9S* at 42° C containing either isGI or amH 1 7at2 x 10°ml iA 
1, 2, 6, and 10 min after infection 5 mi aliquots of the infected ce 
were transferred to tubes at 42° C containing 5 pCi ofa mixture 
of 15 “C-labelled amino acids (NEN 445). The pulses 1-3, 2+ 
6-10 and 10-14 min were terminated by the addition ofa 20-fold 
excess of unlabelled casamino acids. After a 3 min chase the sam: 
ples were chilled by addition of ice and then centrifuged.’ 

pellets were resuspended i in 0.25 ml of 0. O01 M Tris pH 7.5 and 1.0 
ml of sample buffer (10%, glycerol, 5% 2- mercaptoethanol, and 








placed in boiling water for 3 min. Disc 10% SDS- polyacrylamide: 

gels were prepared as described by Laemmili'*. The gels were run at 

a constant current of 1-2 mA per tube and were stained, sliced, — 

dried and exposed to X-ray film as described by Fairbanks 

etal.®, About 30,000 trichloroacetic acid precipitable counts were 

layered on each gel. The numbers on the left margin of the figure. 

identify the genes coding for the proteins indicated. The band: 

migrating just slightly faster than P32 is P44 (ref. 14). The absence « 

of the gene 52 band in the early labellings with amĦH17 is expected 

because amH17 is in gene 52. The band appearing at the position 

of P52 in the last two labelling periods is a cleavage product of 

the main structural protein of the phage head. In the gels from o> 

the 1-3 min labelling, the migration of the proteins was not identi = 

cal. The gels were matched in the P32-rlIB region and as a conse- | 

quence the positions of P43 and rHA in the gel from the tsGI. 

infection are slightly lower than the corresponding bands in the 
gel from the amH17 infection. 






promoter located between ther HA and r HB cistrons is defective’: 

Thus the normal mot gene product may have a positive role i in 
transcription related ta the recognition of promoters like the 
one between the rlIA and rlIB cistrons. The mot gene itself 
might code for this regulatory élement or it may merely control 


less rIIB transcription relative to rlIA transcription in tsG1 
infected cells than in cells infected’ with wild type. Since at early 
times in tsGl-infected cells there is a relative lack of rlIB 
message and protein but a normal amount of rllA protein we 
hypothesise that in tsG1 infected cells transcription from the 
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its expression. In either case the postulated positive transcrip- 
tional element could function similarly to the sigma-like factor 
described by Travers’. 
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reading the manuscript. 
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Immunotherapeutic suppression 
in transplantable solid tumours 


a-FOETOPROTEIN (AFP) is a glycoprotein, of unknown function, 
synthesised by the foetal liver and yolk sac of mammals’. 
Increased serum levels of AFP in adults are indicative of either 
pregnancy or a pathological state, that is primary hepato- 
cellular carcinoma, regenerating liver and teratoblastomas of 
the ovary and testis*:*. Recently, abnormal levels of AFP in 
amniotic fluids have been correlated with foetal distress’. 
While attempting to study the physiological role of AFP 
during ontogenic and oncogenic growth, we have observed an 
interaction between AFP and its homologous antiserum that 
may have immunotherapeutic value. We report here the 
suppression of mouse hepatoma growth i vivo and in vitro 
using passively administered antiserum to AFP. 

Amniotic fluid (AF) containing AFP was obtained from 
C57BL mice as described by Sell®. AFP was isolated from the 
AF by upward flow gel filtration on Sephadex G-75, followed 
by preparative polyacrylamide gel (PAAG) column electro- 
phoresis using a modification of Gussev’s method*®. A single 
band could be demonstrated subsequently by disc PAAG 
electrophoresis. The AFP isolate was emulsified with equal 
amounts of Freund’s complete adjuvant for use as an 
immunogen. New Zealand white rabbits were immunised twice 
weekly for 2.5 weeks by subcutaneous flank injections. The 
rabbit antiserum, collected 2 weeks after the last injection was 
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immunoreactive against mouse AFP, but not albumin, as 
determined by microimmunodiffusion. A single band in the 
o, position was demonstrated after immunoelectrophoresis. 
The antiserum was absorbed further with nonimmune mouse 
serum (NMS) to insure monospecificity. Using the absorbed 
anti-AFP serum, AFP was quantitated in mouse sera using 
radial immunodiffusion (unpublished results of G. J. Mancini 
and S. R. Young). 

Male and female mice of the C57L/J inbred strain bearing the 
AFP-secreting hepatoma BW7756 (Jackson Laboratory) were 
used as the animal tumour model. A standard tumour growth 
curve was obtained during 30 d (after transplantation) using 
mice weighing 20-28 g. The transplanted tumours usually 
exhibited 100° takes. The anti-AFP antisera were tested 
against the hepatoma during this period by three in vivo and 
two in vitro methods. The in vivo testing included (1) administra- 
tion of graded doses during tumour growth; (2) a large, single 
dose administrated 2 d after implantation; and (3) incubation 
of the tumour inocula in test serum before implantation. The 
in vitro methods encompassed (4) the cytotoxic antibody assay, 
and (5) tissue culture cytopathic testing. The tissue culture 
experiments, however, will be described in detail elsewhere’. 

The graded doses included alternate daily intrapentoneal 
injections (a total of 2.60 mi) of absorbed anti-AFP serum 
given in small divided doses during 28 d. Using method (2), 
a single large dose of absorbed antiserum (2.0 ml) was injected 
intraperitoneally into the mice 2 d after transplantation. 
Method (3) was performed by incubating the tumour inocula 
(1.0 mm? ml"! whole antiserum) for 30 min at 25° C immediately 
before implantation. The incubated tumour inocula were 
subsequently washed twice in Hanks balanced salt solution 
before implantation. All animals were observed and inspected 
daily for tumour growth over the post-transplantation period, 
At autopsy, 28 d later, all animals were bled and tumour weight 
and size were determined. For each experiment described above, 
nonimmune rabbit serum (NRS) absorbed with NMS was 
administered as control serum to an age-matched and weight- 
matched group of mice. The cytotoxic antibody assay was 
performed in vitro according to the method of Gorer and 
O°Gorman’, Fresh guinea pig serum was titred and used.as a 
complement source. In some studies, only deactivated anti-AFP 
and NRS were used. For each determination, 3 x 10°-4 x 10° 
screen-tested tumour cells were counted in a haemocytometer 
by trypan blue exclusion. 

The in vivo methods of tumour growth suppression are 
compared in Table 1, which shows that antiserum administered 
gradually throughout incubation resulted in a 52% reduction 
in tumour size as compared with untreated controls (5% 
significance level). However, the NRS control group displayed 
a 20°% reduction; thereby subtracting out to a final 32% 
reduction in the experimental group. Similarly, the animals 
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Table 1 The in vivo methods of immunotherapeutic tumour growth 
suppression are compared in C57L/J mice administered anti-AFP 


serum 
fe Fa a gs ale A a i a chara a 
Growth (%) Significance 
Treatment groups Mean se.m. reduction* levelt 
Graded dose (11) A-AFP 2.84 0.74 32.0 < 0.05 
NRS 4.70 0.47 
Single dose (9) AAFP 3.52 0.52 33.0 < 0.10 
NRS 5.44 1.05 
Pre-incubated A-AFP 0.52 0.18 67.0 < 0.01 
inocula (i1) NRS 4.42 0.64 
Untreated (13) Control 5.87 0.50 0.0 ae 


e aa aa 

The numbers of animals in the sample are given in parentheses. 
* Treated control _ Experimental 

tumour weight tumour weight 
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Untreated control 
tumour weight 

+ Student’s 7 test was used. 
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subjected to a single, large dose also underwent a 33%, reduction 
in tumour growth even though the statistical significance of this 
latter experiment differed considerably from treatment with 
graded doses (10% compared with 5% probability level). 
Finally, treatment with incubated inocula demonstrated not 
only a high statistical significance (1% level) but also a 67% 
reduction in tumour weight. Thus, direct contact of the tumour 
cells in the test reagents before implantation resulted in 
cytotoxicity which was twice as effective as the other modes of 
treatment. 

The results of the cytotoxic antibody assay in vitro are 
presented in Fig. 1. An innate cytotoxicity of nonimmune 
rabbit and guinea pig serum against mouse cells was observed 
which could be eliminated by a 1:10 to 1:16 serum dilution. 
Nonimmune rabbit serum control levels maintained a 70% 
tumour cell viability throughout a serum dilution range of 
1:32 to 1:128. In contrast, the anti- pa serum had a 100% 
cell killing effect at 1:16 and a 66% effect at 1:32 dilution. 
Unlike the NRS, which remained aE the cytotoxicity of the 
AFP antisera could be eliminated uniformly by extension to a 
1:128 dilution as evidenced by the cytotoxic index in Fig. 1. 
Thus, the complete cell cytotoxicity (CI = 1.0) could be titred 
out over three two-fold dilutions. If the innate cell cytotoxicity 
of NRS for mouse cells is subtracted out (as above), it could 
still be observed that anti-AFP exerted a 30-33% killing effect 
on hepatoma tumour cells in vitro above that of NRS. Further 
cytotoxic testing using anti-AFP serum indicated that comple- 
ment (host or foreign) was not an absolute requirement for 
- cell killing but its presence intensified the killing effect. Finally, 
the cytotoxicity of the anti-AFP serum could be abrogated by 
absorption with purified AFP. 

The gross pathology observed during the 30 d included 
fibroid accumulation, serous exudation, loss of connective 
tissue capsule and massive haemorrhaging at the tumour site. 
By 28 d, much of the tumour mass presented as nonviable 
tissue in mice ‘treated with anti-AFP serum. In contrast, 
the mice administered — NRS displayed only occasional 
haemorrhaging about the tumour mass. The corresponding 
histopathology revealed the presence of mononuclear infiltrates 
which invaded the tumour tissue of the animals treated with 
AFP antiserum; The cellular infiltrate populations increased 
uniformly from the 14th to the 2Ist day, and by day 28 much 
of the tumour mass had been replaced by inflammatory tissue. 
However, the animals treated with NRS displayed only focal 
infiltrates with occasional ischaemic necrosis. The histo- 
pathological results, which were confirmed by Dr J. J. McCoy 
jun. of the Veteran’s Administration Hospital, Columbia, 
South Carolina, will be reported in more detail in a forthcoming 
publication. 

The presence of AFP jn serum, determined quantitatively by 
radial immunodiffusion, was suppressed in the antibody- 
treated mice, while those subjected to NRS exhibited a steady 
increase in AFP serum concentrations. The mice treated with 
NRS displayed a nine-fold increase in serum AFP from the 
14th to the 28th day after transplantation (final AFP concentra- 
tion = 9.75 mg mi“). In contrast, the mice treated with 
anti-AFP serum showed a slight increase in AFP production 
from the 14th to the 2ist day with a drastic decrease thereafter 
to the 28th (final AFP concentration = 0.38 mg ml"). 
Thus, the presence of AFP in the serum seems to correlate well 
with tumour status. 

Our results indicate that humoral immunotherapy was 
effective against a progressively growing solid tumour. The 
passive administration of heterologous antiserum to AFP in 
tumour-bearing mice resulted in a suppression of hepatoma 
growth and a decrease in AFP production over 30 d. The 
greatest reduction in tumour size (67°) occurred when the 
tumour inocula were incubated directly in the test serum. 
When the antiserum was administered by two methods of 
intraperitoneal injection, tumour size was reduced 32%. 
Extrinsic complement was not used or added to the serum; 
however, the serum was not heat deactivated and complement 
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Fig. 1 Cytotoxic index for anti-AFP serum (exp) versus 
nonimmune rabbit serum (control) tested against mouse ah 
hepatoma target cells. Cytotoxic index is obtained fror 
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may have been present in either the rabbit or mouse seru 
In comparison with the in vivo test, the use of. guin 
complement in vitro also displayed a 30-33% cell cytotox 
with direct incubation of teased tumour cells with various 
antibody dilutions. Neither native nor heterologous complemen 
was required for in vitro cytotoxicity. Finally, the. specific 
of the cytotoxic reaction was demonstrated by- APARAN 
studies using purified antigen. 

These experiments signify that some humoral factor or gro 
of factors (anti-AFP) present in the sera of rabbits imm 
to AFP induced growth retardation in progressively -gf 
mouse hepatomas. One cannot rule out the possibilit 
soluble antigen-antibody complexes, present in the serum af 
absorption, were not involved in the observed suppression 
Thus, the host defences may be responding to the presence o 
immune complexes in and about the tumour. In any case, ‘th 
killing effect of the antiserum in vivo was probably due’ 
(1) tumour cell-surface destruction, and (or) (2) vase ala 
damage within and around the tumour mass. In either case 
immune complexes would be formed which can act with o 
without complement. Since this. immunotherapeutic appro: 
is effective in tissue culture, the absolute requirement ofa 
factors from the host mouse can be ruled out. The gro: 
histopathological evidence suggests that an Arthus-type tiss 
destruction occurred at the tumour site which, in efist, star 
the tumour and retarded overall growth. 

Since the function of AFP has not been established “it 
unclear whether the actual blocking of AFP function played a 
role in the retardation of hepatoma growth. Some investigators _ os — 
have suggested that AFP functions in a growth factor capacity 
being essential for foetal liver and (or) hepatoma growth” Ak. 
Recently, indirect evidence has implicated AFP as a steroid 
(oestrogen) binding protein’. It is tempting to speculate that 
the tumour growth suppression reported here may have | 
occurred at the level of hormonal induction of protein. synthesis. ~ 

We thank Walter R. Dillon for technical assistance. This 
work was supported by the University of South Carolina 
Research and Productive Scholarship Fund. 
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Inhibition of cell-dependent cytotoxicity 
as an assay for mouse alloantibody 


Many assays for alloantibody depend on functional activities 
of the Fe portion of the immunoglobulin molecule. These 
functional activities are acquired when the antibody binds to 
its target cell. Complement binding, as demonstrated by lysis 
or complement fixation, has been the most widely used of these 
activities. In man, alloantibody can also be detected by its 
ability to mediate cell-dependent lysis of target cells'-°. In this 
system, effector cells (human peripheral blood leukocytes) lyse 
allogeneic chromium *'Cr-labelled target cells (lymphocytes) in 
the presence of the appropriate alloantibody, providing a 
sensitive, complement-independent assay for alloantibody. 
In contrast, we have found that mouse alloantisera do not 
usually mediate lysis of mouse target cells (lymph node 
lymphocytes, phytohaemagglutinin (PHA) blast cells, and 
tumour cells) by mouse effector cells (spleen cells). Data 
supporting this conclusion will be presented elsewhere. 

In man, alloantibody has a second activity in this cell- 
dependent assay: namely, that when the antibody is directed 
against the effector cell it inhibits cell-dependent killing of 
antibody-coated target cells? We have found that mouse 
alloantisera have a similar effector-cell inhibiting capacity. 
Mouse spleen cells are excellent effectors for lysing antibody- 
coated xenogeneic target cells (in contrast to their inability to 
lyse alloantibody-coated allogeneic cells). When alloantibody 
directed against H-2 specificities of the effector cell is added, 
the lysis is abolished. This assay, which we refer to as the 
cytotoxicity inhibition assay (CIA) is the subject of this report. 

The cytotoxic system used is similar to that of Perlmann’, 
using mouse spleen cells (effector cells) to lyse chicken red cells 
(CRBC) (target cells) in the presence of rabbit anti-chicken 
red cell antibody (RACA). Single-cell suspensions of mouse 
spleen cells in Eagles’ minimal essential medium (MEM) with 
5%, foetal calf serum were placed in plastic culture tubes. The 
alloantiserum to be tested was added to these, with 10* radio- 
active *'Cr-labelled CRBC and RACA (1/25,000) in a final 
volume of 250 ul. All experiments are performed in triplicate. 
Sheep red cells were added at 10’ mi~ to lower background *'Cr 
release®. The mixture was then incubated at 37° C for 3 hina 
10% oxygen, 5% carbon dioxide atmosphere in a dessicator. 
After 3 h, 500 ul of cold MEM was added to each sample: 
the cells were spun down and the supernatant removed. Cells 
and supernatant were then counted separately on a Packard 
Autogamma scintillation spectrometer, and the results 
expressed as % ®'Cr release. 

Excellent *'Cr release with good sensitivity to inhibition by 
antibody occurred at spleen cell to CRBC ratios of 200:1 and 
RACA concentrations of 1/25,000, and these concentrations 
were used in all studies discussed here. Maximum killing usually 
ranged between 30°, and 60° 5Cr release, with background 
“Cr release of 0.5-3.0°¢. The alloantisera tested are con- 
ventional anti H-2 antisera, *with good titres in complement 
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Fig. 1 The specificity of the CIA test. Various sera were 


incubated with BALB/c (H-24) or CBA/H (H-2*) spleen cells 
(2 x 10°) plus RACA (1/25,000) and CRBC (10°) for 3 h. The 
reactions of the three anti H-2¢ sera against BALB/c are very 
strong, whereas the anti H-2* and anti H-2° sera do not inhibit. 
The reaction of the anti H-2* serum with CBA/H is similarly 
very strong. Serum ‘b anti d’, CS7BI6 anti BALB/c, reacts with 
CBA/H as would be predicted by public specificities shared by 
H-2* and H-2*. a, BALB/c effectors; b, CBA/H effectors. 
O NMS: Normal BALB/c serum; @ ‘anti k: BALB/c anti 
CBA/H; 4 ‘anti b’: (CBA/H = BALBc) F, anti C57 Blé: 
A ‘banti d’: C57B16 anti BALB/c; O k anti d’ No. 1: CBA/H 
anti P8ISY: W ‘k anti d’ No. 2: CBA/H anti BALB/c. 


mediated microcytotoxicity (up to 1/1000). 

Many mouse alloantisera show a powerful specific inhibitory 
effect on cell-dependent antibody-mediated lysis of CRBC by 
spleen cells (Fig. 1). The effect of normal mouse serum, 
irrelevant antiserum or antiserum directed against specificities 
of the effector cell on *'Cr release are shown in Fig. 1. The 
killing by BALB/c spleen cells (H-2°) is virtually eliminated by 
anti H-2° antisera, but is only weakly inhibited by normal 
mouse serum, anti H-2* serum, or anti H-2° serum. Similarly, 
killing by CBA/H spleen cells (H-2*) is strongly inhibited by 
anti H-2* serum, but only weakly inhibited by anti H-2° and 
anti H-2° serum or by normal mouse serum. The exception, 
‘b anti d’, anti H-2¢ raised in CS7BI6 mice (H-2°), reacts with 
CBA/H spleen cells in a manner predictable on the basis of 
public specificities shared between H-2° and H-2* (ref. 6). 
When allowance is made for this predictable cross-reaction, and 
when compared with the weak inhibitory activity of any mouse 
serum, the CIA is thus highly specific. The weak inhibitory 
activity of normal mouse serum and of irrelevant antiserum is 
similar to that noted in other systems’. 

The specific inhibitory activity can be absorbed out (Fig. 2). 
Anti CBA/H serum which had been absorbed | x ,2 «,or3 x 
against 3 x 10? CBA/H spleen cells was assayed for its ability 
to inhibit killing by CBA/H spleen cells (Fig. 2a). One absorp- 
tion produced a dramatic decline in the inhibitory activity, 
with further decline after each subsequent absorption. The 
cells used for absorption were resuspended and washed 
thoroughly and then assayed for their activity as effector cells 
(Fig. 2b). The first absorption leaves the cells used for this 
purpose with greatly reduced killing capacity, and each 
successive absorption reduces the killing capacity of the 
absorbing cells less. Thus, the inhibitory activity of the 
alloantiserum is absorbed out, and the absorbing cells become 
inhibited in their killing capacity. Additional experiments 
indicate that this inhibition of killing capacity lasts for at least 
24 h when the antibody-coated effector cells are washed and 
incubated at 37° C. 

We therefore feel that the CIA detects a specific, 
absorbable activity which is probably alloantibody in nature. 
We investigated whether tRis antibody is directed towards the 
H-2D and H-2K ‘serologically-defined’ specificities, or towards 
other H-2 or non H-2 antigens by testing an anti H-2° serum 
and an anti H-2* serum against various congenic mouse 
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strains, with a C57BI/10 Sc Sn (B10) background, differing 
only in all or part of the H-2 region (Fig. 3). Here the specificity 
controls, BALB/c and CBA/H, show that the reaction is 
completely specific. The anti H-2" serum causes strong 
inhibition of BIO.BR, BIO.AKM and BIO.A. each of which 
shares part or all of its H-2 region specificities with H-2*. 
Similarly, anti H-2* serum inhibits killing by BIO.A and 
BIO.AKM cells which have part of their H-2 regions from 
H-24 (BI0.A) or from H-2% (BIO.AKM), which has many 
specificities in common with H-2°. The weak reaction of both 
anti H-24 and anti H-2* sera with BIO cells is expected on the 
basis of shared public specificities. 

While complete understanding of the specificities involved 
remains to be established, we believe that ‘serologically- 
defined’ H-2 specificities can explain most of the inhibitory 
activity of these alloantisera. 

The mechanism of this inhibition is under study. The absence 
of complement from the medium, the high titres of inhibitory 
activity in the sera (1/3,500 or more) and cell counts made after 
many hours of incubation seem to make cell death or agglutina- 
tion unlikely mechanisms. Damage to a small sub-population 
of cells, the actual effector cells, is impossible to rule out at 
present because these cells are morphologically unidentifiable. 
On the basis of current knowledge of the killing systems 
mediated by antibody and effector cells*®, the most likely 
mechanism is that 7S antibody attached to a surface antigen on 
either the effector cell or an adjacent cell, blocks the receptor 
by means of the Fe portion of the antibody, perhaps tn the 
form of an immune complex. This would be in agreement with 
present concepts of the binding of immune complexes by 
the Fe receptor'¢:!!. 

We cannot explain the dichotomy between the ability of 
mouse spleen cells to lyse antibody-coated CRBC and their 
apparent inability to lyse alloantibody-coated allogeneic cells. 
One report!? documents the cell-dependent lysis of YAC and 
P815Y tumour cells coated with antibody raised against YAC 
tumour cells in CBA mice but the possibility that this is 
antitumour activity, and not anti H-2 activity, which is mediating 
this lysis has not been investigated*. If most alloantisera in mice 
canngt mediate cell-dependent target cell destruction, then 
what is the importance of the interaction of these antibodies 
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Fig. 2 The effect of absorption of serum with specific cells. 
I ml of BALB/c anti CBA/H (1/50) was absorbed for 30 min 
at room temperature with 3 x 10’ CBA/H spleen cells, once, 
twice, or three times. The inhibitory activity was then assayed 
against fresh CBA/H spleen cells at serum concentration 1/125. 
Similarly, the cells used for the absorption were resuspended and 
their cytotoxic activity was assayed to see if they had been 
inhibited. a, The inhibitory activity is greatly reduced after 
only one absorption; b, the cytoto&ic activity of the cells used 
for the absorption is greatly reduced. All studies done for 3 h at 
37° C at effector: CRBC ratios of 200:1 and RACA concentra- 
tion 1/25,000. Absorption with BALB/c cells (not shown) 
has no effect. 
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Fig. 3 Typical study of the association of inhibitory activity in 
alloantisera with H-2 antigens. Spleen cells (2 x 10°} 
incubated with RACA (1/25,000) and chromium. dabe 
CRBC (10%), in the presence of 1/50 normal mouse ser 
anti H-2% serum (CBA/H anti BALB/c) or anti H-2* se 
(BALB/c anti CBA/H). The controls with no added n 
mouse serum are indicated (-e-). Complete specific 
shown on the basis of the reactions with BALB/c and Cl 
The strong reactions of both sera with B10.A, and of ant 
with BIO.BR and BIO.AKM are attributable to privat 
public specificities. The reactions of both sera with BIO, < 
anti H-2! with BIO.AKM, can be attributed to public spect! 
alone. The table indicates the source of the genetic materia 
this region in the H-2 complex. ‘d’, Derived from H-2°; 
derived from H-2*; ‘b’, derived from H-2°; and ‘q’, derived 

from H-29 (ref. 13). ae 


with the Fe receptor of the effector cell? Perhaps the lack o 
killing of the target cell in such interaction In mice perm 
enhancement phenomena to occur more readily. 


The sera which are positive in the CIA usually have titres hi 
than their complement-dependent cytotoxic titre. The Cl. 
provides an important new alloantibody assay, indepenc 
complement, for mouse immunogenetic studies, and also, a 
shall report elsewhere, for immunogenetic studies in man. 
P.H. is supported by an Ontario Department of ` 
Fellowship Grant. We are grateful to the Cancer Re: 
Campaign and to the London Hospital Endowment Fut 
support. Breeding pairs for congenic mice were provid 
Dr Peter Demant. We wish to thank Dr J. A. Sach 
Miss K. Abbasi for H-2 antisera. | ow 
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Inhibition and reversal of capping 
by cytochalasin B, vinblastine and colchicine 


THE phenomenon of capping in lymphocytes'™ consists of the 
segregation of membrane components, specifically cross-linked 
by antibody or other ligand, at one pole of the cell, typically 
that surrounding the centrosome':*. Capping has been inter- 
preted as resulting from a countercurrent flow of membrane 
components, in which the cross-linked patches are transported 
towards the centrosome region by interaction with cytoplasmic 
structures, while the unaffected parts of the membrane flow in 
the opposite direction’:*’. 

This interpretation indicated a possible role in capping of 
contractile microfilaments and microtubules. With the excep- 
tion of a negative report®, cytochalasin B, which apparently 
impairs microfilament function’, was found to inhibit consis- 
tently, although in most cases only partially, capping of surface 
immunoglobulin (Ig) (refs 1, 3, and 8). Microtubule-affecting 
drugs, like colcemid and vinblastine, had no inhibitory effect *. 
it has been suggested, however, that microtubules could be 
involved in the control of surface Ig movement, as the inhibition 
by con A of capping of surface Ig-anti-Ig complexes could be 
reversed by high doses (10 M) of vinblastine and colchicine*®’. 
By studying the combined effect of vinblastine or colchicine 
and cytochalasin B on capping of surface Ig and con A receptors 
on mouse spleen lymphocytes, I have now found evidence 
indicating that both microfilaments and microtubules can play 
a direct role in capping. 

Rhodamine-labelled rabbit anti-mouse immunoglobulin 
(rh-RaMIg), fluorescein-labelled sheep anti-mouse immunoglo- 
bulin (fl-SaMIg) and rhodamine-labelled rabbit anti-sheep 
immunoglobulin (rh-RaSIg) were prepared according to Cebra 
and Goldstein!*. Con A (Miles-Yeda) similarly was conjugated 
to fluorescein (fi-con A) in the presence of 0.1 M glucose, 
5x 10" M MnCl, and 5 x 10% M CaCl, and purified by chromo- 
tography on Sephadex G-50. Only that fraction which strongly 
bound to Sephadex at pH 7.2., that is, which in a stepwise 
elution could be eluted between 0.01 M and 0.10 M glucose, 
was used. BALB/c spleen cells were incubated at 37° C in 
Leibovitz medium (L15) (Flow) containing 0.2% bovine serum 
albumin. This medium does not contain glucose, reducing the 
possibility of secondary effects due to inhibition of glucose 
transport by cytochalasin’!*”, 

Vinblastine (5 x 1075 M or less) had no effect on, or slightly 
enhanced the percentage of cells capped by rh-RaMIg, while 
cytochalasin B (10 or 20 pg ml) was partially inhibitory 
(Table 1). However, when cytochalasin B and vinblastine were 
used together, capping was virtually completely inhibited 
(Table 1), even after several hours. The same effect was obtained 
substituting colchicine for vinblastine (Table 2). The inhibition 
occurred with these drugs in a dose range of 10~*~ 10 M, at 
which they are known to affect microtubules'**. The antibody 
was distributed as random spots all over the inhibited round 
cells (Fig. la). Using a second label (rh-RaSIg) to stain the 
first fluorescent antibody (fi-SaMlg), it was found that several, 
but not all, of these spots werd intracellular. The combined use 
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Table 1 Capping of surface Ig in the presence of vinblastine and 
cytochalasin B 


Sample vo CAPS 
Experiment! 1 Control 94 
2 Vinblastine 2.5 x 107° M 92 
3 — Cytochalasin B 10 ug mi~! 66* 
Experiment 2 Cytochalasin B (18 pg ml?) present in all 
samples: 
4 No vinblastine 84t 
5 Vinblastine, 5x 10> M 8 
6 Vinblastine, | x10 M 8 
7  Vinblastine,5 «107° M 13 
8  Vinblastine, | x 107° M I8 
Recovery (<0.1 pg ml ~ cytochalasin B): 
Sa Recovery from 5 
(vinblastine, 5x 107 M) 214 
6a Recovery from 6 
(vinblastine, | x 107° M) 78t 
7a Recovery from 7 
(vinblastine, 5x 107° M) 88t 





Washed BALB/c spleen cells (2 x 107 cell ml ~+) filtered through glass 
wool, were preincubated 35 min (Experiment 1) or 90 min (Experi- 
ment 2) at 37° C in vinblastine or cytochalasin B as indicated. Each 
sample (20-40 ul) was incubated with 20-40 pl of rh-RaMIg, 15 min 
at 37° C and washed once by centrifugation (always in the presence 
of the drugs), Part of samples 5, 6, 7 were washed with medium 
containing vinblastine, but not cytochalasin B, and incubated for 
15 to 30 min at 37° C, before examination. Samples with cytochalasin 
B in this and other experiments contained 0.25 % dimethylsulphoxide 
which had no effect on capping. Cells were scored as ‘caps’ if the 
stain was detectable over no more than one half of the cell, irrespec- 
tive of whether it was on the surface or pinocytosed. 

* In other experiments the inhibition varied from 20 to 70%. 

t Mainly pinocytosed label. 


of cytochalasin and vinblastine therefore also blocked the polar 
accumulation of this pinocytosed material, which was not 
completely prevented by either drug alone, The cooperative 
inhibitory effect of these drugs on capping was even more 
apparent when the inhibited cells were resuspended in fresh 
medium containing vinblastine or colchicine, but no cytocha- 
lasin (<0.2 pg mi~}, final concentration). The inhibition was 
reversed (Tables | and 2) and in less than 15 min all the label 
accumulated at one pole of the cell. Most of the label seémed, 
however, to be intracellular, that is, pinocytosed. The recovery 
was essentially complete in the presence of 10~ M colchicine 
or 10 M vinblastine, incomplete at higher doses of vinblastine 
(Tables | and 2). If colchicine was removed and cytochalasin 
left in the medium, the recovery was incomplete (Table 2). 
Cytochalasin B was even more effective on capping of con A 
receptors by fi-con A. At doses of 20-100 pg ml ™ this fl-con A 
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Table 2 Inhibition of capping of surfaceslg by cytochalasin B and 
colchicine 





Sample % caps 
i Control 85 
2 Colchicine (10 M) 98 
3 Cytochalasin B 20 pg ml ~? 7i 
4 Cytochalasin B (20 pg mim?) + 5 

107 M colchicine 
5 Cytochalasin B (20 pg ml>) + 8 
10 M colchicine 
6 Cytochalasin B (20 pg mi~') + i7 
10 M colchicine 
Recovery (<0.2 pg mi~ cytochalasin B): 
4a Recovery from 4 (colchicine, 107 M) 83 
Sa Recovery from 5 (colchicine, 107° M) 82 
Recovery (15 pg m!™ cytochalasin B): 
4b Recovery from 4 (colchicine, < 107" M) 30 
5b Recovery from 5 (colchicine, < 10 M) 36 


OSSOS 
4x10 cells mi~ were preirtubated at 37° C for 75 min in the 
presence of colchicine and cytochalasin B, as indicated, and then 
incubated with rh-RaM lg for 15 min at 37” C. Part of samples 4 and 5 
were washed to remove either colchicine or cytochalasin B from the 
samples, and incubated for 15 min at 37° C (recovery). 
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Fig. 1 Inhibition and reversion of caps. The photographs 
were taken using a Leitz Ortoplan microscope equipped with 
Opak-Fluor vertical illumination (Leitz GmBH-Wetzlar). 
a, Cells stained with rh-RaMIg at 37° C in the presence of 
20 pg ml ~ cytochalasin B and 107° M colchicine (see Table 2): 
b, cells stained with 50 pe mi“ of fl-con A at 37° C in the 
presence of 20 ug mi~ cytochalasin B; ce, cells stained for 
I0 min at 23° C with rh-RaMlg in the presence of $3 1075 M 
vinblastine. Typical caps; d, the same, but incubated further 
for 35 min at 37° C with 20 pgml~! cytochalasin B. Spotty rings, 
with some accumulation of label on one side of the cell, 


preparation inhibited surface Ig capping” only by 30-40% 
and formed con A caps in about 50° of the spleen cells in 
10 min at 37° C. This capping was completely and reversibly 


inhibited by 10 min exposure to 10 pg mi~ of cytochalasin B, 


either in the presence or in the absence of vinblastine (Table 3: 
Fig. 15). The change in cell shape from round to variably 
elongated which accompanied con A capping was also inhibited 
by cytochalasin. 
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Table 3 Inhibition of capping of con A receptors by cytochalasin B 
and vinblastine 


kd 





aparit nerenin 


Sample % caps 
Experiment} 1 Control 32 
2  Vinblastine, 107? M 5] 
3 Cytochalasin B (10 pe mi1} < | 
4 Vinblastune, 107? M + 
cytochalasin B (10 ug mi~?) 0 
Recovery (< 0.15 ug mi~? cytochalasin B); 
3a Recovery from 3 (no vinblastine) 45 
4a Recovery from 4 (vinblastine, 1074 M) 36 
Experiment2 5  Vinbfastine, I0 M + 0 
cytochalasin B (10 ug ml~) 
5a Recovery (cytochalasin B <0.1 52 
Hg mi~?, vinblastine, 107° M) 
5b Recovery (cytochalasin B 10 pg mi, 0 


mmm 
4x 10° spleen cells were preincubated for 30 or 60 min at 37° C in 
vinblastine or cytochalasin B or in medium alone, then 90 ul of each 
sample were incubated with 10 pl of fl-con A (50 ug mi~ final 
concentration) for 15 min at 37° C. Part of samples 3, 4 and 5 were 
washed with medium free of cytochalasin or, respectively, vinblastine, 
as indicated, and incubated for further 30 min at 23° C (samples 3a, 
4a) or 20 min at 37° C (samples 5a, b) before examination. 


These findings demonstrate that cytochalasin-sensitive struc- 
tures play an essential role in cap formation, and that micro- 
tubules are also somehow involved. The nature of the interaction 
between these structures is unknown. It is likely that the 
former corresponds to a cortical layer of microfilaments which 
interact directly with membrane? elements’. The latter may 
interact indirectly with the membrane, perhaps‘ through the 
mediation of microfilaments, and probably constitutes at least 
part of the internal cellular frame with respect to which mem- 
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brane movement occurs?’. As capping is not blocked by : 
microtubule disruption, it seems likely that part of this frame i 
and its polarity are preserved by other cellular structures. The 


different degree of inhibition by cytochalasin B on con A © 


receptors and surface Ig capping could reflect differences in E 
their interaction with cytoplasmic structures. It is also con- ` 


ceivable, however, that the function of these structures is — 


affected only incompletely by cytochalasin B, to an extent 
sufficient to block cell movement, but not partial membrane 
displacements, which can occur also in the absence of cell 
movement™*. Differences in the extent of segregation achieved 
could then be quantitative and depend on the degree of cross- 
linking, size and number of the patches formed by a particular 
ligand. 

Further evidence for the role of cytochalasin-sensitive struc- 
tures, which indicates that they are involved in holding together 
the capped membrane, was provided by experiments in which 
preformed caps were ‘reversed’ into rings using cytochalasin. 
Cytochalasin B (10 pg ml~'), either in the presence or the 
absence of vinblastine, reversed almost 90° of con A caps in 
45 min at 37° C (Table 4), whereas little or no reversion was 
observed in rh-RaMlg caps. A large part of rh-RaMig; how- 
ever, was already pinocytosed within 10 min before the addition 
of cytochalasin, whereas, on the contrary, most of the capped 
con A remained on the surface. Repeating the experiment with 





Table 4 Reversal of caps by cytochalasin B 


Time 
(min) % caps 
Experiment |} fi-con A caps 0 45 
(37° C, no vinblastine) 45 6 
Experiment 2  rh-RaMig caps 0 91 
(23° C, 5x10 M vinblastine) 35 34 





In Experiment 1, fl-con A caps were induced in 10 min at 37° Cas ~ 


and the rest incubated for 35 min at 23° C in the presence of 20 pg ml~* a 
of cytochalasin B. ae 


rh-RaMIg at 23° C and in the presence of vinblastine, which 
favours the formation of a true surface cap before the onset > 
of appreciable pinocytosis, rh-RaMIg caps could be reversed ` 
by cytochalasin into spotty rings in about 60% of the cells 
(Fig. 16, c; Table 4). Other (unpublished) data indicate that 
con A ‘reversions’ can also be induced by metabolic inhibitors, 
in agreement with an earlier report of Sallstrom and Alm*, 
These findings indicate that cytochalasin-sensitive structures 
are responsible for holding together the labelled patches intoa 
single cap, even when these are not completely cross-linked by 
the ligand into a single complex; microtubules seem to be less 
important. On adding cytochalasin, the labelled patches are 
released and can mix again with the unlabelled membrane. 

I thank Luciana Forni for rh-RaMlg, fi-SaMIg and 
rh-RaSlIg. 
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| capping of macromolecules 
-by local anaesthetics and tranquillisers 








IMMUNOGLOBULIN (Ig) molecules on the surface of B lympho- 
> cytes aggregate into a ‘cap? when the cell is treated with 
~~ anti-Ig'. A similar process occurs with concanavalin A (con 
© A) on neutrophil polymorphonuclear leukocytes (PMN)*. 
Capping occurs in two stages in both of these cell types’”: 
first, the ligand-receptor complexes aggregate into multiple 
_ clusters of variable size, leaving intervening bare membrane; 
_ and second, the clusters are swept into a single mass. Both 
stages are temperature-dependent (that is, they do not occur 
-in the cold), but only the latter is energy-dependent (that iS, 
© clustering occurs but capping is inhibited on cells treated 
< with metabolic inhibitors} °. The formation of clusters can 
< be attributed to the ability of the ligand to cross-link 
© receptors’; some form of membrane activity then sweeps 
the clusters into the cap. Capping can occur in the absence 
of cell locomotion’, but if locomotion does occur the cap 
is found at the trailing end of the cell’. These aspects of 
capping have recently been analysed in detail*’. 

We have now found that capping of con A on PMN, and 
of anti-Ig—Ig complexes on lymphocytes, is reversibly inhi- 
bited by local anaesthetics and tranquillisers which act as 
membrane stabilisers, characteristically able to inhibit 
membrane depolarisation" ™. 

Human PMN attached to glass coverslips? were exposed 

to fluorescein-conjugated con A (100 «g mli) in Hanks 
balanced salt solution (BSS) for 10 min at 4° C, washed in 
BSS, incubated (in the presence or absence of drugs) in BSS 
containing 10% foetal calf serum for 10 min at 4° C and 
then warmed to 37° C. In agreement with our previous 
observations’, fluorescence microscopy showed that, in the 
absence of drugs, approximately 95% of such cells developed 
gaps of con A within 5 min; the PMN were motile and the 
“caps were situated at the trailing end of the cell. Capping was 
inhibited in the presence of the local anaesthetics and tran- 
<- quillisers; in addition, cell locomotion was suppressed. Test- 
ing with a range of doses (from 107° M to 4x107 M) 
established that complete inhibition of capping and loco- 
a : motion occurred with 4x107 M Xylocaine, 10 M Nuper- 
< eaine, 2x10 M chlorpromazine and 10~‘ M trifluoperazine. 
= Reversibility of this phenomenon was tested by washing 
= away the drug just before warming to 37° C: capping was 
-restored on approximately 95% of cells after treatment with 
Xylocaine, on 85% after Nupercaine, on 75% after chlor- 
promazine and on 50% after trifluoperazine. 
= The effect of Xylocaine on the redistribution of con A 
"receptors on PMN was examihed by electron microscopy of 
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shadow-cast surface replicas (using Busycon canaliculatum 
haemocyanin as a marker for con A"). Glass-attached 
PMN were exposed to con A (100 ug ml™') in BSS for 
10 min at 4° C, washed in BSS, treated with haemocyanin 
(500 ag mi~') in BSS for 10 min at 4° C, washed in BSS and 
incubated (in the presence or absence of Xylocaine) in BSS 
containing 10% foetal calf serum for 10 min at 4° C. The 
cells were than warmed to 37° C for 10 min before fixation 
in glutaraldehyde and preparation of surface replicas’. As 
previously described', electron microscopy of such specimens 
showed a random, dispersed distribution of con A on control 
cells labelled and fixed at 4° C; after warming to 37° C, the 
cells showed active locomotion and the con A quickly formed 
a single aggregate at the tail; if cell motility was impaired 
(for example, with cytochalasin B) capping occurred, but 
over the central region of the cell‘. On PMN treated with 
Xylocaine, the con A aggregated into multiple, irregular, 
scattered patches at 37° C, but did not cap. Thus, capping 
was inhibited but not the temperature-dependent formation 
of patches. 

We then studied the effect of these drugs on the capping 
of anti-lg on lymphocytes. Mouse spleen cells were incu- 
bated with fluorescein-conjugated rabbit anti-mouse Ig 
(RAMG)* for 15, 30 or 45 min at room temperature in the 
presence or absence of the drugs. After fixation in para- 
formaldehyde, the pattern of labelling was assessed by 
fluorescence microscopy. Capping was inhibited to different 
degrees by each drug (using the doses, mentioned above, 
which caused complete inhibition of con A capping on 
PMN) (Fig. 1). The inhibition by Xylocaine was complete. 
On the uncapped cells, label was distributed in multiple 
patches over the surface, such patches were small, in con- 
trast to the large aggregates seen on metabolically inhibited 
lymphocytes’. Reversibility of this drug inhibition was tested 
in two ways: cells were exposed to the drug for 30 min, 
washed, and treated with RAMG for 30 min without the 
drug: or cells were treated with RAMG in the presence of 
the drug for 30 min, washed and incubated without RAMG 
or the drug for 30 min. Figure 2 shows that removal of 
the drug restored capping ability. This reversibility „was 
particularly striking with Xylocaine. 

Local anaesthetics inhibit membrane depolarisation by 
reducing sodium and potassium conductances”. This seems 
to follow displacement of calcium ions from binding sites 
in the membranet. In erythrocytes, such treatment leads 
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Fie. 1 Lymphocytes were collected from mouse spleens and 


purified by centrifuging on a Ficoll-Hypaque gradient; 
5x 10° cells (in 0.5 ml of Hanks BSS containing 1° foetal 
calf serum and the appropriate drug) were placed on tissue 
culture dishes; 50 ug of flyorescent RAMG was added and 
the suspension was incubated for 15, 30 or 45 min at room 
temperature, at which time an equal volume of 2.5% para- 
formaldehyde was added to stop the reaction. O, Control, 
m, 4x10 M Xylocaine; w, 10-7? M Nupercaine, @, 
2x10 M chlorpromazine; A, 107+ M trifluoperazine, 
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Fig. 2 Reversibility of the inhibition produced by the 
drugs. Light hatching, Lymphocytes (5 x 10° in 0.5 ml) were 
incubated with the drug for 30 min in the presence of 50 ug 
of fluorescent RAMG. (Note complete inhibition by Xylo- 
caine), Coarse dots, Lymphocytes were incubated with 
the drug for 30 min, washed once and then incubated in 
fresh media containing RAMG for 30 min. Heavy hatch- 
ing, Lymphocytes were incubated with the drug and RAMG 
for 30 min, washed once, and then resuspended in. media 
free of drug and RAMG for 30 min. 


to expansion’ and physical stabilisation” of the membrane, 
providing protection against osmotic lysis’, Other effects 
of such drugs include the inhibition of several kinds of 
cell-to-cell interaction (platelet adhesiveness”, cell fusion”, 
leukocytic adherence to endothelium”), as well as inhibition 
of phytohaemagglutinin-induced lymphocytic transforma- 
tion”. Our experiments indicate that they also affect the re- 
distribution of membrane-bound ligands. Whether this is 
due to ‘molecular packing’ induced by the burying of drug 
molecules within the membrane’, or distortion and expansion 
of membrane protein’, or some other intrinsic membrane 
derangement is not clear. Because the movement of patches 
into caps may depend on cytoplasmic influences (such as an 
intact metabolism, and a colchicine-sensitive system and (or) 
cell locomotion)’~?, another possibility is that the drugs 
affect cytoplasmic constituents. Thus, the immobilisation 
of PMN during drug exposure (also reported for procaine- 
treated fibroblasts") may be due to an inhibition of release 
of internal calcium» causing an inability to activate the con- 
tractile process”. In addition, Xylocaine has been reported 
to cause a reversible disappearance of microtubules in rabbit 
vagus ne This may nave ns to a data oe 
Makine pad in the KER of cell movement, But only if 
a colchicine-sensitive system is intact*’. 
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Increased sensitivity of cell-free 
protein synthesis to double-stranded 
RNA after interferon treatment 


NATURALLY occurring and synthetic double-stranded RNAs 


(dsRNAs) are interferon inducers’. They inhibit protein 
synthesis in animal cells? and cell-free systems’~*. It is 
intriguing, therefore, that interferon treatment renders cells. 
more sensitive to the toxic effects of dsRNA’, particularly 
as viral dsRNA may be involved in the replication of RN, 

viruses and has been isolated from DNA virus-infected cells’, 
Accordingly, the production of viral dsRNA in response to 
infection could bring about a general inhibition of protein 
synthesis in the interferon-treated cell, as is indeed observed 
in interferon-treated, vaccinia virus-infected mouse fibroblast. 
L cells*. The cell dies but little virus is ee an 
effective way of limiting a natural infection. = 

Here we report an interferon-induced increase in PR 
sensitivity of virus protein synthesis to inhibition by dsRNA 
in cell-free systems from interferon-treated L cells. Previously, 
we showed a similar enhanced inhibition of protein synthesis 
in such systems in response to infection with vaccinia or _ 
encephalomyocarditis (EMC) virus’. The possibility that, _ 
in accord with the above hypothesis, this enhanced 
interferon-mediated inhibition of protein synthesis seen after 
infection is triggered by the synthesis of very small amounts 
of viral dsRNA is discussed. 

The cell-free extracts used throughout were crude post: 
mitochondrial supernatant fractions from uninfected L cells. 
They were neither preincubated to lower endogenous 
incorporation nor passed through Sephadex to reduce the 
pool of cold amino acids. With such systems, a two to 
five-fold stimulation of amino acid incorporation in response 
to added EMC RNA as message is routinely observed and 
this stimulation is normally only slightly inhibited (<30%) 
by treatment of the cells with low doses (<300 reference or 
30 effective units ml’, see legend to Fig. 1) of interferon”. It 
is known that the added EMC RNA is translated correctly 
in these systems to yield EMC-specific polypeptides, initiation 
occurring at a single major site as in the intact EMC-infected 
cell- = 
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Fig. 1 Sensitivity of various cell-free systems to dsRNA 
and DNA, Crude postmitochondrial supernatant fractions 
were used throughout. The extracts in a, b, c, d and f were 
from L cells, that in e from Krebs cells. Interferon pre- 
treatment of the cells was with 200 (b) or 300 (d and f) 
units ml~*. The interferon concentrations throughout are in 
International Reference units based on the NIH standard. 
: ‘Ten reference units were equivalent to approximately one 
effective unit in reducing the yield of EMC by 50%. The 
heat-inactivated interferon (c) was at a concentration 


C equivalent to 300 units mi~? before inactivation: the heat 


treatment (60° C for 20 min) was just sufficient to destroy 
its antiviral activity. a, Control, b, interferon; endogenous 
amino acid incorporation + increasing amounts of reovirus 
dsRNA (0); EMC RNA-stimulated. incorporation + reo- 
virus (x) and P. chrysogenum (©) dsRNAs or poly(D: 
poly(C) (4). The abscissa in all cases gives the range of final 
concentrations of the dsRNA, poly(I)-poly(C), or (in f) 
DNA in the assay. c, Heat-activated interferon, endogenous 





say)’. Mouse L cell interferon purified by affinity chroma- 
ygraphy** (2 5 x 10’ units per mg protein) from Dr K. 
faucker was used in most experiments. Electrophoretically 
purified interferon (> 10’ units per mg protein) was from 
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MRE Porton, England. To check the effectiveness of the 
interferon treatment, samples of the cells used to prepare the 
extracts in these experiments were plated as monolayers, 
infected with 4-10 plaque-forming units per cell of EMC and 
the virus yield after 17 h at 37° C was assayed by haemag- 
glutination. Reovirus dsRNA was from Dr J. J. Skehel, 
P. chrysogenum virus dsRNA” from Dr R. A. Cox and 
adenovirus DNA from Dr W. C. Russell. Poly()poly(C) 
lot 8, Control No, 11-8-321) and poly(U) were from Miles- 
Seravac (Pty) Ltd, Maidenhead, Berkshire, England. 
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In such cell-free systems from interferon-treated L cells 
the translation of added EMC RNA was markedly inhibi- 
ted (50-90%) by reovirus and Penicillium chrysogenum 
phage dsRNAs and by poly(l)-poly(C) (Pig. 1b). These 
dsRNAs had much less effect on the corresponding un- 
treated systems (Fig. la) on endogenous incorporation 
(Fig. la and b) or on the translation of poly(U) (Fig. Id). 


The insensitivity of the untreated L cell system could be 
analogous to that of the chick fibroblast cell-free system", 


but is in contrast to the rabbit reticulocyte and, to a lesser 
extent, the Krebs cell-free systems (Fig. le) (refs 3-5). The 
basis for this is not known. 

On occasion, particularly on pretreatment of L cells with 
higher concentrations of interferon, we have observed some 
inhibition of the translation of EMC RNA in the cell-free 
system in the absence of infection or dsRNA. Such systems, 
however, still showed an enhanced sensitivity to dsRNA. 
The addition of dsRNA to a 50%, inhibited system from 
cells pretreated with 500 reference units ml of interferon 
for example, resulted in a virtually complete inhibition of 
the translation of the added EMC RNA. 

The minimum concentration of dsRNA required for in- 
hibition in cell-free systems from interferon-treated L cells 
(10-50 ng mi~, Fig. 16) was higher than that required in 
the reticulocyte cell-free system (0.1~-1 ng mi~’) but was of 
the same order as that observed for the Krebs system‘ (Fig. 
le). No inhibition of incorporation was observed with 
similar concentrations (10-1,000 ng ml~') of adenovirus, 
calf thymus or SV40 DNA, rRNA, poly(1), poly(C) or 
alkali-digested poly(1)-poly(C) all of which gave Uata 
essentially identical to those shown in Fig. If. These results 
indicate that the inhibitory agent is indeed dsRNA and that 
the major inhibitory effect is likely to be on the initiation 
of polypeptide chains’~* rather than on chain elongation as 
represented by the majority of endogenous incorporation 
in these systems. The rate and extent of EMC RNA-stimu- 
lated incorporation were both inhibited by poly(1)-poly(C) 
in cell-free systems from interferon-treated L cells (Fig. 2). 
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Fig. 2 Time course of amino acid incorporation in L cell- 
free systems from, a, Control and, hb, interferon-treated 
(30 reference units ml- cells. Endogenous (O) and EMC 
RNA-stimulated *S-methionine incorporation in the pres- 
ence (x) and absence (@) of poly(I):poly(C) (250 ng mi~*). 
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Fig. 3 Dependence on interferon concentration of the en- 
hanced sensitivity to dsRNA of EMC RNA-programmed 
cell-free protein synthesis. Ordinate: EMC RNA-stimulated 
amino acid incorporation in the L cell-free system in 
the absence (@) and presence (x) of 250 ng ml“ of 
poly(ypoly(C). Abscissa: interferon concentration used in 
treatment of the L cells’* before isolation of the cell-free 
extracts. Ten reference units (legend Fig. 1) of interferon 
were equivalent to approximately | effective unit. Accord- 
ingly, here EMC virus growth was inhibited by 30, 297 and 
297% when assayed (legend Fig. 1) in samples of these 
cells exposed to 3, 30 and 300 reference (0.3, 3 and 30 
effective) units ml~', respectively, of interferon. 


The inhibition was relatively independent of extract con- 
centration and was observed at all concentrations of EMC 
RNA tested. : 

Ap important consequence of these results is that in any 
experiment involving a comparison of the translation of 
different viral and host mRNAs in cell-free systems from 
interferon-treated cells, it will be necessary to consider the 
possible effect of even very small amounts of intrinsic or coh- 
taminating dsRNA structures. 

The enhanced sensitivity to dsRNA has been seen with 
many cell-free extracts from eight different batches of L 
cells exposed to 10-500 reference (1-50 effective) units ml7! 
of four different preparations of highly-purified mouse in- 
terferon (>10' reference units per mg protein) from two 
different laboratories. A dose response curve is shown in 
Fig. 3. Cell-free systems from L cells pretreated with in- 
terferon inactivated with respect to antiviral activity by 
heat (Fig. lc) or trypsin treatment were insensitive to 
dsRNA. In addition, interferon treatment of Krebs cells 
of the line tn use in this laboratory, which are very insen- 
sitive to interferon, did not enhance the sensitivity of EMC 
RNA translation in the cell-free system to dsRNA (data 
not shown). 

The increased sensitivity to dsRNA reported here for 
cell-free systems from interferon-treated L cells raises the 
possibility that the enhanced inhibition of translation seen 
in cell-free systems from  interferon-treated, vaccinia", 
EMC" and mengo” virus-infected L cells is triggered by 
the synthesis of small amounts of viral dsRNA. The events 
observed in the intact interferon-treated, vaccinia-infected 
L cell are consistent with this®*’: both host and viral pro- 
tein synthesis are inhibited (althqugh whether by the same 
or different mechanisms is not yet clear), the cell dies and 
little virus is produced. A similar sequence of events occurs 
although more slowly in the interferon-treated EMC-in- 
fected L cell” (M. Esteban, D. R. Tovell, and I. M. K. 
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unpublished). Double-stranded RNA has been detected in 
extracts from vaccinia-infected cells’ and may play a part 
in the replication of RNA viruses such as EMC. It is still 
not clear, however, that dsRNA as such exists in the intact 
cell’? and our initial attempts to detect a dsRNA fraction 


inhibitory to protein synthesis in cell-free systems from _ 
interferon-treated, vaccinia-infected L cells have been un- — 
A. B. and T. Hunt, unpublished). A direct — 


successful (L. 
connection between the effect of dsRNA and of infection 


on protein synthesis in the interferon-treated cell, therefore, 


remains to be established, but the copurification of the 
antiviral and dsRNA toxicity-enhancing properties of in- 


terferon preparations” strongly suggests that they are~ 


related. 


Our results demonstrate an enhanced sensitivity of pro- | 


tein synthesis to dsRNA which could play a part in deter- 
mining the fate of interferon-treated cells after infection 
with a variety of different viruses, possibly reflecting a 
mechanism basic to interferon action. If nothing more, they 
indicate a basis for the enhanced toxicity of dsRNA in the 
interferon-treated cell and provide further direct evidence 
for an interferon-mediated change in the protein synthetic 
apparatus of the cell. 

We thank Drs Tim Hunt and J. A. Sonnabend for useful 
discussion. 
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Excess males among siblings 
_ of Australian antigen carriers 


REPEATED studies have shown that Australia antigen Carriers 


tend to group in families and there is considerable evidence 
that susceptibility to chronic asymptomatic infection pro- 
ducing Australia antigen (Au, hepatitis B antigen) is in- 
herited as an autosomal recessive trait’. The occurrence 
of asymptomatic carriers of Au varies in different popula- 
tions, ranging from 0.1% in the United States and northern 
Europe to 24% in the Melanesian population of the Lau 
people on Malaita, as measured by immunodiffusion’. The 
frequency of Au carriers is relatively high in Oceania and 
particularly high in Melanesian populations’’. If this trait 
is genetically determined, there would be a greater number 
-- of individuals who are either homozygous or heterozygous 
_ for. the proposed recessive gene, Au’, in populations where 
the trait is common. Blumberg has suggested that these 
individuals may possess a selective advantage in certain 
environments’, 

= In 1960, Dr William Davenport confirmed earlier obser- 
© vations concerning an excess of males on the island of 
> Santa Cruz in the British Solomon Islands Protectorate. He 


es ‘suggested that this alteration in sex ratio might be the result 


of selection by an infectious disease (personal communica- 
* tion) Blumberg® reported that there was a deficiency of 
» male offspring of certain matings when one of the parents 
© had Au, that is, that Au is related to alteration in sex ratio. 


=. Here we report finding an excess of males among siblings 


= of Au carriers in a Melanesian population. 
During July, August and September of 1973, the popula- 

tion of the 15 villages in Graciosa Bay, Santa Cruz Island, 
Eastern District, British Solomon Islands Protectorate 
(BSIP) was tested for Australia antigen by immunodiffusion. 
Eight hundred and fifty-two people, comprising more than 
95%, of the total resident population of all ages were bled 
from a finger or toe prick into capillary tubes. None of 
these people had overt hepatitis. The serum was separated 
from the red cells and tested in a seven hole pattern using 
rabbit anti-Australia antigen (A5 and 6) in the centre well 
and control serum, from an asymptomatic blood donor 
which contained the antigen, in the top and bottom wells. 
The plates consisted of 1.1% agarose in 8.2 veronal buffer 
and were read at 24, 48 and 72 h (ref. 9). A census of the 
people living in Graciosa Bay and their immediate families 
was compiled. This included the names and present location 
_of the mother, father and live-born siblings of all residents. 
_ The frequency. of Au carriers was 4.8%. Forty-one indi- 
viduals with Au were distributed in 35 groups of siblings. 
Three groups contained more than one carrier. The sex 
ratio of the siblings of Au positive individuals and matched 
negative controls are shown in Table 1. The controls were 
matched by sex and within one year of age and had no first 
degree relatives who were Au carriers. The first appropriate 
individual listed in the census after the Au carrier to be 
matched was accepted as the control. The analysis includes 
all live-born siblings regardless of subsequent death or ab- 
sence from the village. The ratio of males to females among 
the Au carriers approaches 2:1. This excess of males among 
carriers has been observed previously” and presumably is 
not dependent on any special conditions existing on Santa 
Cruz. The number of males per 100 females among the 
siblings of the control group is 98. The ratio of males to 
females among the siblings of Au carriers is 161:100. When 
these data are tested by Fisher’s exact test (Table 2), the 
result indicates that the observed distribution is not likely 
to occur by chance. Thus, the observed sex ratio represents 
a significant excess of males among the siblings of Au 
carriers. This observation has important genetic, cultural 
and biological implications. 

The report on the census of the population, 1970 by the 
‘Western Pacific High Commission, (BSIP) (ref. 11) contains 
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Table 1 Sex ratio of siblings of Au carriers and negative controls 
Total Female Male No. of males per 
100 females 
Au carriers 4] i4 at 193 
Siblings of Au carriers 146 56 90 161 
Siblings of Au negative 
controls 180 9] 89 98 





Table 2 Fisher's exact test (two-tailed) 


etree S OAOE N EEEa eR R R rath aana ernst tees Pal Ap aaa 


Female Male 
Siblings of 56 90 
Au positives 


P == 0.0159 this occurrence 


P = 0.0364 this occurrence or more 
extreme 
Siblings of 91 89 
Au negatives 





considerable comment on the high incidence of males 
compared with females in the Solomon Islands, particularly 
in Melanesian populations. In 1970 there were 530 males per 
1,000 Melanesians. There were 526 males per 1,000 in the 
0-14 yr age group. The mechanism of this selection is ov- 
scure. It is reasonable to assume however, that males have 
had a reproductive advantage in Santa Cruz. Although 
there is an excess of males living on Santa Cruz, there are 
excess women available for marriage in the Reef Islands: 
these women are brought to Santa Cruz as brides. The keep- 
ing of concubines” has been practised until recently and there 
has been a high mortality among women of childbearing age 
in the Solomons", resulting in men frequently having more 
than one wife. In the Santa Cruz population, in matings 
which can produce Au carriers, there is apparently a sex 
related effect which reduces the number of live born female 
offspring. We suggest that because Australia antigen families 
have a higher proportion of males who have had a repro- 
ductive advantage and may be capable of transmitting the 
Au trait, the Au trait would tend to increase in the popula- 
tion resulting in the observed high frequency of both Au 
carriers and males in the Santa Cruz and possibly other 
Melanesian populations. The question of whether the 
mechanism of the transmission of the Au trait which results 
in family clustering is genetic or not is irrelevant to this 
model for Au carrier amplification. 

Davenport has described trade relationships which have 
existed between the Outer Eastern Islands. The one-way 
travel of women from the Reef Islands to Santa Cruz in 
exchange for bride prices consisting of red feather money 
and food, was basic to the economy and trade relationships 
of the entire island group. The shortage of women on Santa 
Cruz, due in part to the excess masculinity in Au families, 
must have enhanced this trade. The removal of women to 
Santa Cruz also reduced the population expansion in the 
Reef Islands which have limited resources for the support of 
a growing population. Thus, the economy of an entire island 
group may to some degree be affected by selective pressures 
which are apparently related to the interaction between 
genetic factors and the epidemiology of an infectious agent. 

The mechanism of prenatal selection among siblings of 
Au carriers is not clear. It may be directly related to foetal 
mortality resulting from infections with Au or the infectious 
agent associated with Au, or it may be due to maternal 
rejection of infected foetuses. It could also be the result of 
developmental or maternal-foetal interactions which are only 
indirectly associated with the production of Au carriers. 

We thank Dr H. Cohen of Princeton Laboratories for the 
antiserum and R. Dodd of the American Red Cross for the 
antigen used in this study. We acknowledge the assistance of 
C. B. Tanen and members of the British Solomon Islands 
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Adenyl cyclase stimulation by 
aspirin in rat gastric mucosa 


ASPIRIN consumption is associated with gastric mucosal 
erosions}? and upper gastrointestinal haemorrhage**>, and has 
been postulated as aefactor in the development of chronic 
peptic ulcer®7. It has been reported to cause chronic gastric 
ulcer in rats’. There is, however, no real understanding of the 
mechanism of these injuries. Menguy er al.? suggested that the 
damage to the gastric mucosa results from lack of energy 
(ATP) for cell function. The reported antagonism of cholera 
enterotoxin by aspirin in the rat intestine’ might have been 
mediated through the inhibition of adenyl cyclase. We have now 
found, however, that aspirin can stimulate the activity of this 
enzyme in rat gastric mucosa. 

Male Holtzman rats (200-300 g) were fasted overnight and 
then given aspirin by stomach tube (150-300 mg kg” body 
weight, homogenised in 1 % methyl cellulose). Control rats were 
given an equal volume of 1° methyl cellulose alone. After an 
appropriate time (5 min to 5 h) the rats were killed and mucosa 
was removed with a glass microscope slide; this and all subse- 
quent manipulations were done at 2° -4° C, A 10% w/v homo- 
genate of the mucosal scrapings was prepared in Tris—Mg?+ 
buffer, pH 7.5, in an all-glass homegeniser. This was centrifuged 
at 1,000g, and the precipitate was used for all assays. 

Adenyl cyclase activity was determined from the rate of 
formation of 3’,5’-cyclic AMP from “C-ATP, (Amersham/ 
Searle) specific activity 1.03 mCi mmol-, according to a 





Control 5 1045 30 ABE oe 
Time (min) ah! 















' P<0.00L , 
P<0.001, 


nmol cyclic AMP per mg protein 


P<0.001 | 





n= 23 





Control = of 


Time (h) 


Fig. 1 a, Short term (5-45 min) effect of oral aspirin (300 mek 7 


point represents a mean + s.e.m. for three rats. Stimulat 
adenyl cyclase becoming apparent within 5 min after oral 
ministration. b, Long term (between 1-5 h) results. Aden 
cyclase activity is expressed as nmol cyclic AMP per mg protein, 
represented as bars. Each bar shows mean value of adenyl 
cyclase + s.e.m. (n is the number of rats). All values are high] 
significantly different from the control. Various. dose scl 
(75-300 mg kg~ body weight) of aspirin were tried and a 
of 300 mg kg ~ of body weight was selected as the optim: 
150 mg kg ~! aspirin gave comparable results after om min fo 

administration. vpi 


modification of the procedure of Krishna ef al™. E 
activity was expressed as nmol of 3’,5’-cyclic AMP produ 
minute per mg protein as determined by the method € 
et al.+*, | 

- Gastric mucosal homogenate (1,000g precipitate) as ede ae 
above was prepared from 24 rats, in six groups of- four. ee 
Aspirin in methyl cellulose was added to the gastric mucosa of __ 
each of four rats at concentrations of 0.3, 0.6, 0.9, 1.2 and 
1.8 mg per 0.38 ml of reaction mixture. Four mucosae treated 
with equal volumes of methyl cellulose served as controls. The- 
rest of the procedure for measuring adenyl cyclase activity was 
as described above. E 

The effect of aspirin (300 mg kg ~) became apparent 5 min eS 
after the oral dose (Fig. 1). Stimulation of adenyl cyclase was. 
maximum 4 h after the oral dose and was significantly different. 
from the control value, as shown by Student’s ¢ test (P 0.001). - 
Results were also significantly different from control after 
between 1 and 5 h, but not significantly different from. each a 
other. 

Figure 2 shows that there is a direct coreano Benec 
aspirin concentration and the degree of adeny] cyclase: activity z 
The activity seemed to increase linearly with aspirin conce ntra- a 
tion up to 1.8 mg of aspirin in 0.38 mi of reaction mixture. ae 

The report that aspirin counteracted the effect of éholera ae 
toxin on the intestine of rat! suggested a decrease in mucosal. 
adeny! cyclase activity, and a similar decrease was expected ` 










0.70 — 
0.65 Pe — 
oie 


Control 0.3 0.6 0.9 1.2 1.8 
Concentration of aspirin (mg per 0.38 mi) 


nmol cyclic AMP per mg protein 


Fig. 2 Effect of aspirin in vitro at various concentrations (0.3-1.8 

mg per 0.38 ml of reaction mixture) on rat gastric mucosal 

homogenate (1000g precipitate) adenyl cyclase activity. Each 

point represents a mean + s.e.m. of mucosae of four rats. A 

linear relationship between aspirin concentration and adeny] 
cyclase activity is evident. 


after administration of aspirin. Since cyclic AMP was shown 
to decrease gastric acid secretion'®*”, the lowering of adenyi 
cyclase activity after aspirin might have explained the mechanism 
of injury by aspirin. But our experiments refute this contention. 
If one could correlate these findings and if one believes reports 
that cyclic AMP stimulates gastric acid secretion!*"!", the 
stimulation of adeny! cyclase by aspirin may explain the 
mucosal injury. It is also possible that the stimulation exhausts 
the ATP stores? quickly, thus causing mucosal injury. 
Davenport? demonstrated that aspirin damages the gastric 
mucosal barrier and causes hydrogen ion back diffusion, as 
judged by the development of hypoacidity in a gastric pouch 
after administration of aspirin. If one postulates? that cyclic 
AMP inhibits gastric acid secretion, this may be another 
explanation for the hypoacidity seen after injury by aspirin. 


JaGDISH C. MANGLA 
Young Man Kim 
ALBERT A. RUBULIS 


Department of Medicine, Monroe Community Hospital and 
Department of Medicine, Highland Hospital and 

University of Rochester School of Medicine and Dentistry, 
Rochester, New York 14603 


Received February 11; revised April 15, 1974. 


t Davenport H. W., Cohen, B. J., Bref, M., and Davenport, V. D., 
Gastroenterology, 49, 189-196 (1965), 
* Davenport, H. W., Gastroenterology, 46, 245-253 (1964). 
* Croft, D. N., and Wood, P. H. N., Br. med. J., 1, 137-141 (1967). 
* Parry, D. J., and Wood, P, H. N., Gur, 8, 301-307 (1968). 
* Goulston, K., and Cooke, A. R., Br. med. J., 4, 664-665 (1968), 
6 DuPlessis, D. J., Lancer, i, 974-978 (1965). 
7 Allibone, A., and Flint, F. J., Lancer, ii, 179-182 (1958). 
* St John, D. J. B., Yeomans, N. D., and de Boer, W. G. R. M., 
Gastroenterology, 65, 634-641 (1973). 
° Menguy, R., Desbaillets, L., and Masters, Y. F., Seventy-fourth 
Ann. Meeting Am. Gastroentenol. Soc., A89 (1973), 
+° Jacoby, H. L, and Marshall, C. H., Nature, 325, 163-165 (1972), 
11 Krishna, G., Weiss, B., and Brodie, B. B., J. pharmac. exp. Ther., 
163, 379-385 (1968), 
1? Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, 
__ R. J., J. biol. Chem., 193, 265-275 (1951). 
13 Levine, R. A., Cafferata, E, P., and McNally, E. F., The third 
world congress of gastroenterology, 1, 308-410 (1967). 
t+ Levine, R. A., and Wilson, D. E., Ann. N.Y. Acad. Sci., 185, 
363-375 (1967). 
15 Taft, R. C., and Sessions, jun., J. T., Clin. Res., 20, 43 (1972). 
+6 Harris, J. B., and Alonso, D., Fedn Proc., 24, 1368-1376 (1965). 
Ei Mor] = P., Mann, K., and Jahr, R., Klin. Wschr., 49, 936-939 
‘8 Shaw, J. E., and Ramwell, P, W., Prostaglandins, Symp. Worcester 
ene for Experimental Biology (Interscience, New York, 
si Pree E., and Ramwell, P. W. R., J. Physiol. Lond., 195, 34-36 


Nature Vol. 250 July 5 1974 


Cyclic AMP, ATP and cell contact 


DENSITY-DEPENDENT? or contact-inhibited? cells stop dividing 
when they reach confluency; however, transformed cells do 
not exhibit this type of growth control’. Several experiments 
suggest that adenosine 3’,5’-cyclic monophosphate (cyclic 
AMP) is involved in regulating the cell division of cultured 
fibroblasts. The dibutyryl derivative of cyclic AMP inhibits 
proliferation of transformed cells*, and the steady state levels 
of cyclic AMP in normal density-dependent fibroblasts are 
higher than the corresponding virus and spontaneous trans- 
formed cell lines*®. There are, however, discrepancies between 
experiments which have attempted to compare the cyclic 
AMP levels of logarithmically growing with quiescent, density- 
inhibited 3T3 cells. Experiments in our laboratory showed 
that cyclic AMP levels of 3T3 cells do not change over the 
cell density of | x 10*- 6 10' cells per cm? (ref. 5). These results 
have been confirmed by others using the same cell system’. 
Otten et al.®:*, however, reported that cyclic AMP levels of 
logarithmically growing 3T3 cells are lower than those of 
confluent, quiescent cells; Heidrick and Ryan’ reported similar 
results using L cells. 

In an attempt to reconcile those contradictory data, we 
have thoroughly investigated the relationship between cell 
density and the cyclic AMP levels of mouse 3T3 cells. We have 
also studied deoxyglucose transport and cellular ATP levels 
as possible density-dependent phenomena. Measurements 
were made at sparse cell densities (no cell-cell contact), after 
cell contacts were established and again after growth to a 
confluent monolayer. A critical membrane-mediated event 
seems to occur at the cell-cell contact state (before confluency), 
resulting in decreased glucose transport, decreased ATP and 
increased cyclic AMP. Such changes may prime the normal 
cell for eventual density-dependent growth inhibition. Trans- 
formed cells which do not exhibit regulated inhibition of 
growth show little change in these biochemical parameters 
when compared at the three cellular densities. 

Swiss 313, 3T6 and PY3T3 cells (a gift of Dr Howard 
Green) and BALB 3T3 cells and SV3T3 cells (a gift of Dr G. J. 
Todaro) were routinely grown in Dulbecco’s modified Eagle’s 
medium supplemented with 10°% calf serum (Colorado Serum 
Co.) and penicillin-streptomycin (100 U mi~ and 100 pg mi~, 
respectively). Cyclic AMP was measured by Gilman’s method". 
Cells were prepared for assay by washing twice with phosphate- 
buffered saline (warmed to 37° C), then adding cold (4° ©) 
5% trichloroacetic acid (TCA). The TCA supernatant, ob- 
tained by centrifugation, was extracted five times with 5 
volumes of water-saturated ether. Samples were then applied 
on small Dowex-1-formate columns (0.4x3 cm) equilibrated 
with water. Columns were washed with 10 ml of water, and then 
cyclic AMP was eluted with 1 N formic acid. Eluates were 
lyophilised to dryness and redissolved in 0.2 or 0.4 mi of 
water. A sample of 0.05 ml was used for each cyclic AMP 
assay. Recovery of cyclic AMP, which was measured using 
3H-cyclic AMP, was more than 90°4, irrespective of total 
amounts of cyclic AMP (from 0.5 to 20 pmol). Another puri- 
fication method using Dowex 50-H ~- (ref. 8) was tested, but we 
found that the resin releases a substance which strongly inhibits 
cycle AMP binding and so discarded this method. Internal 
standards and susceptibility to degradation by cyclic nucleotide 
phosphodiesterase were used routinely to verify that we were 
measuring cyclic AMP. 

"“H-deoxyglucose uptake was measured by the procedure of 
Martin ef al. after previous incubation at 37° C for 45 min 
in glucose-free Hanks salt solution. Cellular ATP was measured 
using a firefly lantern extract'*. Cells were washed three times 
with warm phosphate-buffered saline, and then cold 50% 
ethanol was added. The cells were scraped from the dish with 
a rubber policeman and mixed by a vortex. After at least 
30 min in an ice bath, the suspension was directly used for 
determination of ATP. Protein was assayed according to 
Lowry et alè. 
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Normal Swiss 3T3 cells grow in culture to 4x 10'-8 x 10! 
cells cm~? at which density the cellular monolayer becomes 
quiescent as measured by DNA synthesis and cell division. 
The logarithmic phase of the growth cycle (under our labora- 
tory conditions) extends to a density of 2 x 10' cells cm~?; at 
this density proliferation begins to plateau and eventually 
stops at 4x 10-8 x 10° cells cm~2. The relation between cell 
density and the intracellular cyclic AMP level is illustrated in 
Fig. 1. Since at least 10° cells were needed for each cyclic AMP 
assay, roller bottles were used for the lighter cultures and 
two to six 60-cm?® plastic. tissue culture dishes were used for 
the heavier cultures. Cells were plated at various concentra- 
tions (all other. conditions being constant) and grown for 24 h. 
The cyclic AMP. level and cell number were then determined. 
The basal level of cyclic AMP was low at sparse 3T3 cell 
density and began to increase at about 3x 10° cells cm~? 
(Fig. 1). Cyclic AMP then quickly increased to a stationary 
concentration that was twice the basal level of the sparse, 
noncontacted normal cells. This increase occurred during log 
phase growth at a density (3 x 10° cells cm~?) that preceded 
confluency and the total cessation of cell division. 

_ ATP levels of 3T3 cells at various densities were also in- 
vestigated, and contrary to the results observed with the cyclic 
AMP levels, the amount of ATP per 10° cells decreased, reach- 
ing a minimum (about half of the maximum) after cell contact 
was established. 

To preclude the possibility that cell volume changed as 
density increased, we measured the cell protein of 3T3 and 
` transformed cell lines as they grew to confluency. Table | is a 
summary of that data and shows little effect of cell density 
on protein content of the cell lines studied. There were, how- | 
ever, large differences between mg protein per 10° cells of the 
various normal and transformed. cell lines. Calculation of 
ATP concentrations using protein or cell number indicated 
differences in the ATP levels of normal and transformed cells. 

PY3T3 and 3T6 cells had ATP levels similar to growing 
(precontact) Swiss 3T3 cells, but once the normal 3T3 cells 
touched and the ATP level decreased, there was a significant 
difference between the transformed and normal 3T3 cells. A 
similar trend was observed with the BALB mouse-derived 
normal and transformed cell lines. A previous report that 
growing 3T3 cells had slightly more ATP than quiescent 3T3 
cells supports our present data, because the earlier com- 
parison was made with cells that had established contact, and 
. maximal differences between growing and confluent 3T3 cells 
were observed only with precontacted 3T3 cells. 









Cell line Protein Cell density 


Table 1 ATP levels of several normal and transformed lines 










Deoxyglucose transport followed a pattern similar to “the 
ATP level in that uptake decreased after cell contact. Ex 
ments using chick fibroblasts'*, BALB 3T3 cells?*, and m 
embryo cells’? have shown that deoxyglucose transp 
inhibited at relatively low cell densities. Our experi 
using Swiss 3T3 cells, show that deoxyglucose transp 
inhibited at a density as low as 2x10? cells cm~. Ir 
cell-cell contacts are established at 10° cells cm~? The 
data suggest that inhibited cellular transport is one of t 
first biochemical parameters affected by cell contact: Th 
the increase in cellular cyclic AMP may be a critical (although 
not necessarily primary) event and might, as previously sügges- 
ted'*, serve as a cellular signal which responds to the avail- 
ability of crucial nutrients. -o 

Increasing cyclic AMP levels could result from either a 
stimulated adenylate cyclase or an inhibited phosphodie- 
sterase activity. The activity of adenylate cyclase, a plasma a 
membrane enzyme, increases (both basal and- adre r 
stimulated) as a function of 3T3 cell density, But; R 
and Pastan*® suggested that a membrane-associated 
AMP phosphodiesterase exerts a substantial effect. on ‘tt 
cellular cyclic AMP level. The biological. mechanism of the 
ATP change is unknown and any possible relationship betwe 
levels of ATP and cyclic AMP remains to be establis 

These experiments settle the controversy concerning 
role of cyclic AMP in the contact inhibition or den: 
dependency phenomenon. Otten ert al! suggested thi 
AMP mediates contact inhibition and that an increase | 
basal level of cyclic AMP of the 3T3 cell occurred a 
fluency, but earlier we could detect no change in the basal 
level of cyclic AMP as 3T3 cells grew to confluence’. This 
controversy is now resolved by our finding that 3T3-¢ 
AMP increases in response to cell contact which occurs 
density of 3x 10? cells cm~*. Little change in cyclic. AN 
level occurred at confiuency. We missed the increase in cellul 
cyclic AMP before® because the plating density of the 3T) 
cells exceeded the cell density at which the cellular cyclic 
AMP increases from its initial level. Thus, we observed only 
a constant and increased cellular cyclic AMP level over the 
density of 10* cells per cm? to 6 x 104 cells per cm?, This change . 
in the cyclic AMP level is critical in contact inhi is 
Otten et al.** and Heidrick and Ryan’ conclude 
it does not, as they suggested, directly particip i 
with cessation of 3T3 cell division as cells. become c 
We suggest that this biochemical change is a ‘prerequisite 
contact inhibition of growth - by oo oe iow : 











































(mg per 10° cells) (cells cm~?) (nmol per 10° cells) ee per. 
Swiss-derived: : | 
0.48 1.5 x 108 (precontact) | 18.0+1.8 37.5 F, 
3T3 0.48 1.5 x 104 (contact) 12.6-+1.7 26.3 re 
0.44 4.1 x 10* (confluent) 10.9 +-0.8 24.7 ei 
0.39 2.5 x 10° (precontact) 14.5+.1.3 FT ees. 
PY3T3 0.43 2.0 x 104 (contact) 14.4-+40.9 o - 33:5 
0.41 5:0 x 10? (confluent) 15.8+0.8 38.5. 
3.3 x 103 (precontact) 11.641.2 31.4 E 
3T6 0.37 +0.04 4.4 10* (contact) 12,0+0.5 32.4 
1.1 x 104 (confluent) 11.5-++0.5 31.1 
BALB-derived: 
1.4 x 10° (precontact) 11.5+-0.5 26.1 
3T3 0.44 -- 0.04 4.4 x 104 (contact) 9.9 -4-0.2 22.5 
8.3 x 10 (confluent) 8.7-+0.3 19.8 
3.0 x 103 (precontact) 4.7-+4-0.2 29.4 
SV3T3 0.16-0.02 5.5 x 104 (contact) 4.2-+40.3 26.3 
1.4 x 10° (confluent) 4.3 4+0.3 26.9 


Protein determinations were performed on monolayer cultures at various densities after washing three times with phosphate-buffered saline. 


=- The cells were then solubilised in | N NaOH and 
of Strehler and McElroy”. 


protein was measured according to Lowry ef al.. ATP levels were measured by the: method — 
Single points are the average of triplicate determinations. Variation is expressed ag + s. d. when at least six separate 
determinations were done. 





ATP (n mol per 10° cells) 





nd 
t 
SEN 


sgi 
3 
æ 
gos 
hn a. 
= 2 
Bin. D 
Bs 
© > 
ne Fatal 
Ea 
S ge 5 
va on 
5 g 
amó & 6 
ae O Q 
w’ 
Q v 
Z ~ tb 
< š 
E- “3 
5 Y 
S48 
5 
5 
© 


108 104 105 


Cell density (cells cm7* ) 


oe 
> 
=. 


Fig. 1 Cyclic AMP levels (O), ATP levels (A), and deoxy- 

glucose transport (O) were measured as described in the text. 

These data points are the averages of triplicate determinations 
derived from one experiment. 


increases at cell contact before the accumulation of 3T3 cells 
in a quiescent monolayer mechanisms. 

Siefert and Paul?! found that cyclic AMP levels did not 
vary as a function of cell density; increased cyclic AMP was 
observed after 3T3 cells stopped dividing, regardless of density. 
They attributed the increase to the depletion of a serum factor 
necessary for continued proliferation. Our measurements were 
made 24 h after cell plating and were presumably not affected 
by serum or medium depletion. It is conceivable that both 
cell contact and serum factors could affect cyclic AMP levels, 
possibly through cell transport mechanisms. 

These and other studies??? suggest that an important 
membrane-associated event in the contact inhibition or density- 
dependent inhibition of growth precedes the accumulation of 
normal cells in a confluent monolayer. Most likely, all membrane 
parameters that change as a function of normal cell contact- 
nutrient transport!*’, distribution of intramembranous par- 
ticles?2, membrane fluidity’, plasma membrane enzyme 
activity™ and cellular agglutinability**—as well as the intra- 
cellular concentrations of cyclic AMP and ATP, signify 
important cellular changes culminating in inhibited cellular 
proliferation. But, each of these changes taken alone is probably 
not sufficient to induce true density-dependent inhibition of 
growth. Future studies should describe the membrane- 
associated signal which initiates these biochemical events 
‘and clarify relationships among the cellular processes that 
result in regulated cell division. 
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a- and B-Retinyl acetate reverse 
metaplasias of vitamin A deficiency in 


hamster trachea in organ culture 

Dericiency of vitamin A causes a well-defined lesion. namely 
keratinised squamous metaplasia, in tracheobronchial epithe- 
lium!. In this lesion, the normal columnar ciliated and mucus 
cells of the epithelium, which depend on vitamin A fop their 
formation, are totally replaced by squamous cells which 
produce keratin. The mechanism of action of vitamin A in 
controlling this normal differentiation of ciliated and mucus 
cells is still unknown. We report here an i vitro system for 
studying this process, using organ culture of hamster tracheas 
in a chemically defined, serum-free medium. Growth of tracheas 
in this medium without vitamin A causes keratinised squamous 
lesions. Addition of vitamin A to the organ cultures after 
development of such lesions causes reversal of the process of 
keratinisation and replacement of ,the squamous cells by 
columnar ciliated and mucus cells. 

It has previously been noted? that cultivation of mouse 
prostate in chemically defined medium without vitamin A 
resulted in squamous metaplasia of the prostatic secretory 
epithelium and that inclusion of vitamin A in the defined 
medium completely prevented this metaplasia. The addition 
of the vitamin A antagonist, citral, to tracheal organ cultures 
has also been reported to cause squamous epithelial lesions, 
but simultaneous inclusion of vitamin A in the medium pre- 
vented their formation®. In the present study, we have used 
vitamin A acetate (B-retinyl acetate) to reverse lesions of 
vitamin A deficiency, rather than prevent their formation. 
Moreoever, we have found that the a-retinyl isomer of vitamin 
A (Fig. 1), previously believed to be an essentially inactive 
form!®, is also active (as a-retinyl acetate) in our im vitro test 
system. 

Syrian golden hamsters were maintained from birth on a 
diet deficient in vitamin, A (ref. 6) (General Biochemicals, 
Chagrin Falls, Ohio). The animals were weaned at 21 d and 
killed at 30-33 d. At this time the hamsters were still gaining 
weight and did not yet show signs of severe vitamin A de- 
ficiency; the tracheal epithelium was generally low columnar 
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Fig. I! Structures of (a) B and (b) a-retiny! acetate. The double 

bond in the 5-6 position of the cyclohexene ring of the naturally 

occurring B-isomer has been shifted to the 4-5 position in the 
a-isomer. 


or cuboidal, with patches of squamous metaplasia only rarely 
found. The animals were randomly grouped for treatment, 
and their tracheas were removed by sterile technique. Each 
trachea was opened from the larynx to the carina along the 
membranous dorsal wall and placed into a 60 x 15 mm 
culture dish containing 2 ml of medium (CMRL-1066), (ref. 7); 
with crystalline bovine insulin, 1 ug mi“; hydrocortisone 
hemisuccinate, 0.1 pg mi; glutamine, 2 mM; penicillin, 
100 units mi~; and streptomycin, 100 ug mi™, added). All 
tracheas were cultured at 37° C for 4 d in the above medium, 
which does not contain vitamin A, serum, or any added 
protein other than insulin. All cultures were gassed with 50% 
oxygen, 45% nitrogen, and 5° carbon dioxide in a sealed 
box, which was gently rocked approximately 12 times min™ 
to allow the trachea contact with both gas and medium. After 
4 -d, some tracheas were collected and the rest were cultured 
for an additional 6 d (before collection) in the above medium, 
also containing either a, no added vitamin A; b, B-all-trans-retiny! 
acetate (0.25-1.0 ug mi); or c, a-all-trans-retinyl acetate 
(0.25-1.0 ug mi~). Properties of a-retinyl acetate were as 
follows: melting point=41-42.5; by ultraviolet analysis 
Mee = 311 nm, ¢==64,900. No B-isomer was detectable in the 
a-retinyl acetate by nuclear magnetic resonance (NMR) 
analysis, which is capable of detecting as little as 0.2%% B-retiny! 
acetate impurity; details of these analyses will be published 
elsewhere. B and a-retinyl acetate were dissolved in dimethyl 
sulphoxide and added freshly to the cultures at the time of 
media change, which was done 4 times a week. The final 
concentration of dimethyl sulphoxide never exceeded 0.1%; 
an equivalent amount was added to all contro! cultures. At 
the time of collection, all tracheas were fixed in 10° buffered 
formalin and embedded in paraffin. Cross sections of 5 um 
were made through the mid-portion, stained with haematoxylin 
and eosin, and evaluated independently by two observers. 
The status of the epithelium was graded with respect to both 
the extent of squamous metaplasia and the presence or absence 
of keratin. 





















The results of over 200 tracheal cultures are shown in Tabl 
and demonstrate the progression of keratinising squa i 
metaplasia in culture, as well as its reversal on addition 
or a-retinyl acetate to the medium. After 4 d in vitro in im 
without vitamin A, 56% of cultures exhibited some squ; 
metaplasia and 52%% had produced keratin. After 10 d i 
without vitamin A, further progression resulted in 84°% 0 
cultures showing squamous metaplasia and 76° showing 
keratinisation. Addition of B or a-retinyl acetate to the 
cultures from days 4-10 effected a reversal of squamous meta- 
plasia, so that less than 25% showed squamous metaplasia. at. 
10 d. In contrast to the marked or severe squamous metaplasia —__ 
seen in 32% of the cultures on day 4 (before treatment with 
vitamin A), only 3% of the cultures had this extent of meta- — 
plasia after 6 d of treatment with B-retinyl acetate. Further, 
the keratinisation present in 52% of cultures at day 4 was 
reversed by B-retinyl acetate treatment in every case; keratinisa- - 
tion was reversed in all but two cultures treated with a-retiny : 
acetate. 

This organ culture method will facilitate the study of y vita 
A analogues for their capability to effect normal different 
of tracheobronchial epithelium. Since the assay measures 
reversal of lesions caused by the absence of vitamin 
well as inhibition of their formation, it seems that the: 
of an analogue in this assay could not be attributable sole 
to a sparing or stabilising effect that it might have o 
genous vitamin A metabolism. Such a sparing effe 
endogenous hormone metabolism has been sugges 
explain the wide range of chemical structures Which: 
insect juvenile hormone activity®”*. : 

This assay clearly demonstrates that the a-isomer of vita 
A, previously reported to be almost inactive (as the aldehyde 
or alcohol) in supporting growth in the rat, has int 
ability to maintain normal differentiation in hamster tra 
bronchial epithelium. This finding has been extended (ur 
lished results) in in vive growth studies in our laborato 
which have demonstrated the capacity of a-retinyl acetate” 
sustain growth and life if given intraperitoneally to hamsters 
that would otherwise lose weight and die on a vitamin A- 
deficient diet. The potency of the a-isomer, however, is markei - 
ly less than that of the B-isomer in the hamster growth assay. 
It has also been shown that both a-retinoic acid and a ot 
acetate have definite ability to promote growth in rats main- 
tained on vitamin A-deficient diets’. 

Our organ culture system may also prove useful to detent 
whether vitamin A and its analogues are capable of rever 
squamous metaplastic or preneoplastic lesions of tracheo 
bronchial epithelium that are induced by chemical carcino 
Addition of excess vitamin A to prostatic organ culture 
previously treated with 3-methylcholanthrene can suppress 
the hyperplastic and metaplastic response caused by this 
carcinogen in prostatic epithelium!!. It has also been shown i 
that simultaneous administration of vitamin A to hamster a 
tracheal organ cultures treated with benzofalpyrene can Bo 
inhibit the hyperplastic response caused by the carcinogen t; 
however, in this case the inhibitory effects of vitamin A may 
be caused by inhibition of activation of the carcinogen: In | a 
view of the hypothesis that human tracheobronchial epithe- 




















Table 1 Response of tracheal organ cultures to ßB-retinyl acetate or a-retiny! acetate 





Treatment Cultures with respective amounts of squamous Cultures Total 
metaplasia with keratin cultures 
(7%) (%) 

Day 1-4 Day 4-10 None Mild Marked Severe 

No vitamin A Collected day 4 44 24 17 15 52 46 
No vitamin A No vitamin A 16 32 28 24 76 62 
No vitamin A B-retinyl acetate 83 14 3 0 0 63 
No vitamin A a-retinyl acetate 76 14 8 2 3 39 


Cultures were graded as to the percentage of their total epithelium showing squamous metaplasia on 4-8 cross sections from the middle of each 
trachea; if between 1°% and 10% of the total epithelial length was squamous, it was graded as having mild squamous metaplasia; between 10- 
40% was graded as marked; and greater than 40%% was graded as severe. 
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lium undergoes a prolonged series of metaplastic and pre- 
neoplastic changes before development of bronchogenic 
squamous cell carcinoma’, it would be of definite interest to 
know whether vitamin A and its analogues are capable of 
arresting or reversing the development of these lesions in 
organ culture. 
We thank Hoffmann-La Roche for supplying a and B-retinyl 
acetate, William R. Henderson for assistance in feeding of 
special diets, Mary S. Baker for help with organ cultures in 
the early stages of these experiments, Betty J. Sanders for 
advice on histology, and Doris Overman for help with the 
manuscript. Eli Lilly and Co. and Upjohn Co. provided 
insulin and hydrocortisone. 
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Dynamics and function of vitamin A 
compounds in rat retina 
after a small bleach of rhodopsin 


THE vertebrate visual pigment, rhodopsin, is located in the 
outer segment disks of the rod photoreceptor cells, and consists 
of a chromophore, 11-cis retinal, bound to a protein, opsin. 
During light adaptation, Il-cis retinal is isomerised to the 
all-trans configuration. All-frans retinal is then reduced to 
retinol by an oxido-reductase in the rod outer segments’, and 
retinol diffuses to areas adjacent to the rod outer segments, 
where it is esterified to form retinyl esters’'*. During dark 
adaptation rhodopsin is regenerated as essentially the reverse 
processes occur; however, it is not known in what form (retinyl 
ester, retinol, retinal) the chromophoric group is re-isomerised 
to the ll-eis configuration. 

This understanding of the vertebrate visual cycle is based 
upon experiments in which high light intensities were used, and 
most or all of the rhodospin was bleached. It is not known 
whether release, reduction and esterification of the chromophore 
occur after a smaller fraction of rhodopsin is bleached. Here, 
we report that these reactions also occur when 10% of the 
rhodopsin in a dark-adapted, rat eye is bleached by a single 
light flash, and that some of the chromophore may be 
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reisomerised to the I1-cis configuration without reduction to 
retinol. 

Our technique for determining the in vivo proportions of 
vitamin A compounds consists of injecting radioactive vitamin A 
compounds into vitamin A-deficient rats, and then cochromato- 
graphing extracts of eye tissues with known marker compounds 
on thin layer chromatography plates'*; the amount of radio- 
activity which cochromatographed with each marker compound 
was taken as an indirect measure of the amount of that com- 
pound in the extract. The method was used to study the 
distributions and proportions of vitamin A compounds in the 
eye during and after adaptation to high light intensities??, 
In this study we determined the proportions of vitamin A 
compounds in rat eyes, one of which was kept in darkness, 
while the other was exposed to a light flash which bleached 
approximately 10%% of the rhodopsin present. 

One eye of a dark-adapted albino rat was exposed to a 20 ms 
flash of monochromatic light (504 nm) which had an intensity 
of 4.2 mW cm. The flash apparatus consisted of a light 
source which focused light through an interference filter onto 
an optic fibre 7 mm in diameter; the other end of the optic fibre 
was mounted in front of a piece of doubly ground glass and an 
electronically-actuated mechanical shutter. At successive 
intervals after the light flash, both eyes were removed and the 
extracts of them were cochromatographed with marker 
vitamin A compounds (Il-cis and all-trans retinal, retinol, 
retiny! ester) on silica gel thin-layer plates with a solvent of 
8 parts ethyl acetate: 92 parts hexane. The percentage of 
radioactivity in a vitamin A compound was obtained by 
dividing the amount of radioactivity which cochromatographed 
with that compound by the total amount of radioactivity 
which cochromatographed with all of the marker compounds’?. 
Subtraction of the percentage of radioactivity in a compound in 
the dark-adapted eye from the percentage of radioactivity in 
that same compound in the light-exposed eye yielded the results 
shown in Fig. I. 

By 5 to 10 min after the light flash, Il-cis retinal had 
decreased to its minimum, and rans retinal and retinol had 
increased. The 8% difference between the experimental and 
control eyes in the concentration of I1-cis retinal reflects a 
bleach of approximately 10% of the rhodopsin because I 1-cis 
retinal, present only as the chromophore of rhodopsin, com- 
prises 80°% of the vitamin A compounds in the dark-adapted 
rat eye!?. Using the measurements of Cone? for the attenuation 
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Fig. 1 Vitamin A compounds formed in the dark-adapted rat 
eye after a 20 ms flash of monochromatic light (504 nm). The 
ordinate scale is the difference between the percentage of 
radioactivity in a vitamin A compound in the flashed (expert- 
mental) eye and the percentage of radioactivity in that same 
compound in the dark-kept (control) eye. The abscissa scale is 
time after the light flash. Lines connect the mean values of 
four to six experiments: vertical lines indicate standard errors. 
Cl Retinvl ester: A. retinol: @. rans retinal; ©, 1 l-efs retinal. 
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and scattering of light by the rat cornea and lens and his 
measurements of the number of rods in the retina, we calculate 
that the rhodopsin of the entire retina should absorb 4.3 x 1013 
light quanta. We can extract approximately | nmol of 
rhodopsin (6.0 x 10 molecules) from the dark-adapted rat eye, 
and, assuming a quantum efficiency of bleaching of 0.65 
(ref. 14), we should then expect to bleach about 5°% of the 
rhodopsin by the light flash; considering the many sources of 
error in these measurements, this is in close agreement with our 
value of 10% inferred from the indirect detection technique. 

By 10 min after the flash, rrans retinal had started to 
decrease, retinol was at its peak concentration, and retiny] ester 
was increasing. As in adaptation to high light intensities, these 
results most probably reflect release of trans retinal from 
photolysed rhodopsin, reduction of retinal to retinol and 
esterification of retinol to fatty acids?-4-!2, 

During 15 to 40 min after the flash there was regeneration of 
rhodopsin, as is evident from the increase in ll-cis retinal. 
During the same time, trans retinal decreased in concentration, 
but the concentration of retinyl ester remained stable. This 
result strongly suggests that some trans retinal was re-isomerised 
to the Il-cis configuration without being reduced to retinol. 
From 40 to 120 min after the flash, retinyl ester gradually 
decreased in concentration, while 11-cis retinal continued to 
increase; by 2 h after the flash, there was no longer any 
significant difference between the eyes in the proportions of 
vitamin A compounds. As in dark adaptation following 
extensive bleaching of rhodopsin, these results probably reflect 
hydrolysis of retinyl ester, diffusion of retinol into the rod outer 
segments, oxidation to retinal and isomerisation (at some 
point) to the | 1-cis isomer*:77}2, 

In spite of the experimental variability, then, two important 
conclusions are suggested by these results: first, that release, 
reduction and esterification of the chromophore occur when 
10% of the rhodopsin is bleached; and second, that isomerisa- 
tion of the chromophore from the all-trans to the 11-cis isomer 
probably occurs as retinal. The latter conclusion is also 
supported by recent experiments with cattle retinae!® and rat 
retinae!®, 

As discussed elsewhere by one of us'*, the dynamics of 
vitamin A compounds in the eye (release, reduction and 
esterification of the chromophore and the reverse) may have 
one or some combination of three functions: (1) re-isomerisation 
of the chromophore; (2) minimising accumulation of reactive 
aldehyde groups and diffusional loss of retinol during light 
adaptation; and (3) confinement to and recycling of 
chromophore in the eye. 

The present results argue against the first possibility—that 
re-isomerisation of the chromophore must occur in the retinol 
or retinyl ester form-——since a ‘short cycle’ (release of all-trans 
retinal, re-isomerisation to the 11-cis form, and resynthesis of 
rhodopsin) seems to occur. To test the second possibility— 
that the ‘long cycle’ (reduction, esterification, hydrolysis, 
oxidation) is an overflow device which minimises accumulation 
of retinal and diffusional loss of retinol—-would require 
determining whether a 10% bleach of rhodopsin is within the 
normal operating range of rod cells, and, if not, whether the 
long cycle occurs after even smaller bleaches of rhodopsin; the 
indications that some all-trans retinal is re-isomerised to the 
l l-cis form without being reduced to retinol might suggest that 
at still lower bleaching levels of rhodopsin, no reduction to 
retinol occurs at all. The third possible function—that of 
confinement and recycling of chromophore in the eye—seems 
especially important, not only during light adaptation, but also 
during the rod renewal process. In this renewal process, the 
rod disks (including rhodopsin) are synthesised de novo at the 
base of the outer segments, displaced apically, and finally 
-= digested by the pigment epitheliums?-*°. Since the chromophore 
required for de novo synthesis of rhodopsin is not stored in the 
retina and much reach it through the pigment epithelium, the 
fraction of total vitamin A compounds in the eye which must 
be returned daily to the retina is 1/7, where n is the number of 
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days required for complete rod renewal. Considering that rod 
renewal in the rat and monkey require, respectively, 9 and 
12 d (refs 21, 22), the importance of a vitamin A transport 
mechanism is clear. 1 

The chemical properties of vitamin A compounds and the E 
locations of the enzymes mediating their interconversion seem ` 
especially well suited to such a function of confining the 
chromophore to the eye and transporting it within the eye. 
Thus, in addition to a reactive form, retinal, which forms visual 
pigment in the outer segments, there is a transport form, 
retinol, which is diffusible, penetrates cell membrances, and is 
formed in the outer segments; and there is a storage form, 
retinyl ester, which is nonreactive, nondiffusible and formed in 
areas adjacent to the outer segments. 
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Difference in the cellular cholesterol to 
phospholipid ratio in normal lymphocytes 
and lymphocytic leukaemic cells 


Fiuipity of the fatty acyl chains of phospholipids in cell mem- 
branes is required for essential cellular activities, and the degree 
of fluidity can be influenced by cholesterol. Changes in the ratio 
of cholesterol to phospholipids can, therefore, affect the internal 
viscosity and molecular motion of lipids within membranes and 
this may function as a regulator in cell behaviour'~*. Our 
Studies of the surface membrane of normal lymphocytes and 
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Table 1 Cholesterol and phospholipid content of normal lymphocytes and lymphocytic leukaemia cells 





i Total lipid Cholesterol Phospholipids Cholesterol: 
Cell type (g x 107? (mol x 107% (g x 10% {mol x 107 (g x 10 lipid ~ P 
per cell) per cell) per mg lipid) per cell) per mg lipid)* molar ratio 
Mouse lymphocytes 3.9+0.5 0.55--0.1 $4.7-42.7 2.1 +0.3 403 -33 0.26 -0.03 
= EL4 leukaemia 12.74+0.9 1.7 +0.1 31.6-+-3.4 9.9 -1.0 604 =. 77 0.17 4.0.01 





Standard deviations are given for the mean value of five or six determinations for each type of cell. Normal lymphocytes from the lymph 
nodes of 6-8-week-old animals were collected by teasing the tissue apart in a cold solution of tricine-buffered saline (pH 7.4) and allowing the 
_pieces to sediment. The cells were then washed three times with cold tricine-buffered saline. Both ascites tumours were generally inoculated 
Intraperitoneally at 10° cells per adult mouse, the cells collected 12-14 d later and washed three times in cold tricine-buffered saline. Lipids were 
‘extracted by chloroform-methanol (2:1, v/v), as described*. Stirring was continued overnight at 4° C and there was no significant increase 


“in yield of lipid phosphorous by a second extraction of the residue obtained after filtration. The chloroform—methanol extracts were washed 


‘as described with 0.1 M KCI in the upper phase. Lipid phosphorous was determined by the method of Ames” after digestion of the sample 
with an ethanolic solution of Mg (NOs. Free cholesterol was separated from cholesterol ester by column chromatography on silicic acid, 





and the two components were then assayed separately by the FeCl, method’*. The cholesterol ester was only 0.5-1% of the total lipid. 


* Assuming an average phospholipid molecular weight of 775. 


lymphocytic leukaemic cells have shown that the surface mem- 
brane of the leukaemic cells has a lower rotational mobility of 
concanavalin A binding sites®*, and a higher fluidity of the lipid 
layer", We have now found that these differences in fluidity are 
associated with a difference in the cholesterol to phospholipid 


©- ratio in these cells. 


Normal lymphocytes obtained from the lymph nodes of A 

and C57BL miceand CR/RAR rats all gave similar results. These 
cells contained 70-85%% thymus-derived cells. Normal B 
lymphocytes were obtained from the lymph nodes of C57BL 
nude mice. The lymphocytic leukaemic cells used were from 
two thymus-derived mouse ascites tumours, one from A strain 
mice (YAC) used before®~? and the second (EL4) from C57BL 
mice®, 

The cellular content of total lipids, free cholesterol and phos- 
pholipids was determined in the different cells (Table 1). The 
leukaemic cells were larger than the normal lymphocytes, and 
contained a larger amount of total lipids, cholesterol and 
phospholipids per cell. In both types of cell, however, cholesterol 
was 5-6°% of the total lipid, so that the normal lymphocytes and 
leukaemic cells had about the same amount of cholesterol per 
mg dry lipid. Phospholipids were 40-45% and 55-65% of the 
total lipids in normal and leukaemic cells, respectively, so that 
the normal lymphocytes contained less phospholipid. The pro- 
portion of phospholipids in the B lymphocytes from nude mice 
was about the same as that in the normal lymphocytes which 
contained 70-85%% thymus-derived cells. The molar ratio of 
cholesterol to phospholipids (Table 1) was therefore significantly 
smaller (P< 0.001) in the thymus-derived leukaemic cells than 
in the thymus-derived or B normal lymphocytes. 

Studies of leukaemic cells collected at different times after 
inoculation of 2.5 x 10° cells per animal have shown that cells 
with a decreased rate of cell division, 12-14 d after inoculation, 
had a similar cholesterol to phospholipid ratio to that of cells in 
the logarithmic phase of growth. The decreased cholesterol to 
phospholipid ratio that we have found in the mouse 
leukaemic cells that were larger than the normal lymphocytes, 
has also been observed with human lymphocytic leukae- 
mias where the cells were smaller than the normal 
dymphocytes*®. It is therefore unlikely that the difference 
in the ratio between normal and leukaemic cells is only due to a 
- difference in cell size. Although there is a decrease in the chol- 

-estetol to phospholipid ratio, it is interesting that cholesterol is 


z synthesised more rapidly in lymphocytic leukaemic cells than in 


normal lymphocytes!*, presumably due to a loss of the feedback 
-control that has been found with hepatomas**. 

Our results indicate that the higher fluidity of the lipids in the 
= surface membrane after malignant transformation of normal 
< lymphocytes*? is associated with a decrease in the molar ratio 


l -of cholesterol to phospholipids, and not with a significant 


; = decrease in the amount of cholesterol per mg lipid. The larger 
“cholesterol to phospholipid ratio in the normal lymphocytes can 


explain the lower fluidity of their surface membrane lipids. We 
suggest that differences in this ratio may be involved in the 
regulation of growth and differentiation in normal and malignant 
cells. 
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Quantum conductance changes in lipid 
bilayer membranes associated with 
incorporation of acetylcholine receptors 


CONSIDERABLE attention has focused on the isolation and 
characterisation of the nicotinic acetylcholine (ACh) receptor 
from electroplax'~*. This receptor is identified by its ability 
to bind cholinergic ligands, and its molecular weight and 
amino acid content have been estimated’. Similar extraction 
procedures have also bgen applied to nicotinic receptors 
from mammalian brain’ but it is not known whether the 
coupling of ACh to the receptor results in the opening of 
transmembrane channels, the activation of ionic carrier 
mechanisms or some other mechanism that modifies mem- 
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brane permeability. Little is known about the ionic 
permeability changes associated with the function of the 
single receptor. It has been reported’ that crude acetyl- 
cholinesterase (AChE) preparations from electroplax contain 
material capable of inducing transient membrane perme- 
ability changes in lipid bilayers in response to ACh or 
carbachol, but the relationship to ACh receptor function 
is unclear. 

We wish to report discrete changes of conductance after 
the incorporation of an ACh receptor preparation into 
artificial lipids bilayers. These events were related to a 
unit conductance that is probably associated with some 
fundamental function of the receptor. _ 

Receptors were extracted by modification of published 
affinity chromatography techniques that make use of the 
curaric properties of * neurotoxins from  elapid snake 
venoms". Naja melanoleuca d-toxin (10 mg) was attached 
to 15 ml of Agarose A-15 (Biorad) beads by the cyanogen 
bromide reaction’~'' and a typical receptor extraction then 
. proceeded as follows. Twenty-five whole mouse brains were 
homogenised in 10 volumes of 0.05 M sodium phosphate 
buffer, pH 7.4, containing 0.1% Triton X-100 detergent. 
The particulate matter was removed by centrifugation at 
10,000 for 30 min and the supernatan was passed 
through the toxin-Agarose gel. The gel was then washed 
with the same buffer-detergent solution plus 1 M NaCl to 
disassociate material bound by nonspecific ionic inter- 
actions, followed by receptor elution with a.0.0 to 0.5 M 
carbachol gradient in buffer-detergent. Protein determina- 
tions’ indicated the possible presence of two protein peaks 
following exhaustive dialysis aganist 0.05 M phosphate 
buffer. 

The ability of the original fractions from peak 1 (con- 
taining about 0.2 M carbachol from the gradient) to affect 
ionic: permeability were examined in lipid bilayers as des- 
cribed earlier’’. This involved a dilution of the original 
fractions by 400:1 to at most 25 ng ml~’ of total protein and 
5x 10°! M of carbachol in 100 mM NaCl on one side (cis) 
of the bilayer. The other side (trans) contained 1 M NaCl 
and the gradient thus formed allowed both sodium and 
chloride conductances to be estimated separately, depend- 
ing on the polarity of the voltage clamp across the 
membrane. The chamber was made of a fluorochlorocarbon 
material (Kel-F) and contained a 1.4-mm hole over which 
the bilayer was spread. A Keithley 427 current amplifier 
was used to amplify the current changes sufficiently for 
detection on a strip-chart recorder. Clamp was maintained 
at + or —80 mV. 
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Fig. 1 Initial increase in chloride conductance after addi- 

. tion of receptor to cis side of bilayer, The final concentration 

of total protein was at most 25 ng ml~' with about 
5 x 10-* M carbachol. 















quanta became prominent (Fig. 2a- (cr 


did not affect our bilayer system at the concentrations 


Fig. 2 The same receptor preparation as in Fig. I except 
that 2.5 x 10-* M of tubocurare was added to the cis side 
of the bilayer. The scale is at 10 times higher resolution with — 
(a) the chloride conductance and (b) the sodium conductance, 


Under these conditions, two sizes of conductance 
changes were electronically detected with step increases of 
2.4x 10-7" mho (Cl~) and 1.5107" mho (Na*) for large 
quanta and 5.9x 10-7"? mho (Cl~) and 3.7x 107" mho {Na’y: 
for small quanta. The initial conductance. increase was 
monotonic and the chloride - conductance — ee is 
shown in Fig. 1. n 
concentrations (2.5 x 10™ 8 
occurrence of large quanta a about 30: 1 aad the’ st 
yand b ¢ 
A similar effect seemed to occur with addition of similar 
concentrations of atropine, although the nature | of the 
studies made quantitation difficult. rig 

When the carbachol was removed by dialysis of the 
receptor preparation against phosphate-detergent solution; 
the rate of occurrence of large quanta appeared to. be 
reduced relative to the occurrence of small. quanta. 
When the receptor was dialysed against phosphate alone, 
however, activity ceased, indicating. that detergent was 
necessary to preserve the electrical properties ‘of the: . — 
molecular entity involved. In addition, if the receptor was, 
eluted by a carbachol gradient in phosphate but in the 
absence of detergent, no electrical activity was detected 
when the preparation was incorporated into the bilayer. 
This occurred in spite of the detection of similar elution 
peaks. We had previously found that Triton X-100 alone- 








used. Gel electrophoresis demonstrated the presence of: 
one primary protein peak, although the possibility that the 
electrical activity is caused by another protein component 
cannot be excluded. Peak 2 showed qualitatively similar 
electrical acivity. 

The ionic selectivities of the large and small quanta and 
their relative size suggests that the large quanta represent 
an aggregate of four of the small quanta. This might be 
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> Fig. 3 Conductance changes (Cl-) for two runs after the 

receptor had been dialysed against 0.05 M phosphate buffer, 

“pH 7.4, containing 0.1% Triton X-100 for 72 h with six 
changes of dialysate. 


related to theories that the receptor can exist as a 
tetramer", We note that the electrical activity observed 
>o i consistent with the theory that Ach-mediated membrane 
. permeability changes might occur by ionic channel gating. 
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st-antagonist effects on 
Is and spinal interneurones 
> doses of morphine change the levels’? and 


= release* d of acetylcholine. ftom the central nervous system. 
a a single neurone level, however, little is known of the 
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effects of morphine on cholinergic transmission. On the 
only central neurones known to receive cholinergic endings, 
the Renshaw cells’, morphine administered electrophoreti- 
cally from micropipettes has been shown to modify cell 
activity in several ways: to reduce the depressant action of 
glycine“, to increase the latency of action potentials evoked 
by a ventral root stimulus’ and to excite’. 

To assess the relevance of these effects to the opiate 
syndrome", we performed experiments with naloxone, a 
narcotic antagonist essentially devoid of agonist activity’. 
As a further test of specificity of effects observed with 
morphine, three morphinans were also studied: levorphanol, 
an active opiate; dextrorphan, an isomer devoid of narcotic 
activity; and levallorphan, a narcotic antagonist. The results 
indicate that excitation at nicotinic receptors for acetylcho- 
line may be of relevance to the opiate syndrome. 

Experiments were performed on 23 cats anaesthetised 
with pentobarbitone sodium. The spinal cord was prepared 
for stimulation and recording using conventional techniques”. 
Renshaw cells were located by the responses to stimulation 
of ventral roots. Extracellular recordings were obtained with 
the centre barrels of seven barrel micropipettes and the 
outer barrels contained the drugs to be ejected electro- 
phoretically. These were: morphine SO; (70 mM), naloxone 
HCI (0.1 M), levorphanol tartrate (0.1 M and 50 mM in 
100 mM NaCl), dextrorphan tartrate (0.1 M), levallorphan 
tartrate (0.1 M), acetylcholine Br (0.5 M), L-glutamate Na 
(0.5 M), L-aspartate Na (0.5 M), pL-homocysteate Na 
(0.2 M), glycine (0.5 M pH 3), y-aminobutyric acid (0.5 M 
pH 3), atropine SO; (10 mM in 165 mM NaCl), dihydro-B- 
erythroidine HBr (10 mM in 165 mM NaCl, nicotine HCl 
(0.2 M), acetyl-B-methylcholine Cl (0.5 M). 

Morphine (30-80 nA) excited 42 of 55 Renshaw cells 
tested. This effect was readily demonstrated on cells excited 
by low concentrations of acetylcholine (ejecting current less 
than 10 nA) and was not necessarily accompanied by bursts 
of firing. With cells relatively insensitive to acetylcholine, 
ejection of morphine with relatively high currents was more 
likely to produce bursts of action potentials with little rise 
in mean firing rate. Whereas the ejecting current of morphine 
required to produce cell firing was approximately ten times 
that of acetylcholine, much lower currents of morphine en- 
hanced the excitant action of acetylcholine and/or an ex- 
citant amino acid. Excitation of a Renshaw cell by morphine 
acetylcholine and pi-homocysteate is shown in Fig. i. 
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Fig. 1 The effect of naloxone on excitation of a Renshaw cell by, 

a, morphine (30 nA) (=) and pi-homocysteate (30 nA) (me) 

and, b, by morphine (30 nA) (mm) and acetylcholine (7 nA) (==). 

The times of electrophoretic ejection of compounds are marked 
by horizontal bars above each record of cell firing. 
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Excitation by morphine was antagonised by naloxone. 
Ejecting currents of naloxone (10-30 nA) adequate to 
block the effects of morphine were usually without effect 
on cell firing but higher concentrations sometimes produced 
bursts of firing. Excitation by acetylcholine but not that by 
an amino acid was also reduced by naloxone. Figure | 
illustrates the differentiation between these two types of 
receptor by naloxone, Naloxone also reduced the excitant 
effect of nicotine but not that of acetyl-B-methylcholine on 
Renshaw cells, indicating a probable action at nicotinic re- 
ceptors on these neurones. Dihydro-f-erythroidine (1-5 nA) 
readily reduced the action of acetylcholine on Renshaw cells 
and also reduced excitation by morphine. Atropine was a 
relatively poor antagonist of excitation of Renshaw cells by 
acetylcholine but again the action of morphine was also 
reduced in parallel with acetylcholine. 

The other effects of morphine on Renshaw cells were 
not antagonised by naloxone. Naloxone acted like morphine 
in prolonging the latency of the initial action potentials of 
Renshaw cells in response to a ventral root stimulus but 
was without effect on the depressant action of glycine and 
GABA and did not modify the antagonism of glycine by 
morphine. 

Morphine (5-100 nA) did not excite a sample of spinal 
interneurones located by firing in response to stimulation 
of peripheral nerves. Morphine (17 of 25 cells) and naloxone 
(10 of 12 cells) were depressants of these neurones and no 
antagonism of the action of morphine by naloxone was 
observed. This action of morphine has been previously 
reported but the lack of antagonism by naloxone casts 
doubt on its relevance to the effects of systematically ad- 
ministered morphine. 

All three morphinans tested reduced the sensitivity both 
to acetylcholine and an amino acid excitant of a proportion 
of Renshaw cells, an effect accompanied by a reduction in 
action potential amplitude. This was the only effect observed 
with dextrorphan (eight cells) and levallorphan (five cells) 
but with levorphanol, the active opiate, excitation was 
observed with five of twelve Renshaw cells. The reduction 
of effectiveness of all excitants is possibly a local anaesthetic 
effect? as these compounds are known to block conduction 
in squid axon” and are more potent than morphine in this 
respect. 

Concentration attained when drugs are administered micro- 
electrophoretically are unknown and therefore the relevance 
of effects observed with this method to those occurring after 
systemic administration can be difficult to assess. Never- 
theless, as excitation by morphine at nicotinic receptors for 
acetylcholine was the only action of this alkaloid anta- 
gonised by naloxone the effect warrants further investigation. 
Studies of the distribution of opiate receptors in the brain 
of the rat based on the displacement of bound naloxone by 
active and inactive morphine-like compounds have found 
good correlation with the distribution of acetylcholine™. 
In this species electrophoretically administered morphine 
excited one half of the brain stem neurones sampled“ but no 
correlation with the effects of acetylcholine, noradrenaline 
or 5-hydroxytryptamine was observed. 

Our experiments are being extended to cholinoceptive 
cells in other regions of the central nervous system of the 
cat. 
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Lithium and the monoamine 
neurotransmitters in the rat hippocampus 


ALTHOUGH the psychoactive properties and therapeutic value. 
of lithium have long been recognised’, relatively little is 
known about its mode of action in the central nervous 
system’. This is partly due to the lack of a complete under- 
standing of the biological basis of mental disorders and to 
the variety of biological functions that can be affected by 
lithium. | 

The putative monoamine neurotransmitters, noradrenaline, 
dopamine and serotonin have been implicated in such 
functions, and indeed lithium influences their metabolism in 
the braint. The precise distribution of monoamine- 
containing cell bodies, fibres and synaptic terminals has been 
well documented for several targets within the brain. 
Recently, the monosynaptic pathway between the 
catecholamine-containing pontine nucleus locus coaruleus. 
(LC) and the hippocampus was studied physiologically and. 
pharmacologically*’. In this pathway ‘the iontophoretic. 
application of noradrenaline supresses spontaneous dis- 
charges of hippocampal pyramidal cells® as does stimulation 
of the LC (ref. 7). These noradrenergic synapses in the. 
hippocampus thus provide an ideal test system for the search’ 
for the mechanisms of psychoactive drugs in the nervous. 
system. I describe here an attempt to elucidate a possible 





mode of action of lithium in the hippocampus. This was 


doné by searching for possible interactions between the 
effects of iontophoretically applied lithium and several 
putative neurotransmitters as well as the electrical stimula- = 
tion of the LC, on firing rates of hippocampal pyramidal _ 
cells. 

I used male Zivic Miller rats (150-200 g) anaesthetised = 
with halothane. Methods of recording and drug iontophoresis. = 
have been described elsewhere*. Briefly, spike discharges 
were recorded through the central barrel of a five-barrel 
micropipette. Three of the outer barrels contained lithium 
chloride (Lit, 0.1-0.2 M). acetylcholine chloride (ACh, 
Merck, 2.5 M); L-noradrenaline-HCI (Aldrich, 1 M); 


serotonin creatinine sulphate (Aldrich, 0.5 M) and y- E 


aminobutyric acid (GABA, Aldrich, 1 M). Each compound 
was ejected as cations, and retained wifh a negative holding 
current. The fourth outer barrel was filled with 3 M NaCl 
and ejected a continuous balancing current’. Stimulating 
electrodes were placed in the LC as described previously’. 

The activity of thirty-five cells in the pyramidal cell layer 
of the dorsal hippocampus avas monitored in eight rats. 
When applied iontophoretically (with a current range of 










100 nA) Liv did not have a consistent direct effect on 
ing of hippocampal cells. Only three of the cells tested 
vere slightly excited (120-140% of pre‘rug rate) and two 
were slightly slowed (Fig. la), whereas the firing patterns or 
-spike sizes of thirty other cells were not affected. Noradrena- 
line had a consistent and long lasting inhibitory action on 
“spontaneous and Ach-enhanced hippocampal activity’. All 
fifteen cells tested were inhibited during application of nora- 
drenaline (current range 50-100 nA applied in pulses of 
<15 s). In seven of the cells inhibition was reversibly anta- 
gonised during the concurrent application of Li (Fig. 1b). 
In five more cases Lit (in 1.0 M concentration within the 
pipette) antagonised the cellular response to noradrenaline 
but no complete recovery was demonstrated even 10-30 
min after application of Li’. Only three cells were un- 
affected by Li‘. 

The interaction between Lit and serotonin was tested in 
seven cells. Like noradrenaline, it was inhibitory with 
respect to spontaneous hippocampal cellular activity. Con- 
-current application of Li‘ for 2-3 min reversibly antagonised 
the inhibitory responses of three cells to serotonin. Four 
other cells were unaffected (Fig. la). 
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Fig. 1 Interactions between iontophoretic application of 
Li*, several putative neurotransmitters and LC stimulation. 
Hippocampal cellular activity in the pyramidal layer 
was integrated over l- intervals and recorded on an 
ink recorder. a, The effects of Lit on the responses to sero- 
tonin applied with an injection current of 60 nA at fixed 
regular intervals (bars). The concurrent application of Lit 
(with current of 100 nA), for 2-3 min caused a slowing of 
the spontaneous firing, but also blocked the response to 
serotonin, This response was reinstated 1-2 min after ter- 
mination of Lit current. b, Same as in (a), with a different 
cell, Lit antagonised the response to noradrenaline with no 
noticeable effect on spontaneous activity. c, Lit effects tested 
against the iontophoretic application of GABA and stimula- 
tion of LC. Stimulation parameters: pulses of 0.1 ms, 
0.4 nA, applied through a concentric stimulating electrode 
ata rate of 10 per s for 5 s. Lit had no effect on the res- 
ponse to GABA but there was an antagonism of the response 
to LC stimulation. Note the difference in time scale between 
(a), (b) and (c). 


Among the other compounds tested, GABA exerted the 
most potent inhibitory action towards hippocampal activity 
and its effect was pronounced even with small ejection 
current (0-5 nA). But none of the responses of fifteen cells 
tested was affected by the iontophoretic application of Lit 
in the current ranges that proved to be effective for 
antagonism of the responses to noradrenaline and serotonin 

(Fig. le). Similarly, acetylcholine, a putative neurotransmitter 
-in the hippocampus had an excitatory action which was not 
- modified by the iontophoresis of Li’. The absence of inter- 
-action was noted in a number of cells, although no systematic 

. tests were made. 

_ Finally, electrical stimulation of the LC, the source of 
hippocampal noradrenergic fibres and terminals produce 
- noradrenaline-like inhibition’ (Fig. 1c). In five out of six cells 
- tested, LC stimulation was at least partially antagonised by 
<- concurrent iontophoretic application of Li’. This antagonism 
_ did not result, however, in a complete elimination of the 

response to LC stimulation. Since at least some of the 
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noradrenergic terminals on the recorded cell are probably 
remote from the pipette tip and may not be affected by the 
Lit ejected, a complete antagonism could be difficult to 
achieve. 

Under the conditions of these iontophoretic experiments, 
there was a built-in control for defining the specificity of the 
effects of Lit. When Li’ or the other compounds were not 
being ejected, they were retained in the pipettes with a 
continuous negative current. To neutralise the continuous 
retaining currents at the pipette tip between and during drug 
ejection, positive current, that is, Na’ ions, was continuously 
ejected from the balance barrel. Therefore, in all cases, the 
effects of Lit were actually tested against the effects of Na’. 

Lithium can exert its antagonistic action by changing the 
ionic balance in the regorded cell environment. Although 
this is considered to be a possible effect of Li* in living 
tissue”'’, it is not likely to be the cause for the specific effect 
demonstrated here since spontaneous firing as well as 
GABA- induced inhibition were not modified in the recorded 
hippocampal cells. A more likely alternative mechanism for 
modification by Lit is the cyclic AMP system. It has been 
postulated that cyclic AMP mediates the electrophysio- 


logical response to noradrenaline in the rat cerebellum” 


and there is some evidence for such a case in rat hippo- 
campus, where the phosphodiesterase inhibitor, papaverine, 
potentiates the response of hippocampal cells to noradrena- 
line applied iontophoretically, and prostaglandinn E, anta- 
gonises this response". Lithium has also been found to block 
noradrenaline-induced formation of cyclic AMP in rat 
cortical slices’? with relatively low concentrations, and this, 
together with the data reported here supports the hypothesis 
that cyclic AMP mediates monoamine response in the rat 
hippocampus. 

Although my data are compatible with the view that Li 
could block the noradrenaline receptor through an action on 
cyclic AMP synthesis, earlier alternative assumptions of Lit 
action based on such findings as increased uptake of nor- 
adrenaline by brain synaptosomes”, decrease in the release 
of noradrenaline and serotonin from brain slices”, cannot 
be eliminated. The iontophoretic mode of application, in 
spite of its many advantages, tests actually the acute effects 
of Lit which might be different from the effects of a chronic 
Lit treatment. Further electrophysiological study of Lit 
actions in a chronically treated preparation are required to 
clarify these possibilities. 

I thank Drs F. E. Bloom and G. R. Siggins for comments 
on the manuscript. ; 
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Suppression of phage nonsense and 
temperature-sensitive mutants by an suA 
mutant E. coli 


Beckwitu and Scaife? showed that the suppressor allele suA 
of Escherichia coli does not suppress nonsense codons in the 
lactose operon, but does relieve the polarity effect of UAG, 
UAA and possibly frameshift mutations. It is shown here that 
suA E. coli strongly suppresses phage T4 amber mutations and 
weakly suppresses phage T4 temperature-sensitive and amber 





Table 1 Suppression of T4 amber mutants by the swA allele, expressed 
in burst size 





CR63* suA* su} E. coli Bt 
Catalytic functions 
amNG83 (30) 4 JI 0.01 0.003 
amE 1017 (30) 70 131 0.03 0.008 
amNG352 (42) 21 20 0.06 0.04 
amE93 (42) 32 22 0.0 0.01 
amB22 (43) 86 339 0.01 0.02 
am4301 (43) 83 189 0.06 0.01 
amB3 (46) 14 112 0.1 0.01 
amNG371 (46) 55 263 0.7 0.08 
amNG 106 (47) 77 256 0.2 0.06 
Stoichiometric functions 

amN 50 (20) 108 5 0.0 0.005 
amB\7 (23) 62 102 0.06 0.01 
amB272 (23) 51 i8 0.15 0.01 
amN6§ (24) 66 2 0.0 0.01 
amB26 (24) 79 4 0.06 0.01 
amA453 (32) 56 25 0.03 0.06 
amE} (36) 10 7 0.03 0.01 
amC 15 (36) 63 5 0.06 0.03 
amN 52 (37) 61 152 0.01 0.06 
amB280 (37) 37 l 0.5 0.08 
T4D 143 265 47 226 


i be icc EENE EA LEE E E OAR NE AEA 
Phage infections were carried out at 26.6° C. After each amber 
mutant designation the gene in which the mutant is defective is 
indicated in parentheses. 

* Average of two experiments. 

t Average of three experiments. 


25.6°C 28.0°C 30.0°C 
Catalytic functions 
SLSR (43) sud 200 -336 
tsL88 (43) su” 226 
tsL91 (43) sud 43 129 107 
tsL91 (43) 3u” 126 | 
tsL109 (46) sud 227 335 436 
tsL109 (46) su” 199 
tsBiO (47) sud 192 419 488 
tsB1O (47) suo 79 
ts452 (47) suA 258 390 470 
tsA52 (47) su” 190 
Stoichiometric functions 
tsL65 (23) sud 147 567 
tsL65 (23) suo 177 
tsN29 (24) sud 178 435 514 
tsN29 (24) suo 184 
tsA4 (37) suA 198 301 887 
ts44 (37) sua 54 
tsA31 (37) sua 192 284 367 
tsA3l (37) su” 117 
T4D suA 15i 185 380 
T4D Su” 287 


































mutations. Suppression of the inhibitory effect of chi 
phenicol on phage T4 growth by swd was also show: 
addition, amber mutants of phage T7 were observed: 
suppressed by suA, These results suggest that swA in ad 
to suppressing polarity in E. coli also increases tra 
ambiguity in T4 and T7-infected cells, especially for th 
codon. 
All phage T4 strains used in this study as well as £. dolis 
CR63 (su-1+ UAG), E. coli B (su~) and E. coli BB (containing 
an amber suppressor, as described by Wilson and Kells*) were 
from the California Institute of Technology stock collection, 
under the case of W. Wood. E. coli CAJ68 (containing a UGA 7 
umber suppressor) was provided by D. Mount, University of 
Arizona. Æ. coli suA XA7007, F~, A (Lac-Pro), Mal, By, 
Str', AX and E. coli su~ Sy106 were a gift from W. Summers, 
Yale University and were the strains used in all burst size deter- _ 
minations. Sy106 is an isolate of the original strain from which 
XA7007 was derived and has the same genetic markers. 
presence of the identifying markers in £. coli sad XA700 
su~ Sy106 were confirmed here. A related su~ strain, 4 
~ XA7014, was obtained from J. Beckwith. The phage 
nee used were originally from the laboratory of W.. 
and were supplied by T. North at the University of Arizon 
The suppression of phage amber mutants (Table 1 | 
compared by burst size measurement in four E. col 
(CR63, suwA, su~ and-B). Unadsorbed phage, measu 
chloroform-treated aliquot taken before the end of the ec! 
period, were subtracted when they constituted more than 5 
the final phage yield. Clearly swA is comparable with CR6 j 
the efficiency of its suppression of amber mutants whereas si 
is about as inefficient as B. In general, amber mutants defecti 
in catalytic functions showed greater burst sizes on suppr 
by suA than those defective in stoichiometric function 
When further tested on plates, the efficiency of suppressio 
suA of most of the amber mutants was high enough toa 
these mutants to form plaques. When either the sus! 
obtained from Summers (Sy106) or the su~ strain. obta 
from Beckwith (XA7014) was used as an indicator, no plaque 
were formed. 2 





yee 


34.0°C 38.0°C* 39.6°C 41.5°C 42.0°C 
407 93 55 14 7. 
370 36 29 0.02 0.087 
65 25 6l 27 rate 
179 26 8.4 0.5 0.506 
305 119 46 6.0 Ll 
378 21 8.1 0.5 0.622 
326 101 4.2 4.0 53... 
16 2 0.8 0.1 0.531 
385 90 26 5.0 6.6 = 
181 8g 4.0 0.3 0.436 
388 51 1.7 0.04 1.0 
477 50 6.6 0.005 0.001 
438 3.1 0.09 0.04 0.8 
297 1.2 gore 0.002 0.002 
534 131 142 158 24 

235 35 27 18 34 

335 98 126 125 37 

123 43 61 31 56 

262 138 160 389 121 

351 125 125 108 144 


After each ts mutant designation the gene in which the mutant is defective is indicated, as well as the Æ. coli host infected (either suA or su”). 


*Average of two experiments. 
+Average of three experiments. 
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stoichiometric functions by suA at higher temperatures, it is 
less striking. 

The suppression of the phage umber mutants by CAJ68, suA 
and sué~ is shown in Table 3. SuA seems to be a significantly 
more effective host in supporting growth of umber mutants than 
su~, but not nearly as effective as CAJ68, which contains a 
specific umber suppressor. This low efficiency of suppression 
by suA of umber mutants is similar to the low efficiency of 
suppression of fs mutants reported above and in contrast to the 
high efficiency found for amber mutants. 





Table 3 Suppression of T4 umber (um) mutants by the sw allele, 
expressed in burst size 





Fe ny 


CAJ68* suAt su`t 
Catalytic functions 
umC 166 (56) 265 2.1 0.0 
umC123 (47) 39] 6.5 0.1 
umC 102 (42) 131 0.1 0.0 
Stoichiometric functions 

umC23 (37) 296 0.7 0.05 
win lOS (34) 361 3.0 0.0 
T4D 245 337 308 





_ Phage infections were carried out at 26.6° C. After each umber 
=- mutant designation the gene in which the mutant is defective is 
indicated in parentheses. 

_ * Average of two experiments. 

t Average of three experiments. 


The burst sizes of phage T7 amber mutants in three E. coli 
strains (BB, suA and su~) are compared in Table 4. E. coli sud 
is comparable with E. coli BB (which contains an amber 
suppressor) in the efficiency of its suppression of T7 amber 
mutants. In contrast, growth of T7 on £. coli su” is at least an 
order of magnitude less efficient. Where E. coli su~ was used 
as a plating indicator, no plaques were obtained. When E. coli 
BB or suA was used as a plating indicator, large distinct plaques 
were formed. E. coli suA thus seems to suppress T7 and T4 
amber mutants with about the same efficiency. 

In the experiments described in Table 5, chloramphenicol was 
added 1.5 min after infection. At 11.5 min after infection it 
was diluted out so that phage growth could proceed. Recovery 
from the chloramphenicol effect was then measured in terms of 
burst size after completion of the infectious cycle. As Table 5 
shows, burst sizes after chloramphenicol treatment were only 
22-27 %, of normal in E. coli CR63, S/6, and su~. However in 
E. coli suA the burst size after chloramphenicol treatment was 
70% of normal. 

a a ll 


Table 4 Suppression of T7 amber mutants by the suA allele, expressed 
in burst size 





E. coli BB* SHAT suct 
amg (5) 14] 178 15% 
am29 (3) 137 124 i Zor 
T7 wild type 142 80 98 


Phage infections were carried out at 30° C. After each amber 
mutant designation the gene in which the mutant is defective is 
indicated in parentheses. 

* Average of three experiments. 

t Average of two experiments. 

t These apparent burst sizes are probably due to unadsorbed phage. 


The results presented here indicate that the E. coli suA mutant 
suppresses amber mutations of phages T4 and T7, ts and umber 
mutations of phage T4, as well as the chloramphenicol-induced 
inhibition of phage T4 growth. The most plausible explanation 
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for the suppression of such varied blocks to growth is that the 
suA mutation of E. coli, when present in phage T4 and T7- 
infected cells, increases the level of translational ambiguity. In 
its ability to suppress various different mutations, the swA allele 
seems similar to ram, the ribosomal ambiguity mutation of 
E. colt’, Jt may be that swA is also altered in a translational 
element. The product of the sud gene has been partially 
purified by Wetekam and Ehring*® and has been shown to act at 
translation even when uncoupled from transcription. 

Suppression of amber, ts and umber mutants defective in 
stoichiometric functions was usually inefficient compared with 
suppression of such mutants defective in catalytic functions 
(Tables 1, 2 and 3). Catalytically acting proteins may allow 
normal burst sizes even when present in reduced amounts 
whereas stoichiometrically acting proteins will not allow normal 
burst sizes unless present at near wild-type levels*. The burst 
sizes obtained after suppression of amber, umber and fs muta- 
tions in stoichiometric functions implies that suppression by 
suA usually restores a low level of functional gene product. 
The few stoichiometric mutants which were suppressed effi- 
ciently suggests that the level of suppression is context or gene 
specific, 

Table 4 indicates that su is an effective suppressor of phage 
T7 amber mutations, when burst size is the criterion of sup- 
pression. Summers’ using the suA strain used here (XA7007) 
observed that on infection by a phage T7 amber mutant 
defective in gene | (RNA polymerase) mRNA formation con- 
tinued beyond the amber codon, whereas in E. coli su~ it did not. 
Furthermore, he noted in the sw infection that short poly- 
peptide fragments corresponding to a defective gene | product 
were formed. This indicates that at least some of the time 
translation is terminated at the amber codon in the swA host. 
However his result does not preclude the possibility that 
occasionally synthesis is continued beyond the amber codon. 
As discussed above, under conditions where essential enzymes 
are produced at a low level, phage yield may nevertheless be 
normal because of the catalytic nature of enzyme function. 
Thus Summers’ results are compatible with our conclusion that 
suA is an effective suppressor of the amber phenotype of phage 
T7. $ 

The effect of the swA allele on suppression of the amber codon 
as observed in phage T4 and T7-infected cells was not observed 
in uninfected E. coli", although only few bacterial mutants 
were tested. Hsu and Weiss? and Sched! et a/.! have presented 
evidence that ribosomes extracted from uninfected cells are 
more active than ribosomes extracted from T4-infected cells 
in vitro when used in translating mRNA from E. coli or MS2. 
This suggests that T4 proteins alter ribosomal template speci- 
ficity. Smith and Haselkorn™ showed that proteins either 
induced or modified by phage T4 begome associated with the 
E. coli ribosomes after T4 infection. Similar proteins may be 
produced by phage T7. It may be that one or more of these 
proteins alter the ribosomes’ susceptibility to the effect of the 
host swA allele. If the swA allele acts at the level of the ribo- 
some, which is then the initially determined phenotype of the 
mutant, suppression of polarity}? might be due to an increased 
tendency of suA cell ribosomes to continue along the mRNA 
after encountering a nonsense codon so as to be available at the 
next initiating codon. The continuation of the ribosomes would 
also protect the mRNA against the degradative action of 
R Nases. 

Morse’? presented evidence that chloramphenicol induces an 


Table 5 Suppression by the suA allele of the chloramphenicol-induced inhibition of phage T4D growth, expressed in burst size 





| CR63 
T4D, no chloramphenicol 212 
T4D, with chloramphenicol 60 

Burst size as % of normal burst 22°, 





$/6 Sum suA 
170 116 130 
43 31 90 
26°. 27% 70% 


Phage infections were carried out at 30° C. To 0.5 ml of bacteria at about 2 x 10° cells ml “t, 0.5 ml of phage were added to give a 
multiplicity of infection of 13 phage per bacterium. When the infection had proceeded for 1.5 min, 100 ug of chloramphenicol in 0.1 ml 
was added. At 11.5 min after jnfection, 0.1 ml of culture was diluted 4 x 10-¢-fold and growth was allowed to occur for 2 h. At this time 
phage progeny were determined by plating on E. coli CR63 and the burst sizes calculated. All figures are the average of three experiments. 
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artificial polarity effect on distal mRNA in the £. coli tryptophan 
operon, and that this polarity effect is relieved by the suA allele. 
Table 5 indicates that su A also suppresses the effects of chloram- 
phenicol on phage growth. Thus there are somewhat parallel 


effects of sud with respect to chloramphenicol in the two . 


systems. Chloramphenicol is thought to block the transfer of 
the amino acid from aminoacyl tRNA to the growing poly- 
peptide chain'*. Since chloramphenicol affects a process taking 
place on the ribosome it is reasonable to suppose that the suA 
reversal of chloramphenicol inhibition could be due to an 
effect of su A on ribosomal function. 

Kuwano et al,“ found a greater release of mRNA fragments 
in vitro by a crude extract of su~ compared with a similar 
extract of suA. This. release was thought to be brought about 
through the action of an endonuclease which they tentatively 
designated endonuclease A and which was presumed to be 
present in su“ cells, but defective in sud cells. Although there 
is no simple way to reconcile this result with the suppression 
effects I have observed, it could be supposed that endonuclease 
A binds to ribosomes and affects the accuracy of translation. 

In conclusion, the observations reported here suggest that the 
suA allele produces an altered translational element which 
enhances mistranslation of the genetic code in phage T4 and T7- 
infected cells. The wild type form of the swA translational 
element may be necessary both for accurate translation and the 
dislodgement of the ribosome from the mRNA after reading 
a nonsense codon, 

I thank Norreen Ruth Holmes and Drs Harris and Carol 
Bernstein for helpful criticism of the manuscript. This work 
was supported by grants from the National Institute of Health 
and the US National Science Foundation. 

GEORGE E. HOLMES 
Molecular Biology Program, 
Department of Microbiology, 
Arizona Medical Center, 
University of Arizona, 
Tucson, Arizona 85724 


Received February 14; revised April 1, 1974. 
Presènt address: The Rockefeller University, New York, New York 
ale | 


! Beckwith, J., Biochim. epia Acta, 76, 162 (1963). 
2 Scaife, J., and Beckwith, J. R., Cold Spring Harbor Symp. quant. 
Biel., 31, 403 (1966). 
Wilson, J. H., and Kells, S., J. molec. Biol., 69, 39 (1972). 
p Snustad, D. P., Virology, 35, 550 (1968), 
5 Gorini, L., Nature, 234, 261 (1971). 
® Wetekam, W., and Ehring, R., Molec. gen. Genet., 124, 345 (1973). 
7 Summers, W. C., Nature new Biol., 230, 208 (1971). 
3 Morse, D. E., and Primakoff, P., Nature, 226, 28 (1970). 
* Hsu, W. T., and Weiss, S. B., Proc. natn. acad. Sci. U.S.A., 64, 
345 (1969). ° 
10 Schedi, P. D., Singer, R. E., and Conway, T. W., Biochem. biophys. 
Res. Commun., 38, 631 (1970). 
11 Smith, F. A., and Haselkorn, R., Cold Spring Harbor Symp. quant. 
Biol., 34, 91 (1969). 
!2 Morse, D., E., J. molec. Biol., 55, 113 (1971). 
13 Monro, R. E., Staehlin, T., Celma, M. L., and Vazquez, D., Cold 
Spring Harbor Symp. quant. Biol., 34, 357 (1969). 
t4 Kuwano, M., Schlessinger, D., and Morse, D. E. 
214 (1971). 


Nature, 231, 





Correlations between plasma ACTH 
concentrations and breathing 


“movements in foetal sheep 

BREATHING movements in utero are a normal accompani- 
ment of foetal life’~°. Dawes et al. reported an instance of 
reduced foetal breathing in a, sheep with spontaneously 
occurring foetal hypoxaemia. Subsequent observations have 
shown similar reductions associated with foetal hypogly- 
caemia, infection, and maternally administered hypoxaemia. 
In addition they are influenced by hypercapnia, temperature 








and time of day‘. In human pregnancy reduced: foe 
pleat ang is associated with oe hypertension 


been used as an index of foetal ealik The concentrat 
of adrenocorticotrophic hormone (ACTH) in the plasm 
foetal sheep increases during hypoxaemia, haemorrhage 
catecholamine infusion (refs 6-8 and C. T. J, K. BLEG 
Ratcliffe and J. S. R., unpublished observations) and may 
therefore reflect foetal condition. At present blood gas — 
values, pH and heart rate are used as indices of foetal | 
health in utero in animals and man. But we have observed 
a wide variation in plasma ACTH concentration and foetal — 
breathing movements in foetal sheep in utero in circum- 
stances in which blood gas values, arterial pH and heart — 
rate were in the normal range. The present report describes _ 
a close correlation between the amount of foetal breathing 7 
and the foetal plasma ACTH concentration, oe 

In 18 sheep of mixed breeds 120-145 d reant with © 
catheters previously implanted in the foetal trachea and 
carotid artery, carotid blood samples were taken: from | 
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Fig. 1 Foetal carotid plasma ACTH concentration. and : 
incidence of foetal breathing movements. Each point, repre cis 
sents the foetal plasma ACTH concentration either at the o > 
beginning or the end of the hour that the incidence of foetal. 
breathing was measured. Observations at both times were E o 
made on most animals. a 

mother and foetus and ACTH and orcos čöncéntra 
tions were measured as previously described**. Sampling* — 
took place at least 1 week after surgery, between 9000 aim. 
and 1030 a.m. The mean foetal carotid arterial pH and Por 
were respectively 7.37+0.07 (s.e.m.) and 22+0.5 mm Hg: 
and the mean foetal heart rate was 157£14 beats min™. ~- 
There was a reciprocal correlation between the incidence of 
foetal breathing movements over an hour and the foetal 
plasma ACTH concentration at the beginning and end. of se 
that period. There was no correlation with foetal blood. gas 
values, pH, plasma corticosteroid concentration or heart 
rate, The relationship observed between foetal breathing and 
plasma ACTH concentration was not directly related toi 
gestational age. f 

In the foetal sheep dissociation of the E 
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into high and low voltage activity is first seen around 120 d 
gestation. Foetal breathing movements are only seen im 
association with the low voltage activity characteristic of 
rapid eye movement sleep’. Bernhard and coworkers’ have 
suggested in the foetal sheep that the development of the 
dissociation and hence rapid eye movement sleep probably 
originates in the corpus callosum and thalamus. It is possible 
that the activity in these structures during rapid eye move- 
ment sleep may have some connection with that which 
influences the hypothalamic control of ACTH secretion. 

The inverse correlation between foetal breathing move- 
ments and ACTH concentrations is not surprising since 
both are influenced, in opposite directions, by hypoglycaemia, 
hypoxia, haemorrhage and infection (refs 4, 5, 8, 10-12; 
K. B., G. S. Dawes and J. S. R., unpublished observations). 
But none of these factors was directly responsible for the 
variation in breathing movements or plasma ACTH con- 
centration in the present series of observations. The wide 
variation in ACTH concentration observed in the foetus 
and its sensitivity to various types of stimulation such as 
hypoxaemia or catecholamine infusion®”’ is surprising in 
view of the relative insensitivity to ACTH of the foetal 
adrenal output of glucocorticoids*”. This explains the ab- 
sence of a correlation between breathing movements and 
plasma corticosteroid concentration in foetal sheep. 

- These observations indicate that the measurement of 
foetal blood gas values, arterial pH and heart rate alone 
do not fully reflect foetal condition. Other factors such as 
the incidence of foetal breathing movements and plasma 
hormone concentrations are required for the assessment of 
the physiological state of the foetus in utero. 
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Redistribution of endogenous gibberellins 
in geotropically stimulated roots 


THe difference in growth rate of the two sides of 
geotropically reacting plant organs is generally explained 
by the well documented unequal auxin concentrations in 
the two halves. The auxin ratio in horizontally placed 
stems, coleoptiles, and roots usually attains a value of about 
2:1 in favour of the lower half. | 

But, Phillips’ and Railton and Phillips’ have shown that 
the ratio of gibberellin activity in diffusates from opposite 
halves of geotropically reacting green Helianthus hypocotyls 
and etiolated Zea coleoptiles reaches values of about 9:1 
and 4:1, respectively, in favour of the lower (convex) half. 
These findings raise the question of the possible role of 
gibberellins in the geotropic reactions of these organs. 

In horizontally positioned main roots, auxin accumulat- 
ing in the lower (concave) half, presumably in supraoptimal 
concentrations, has been postulated to retard the elonga- 
tion of that half, thus bringing forth the positive geotropic 
curvature. The correctness of this view has been questioned 
for some time’, and unspecified inhibitors have been 
suggested as mediators of the differential rates of 
elongation’*. In this situation, and in view of the reports 
on asymmetrical gibberellin distribution in geotropically 
stimulated shoots, it would be interesting to determine the 
distribution of gibberellins in horizontally positioned roots. 
For this purpose the following experiments were carried 
out. 

Seeds of Vicia faba, cultivar Erfordia, were soaked for 
4 h in tap water and sown in moist vermiculite in the dark 
at 25° C. All subsequent operations took place under a 
green safelight. Aftér-4 d, 500 (or 250) seedlings having 
roots approximately 15 mm long were selected for root 
uniformity. Of these, 250 (or 125) were left upright and 
250 (or 125) were kept horizontal for 30 min. Using a 
sharp blade, each root was then split lengthwise into two 
halves. Four batches of root halves were thus obtained: 
upper and lower halves of horizontally oriented roots, and 
left and right halves of upright roots. Each batch was 
extracted at 2° to 3° C with three changes of 80% methanol 
over 36 h. The acidic fractions soluble in ethyl acetate 
were passed through a column of polyvinyl pyrrolidone 
(PVP), eluted with phosphate buffer (pH = 8.0), and trans- 
ferred in diethyl ether to small volumes of ethanol. These 
were loaded on silica gel thin layer chromatography plates, 
which had been prerun in a 98:2 (v/v) mixture of ethanol 
and acetic acid® and activated at 105° C for 1 h. The plates 
were developed with isopropanol, 25% specific gravity 0.91 
ammonia and water, 10:1:1 (v/v). The chromatograms 
were divided into 10 transverse strips each of which was 
scraped off, eluted with 2 ml distilled water, and bioassayed 
for gibberellin activity in the Lactuca hypocotyl assay”. 

As a check on the accuracy of the splitting of the roots, 
the dry weights of matching, extracted halves (250 in each 
group) were compared. They were: upright roots, left 
halves: 0.54 g, right halves: 0.56 g; horizontal roots, upper 


halves: 0.42 g; lower halves: 0.43 g. 


Our results confirm the few available reports on the 
occurrence of gibberellins or gibberellin activity in 
roots", As shown in Fig. 1, more gibberellin activity was 
found on chromatograms of extracts from the upper than 
from the lower halves of horizontally oriented roots, 
whereas the amounts of gibberellin activity detected in left 
and right halves of upright roots were nearly identical. 

By comparison with gibberellic acid (GA;) standards the 
gibberellin activities in fhe upper and lower halves of 
horizontal roots were found equivalent to 31.0 and 17.5 ng 
GAs per g dry weight of tissue, respectively, in experiment 
b (Fig. 1). In experiment c, representing a different set of 
roots, the figures were 35.0 and 9.5 ng, but the growth 
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Fig. 1 Lactuca hypocotyl bioassays of acid, ethyl acetate- 
soluble fractions of chromatographed extracts of halved a, 
upright and b and c, horizontal Vicia faba roots. Extract 
equivalent to 0.2 g dry weight of roots in a and b, and to 
0.1 g dry weight in ¢. A difference of 1.89 mm between any 
two readings is needed for statistical significance at the 
5°, level (base of the black parts). Gibberellic acid (GAs) 
at 0.001 mg I~’ equals 2.6 x 107° M. 


promotions by the extract of the lower halves were too 
small to reach statistical significance. (The GA; ratio in 
favour of the upper half was 1.8:1 in experiment b; and 
in experiment c the calculated value was 3.7:1). In 
upright roots (a) the GA; activities in opposite halves were 
equivalent to 26 and 24 ng GAs per g dry weight. 

In further experiments, to be reported in detail else- 
where, zones of the chromatograms running at the same 
Rs as GA; were eluted with ethanol, methylated’* and sub- 
jected to gas liquid chromatography. The methyl ester of 
GA; was identified at the position (retention time) of 
methylated, authentic GAs. In terms of ng per g dry weight 
of root tissue, the following quantities of GAs were re- 
corded: upper halves: 130, lower halves: 63 (ratio upper: 
lower = 2.06); right halves: 70, left halves: 74. Quali- 
tatively the distributions were thus similar to those found 
by the bioassays. 

The direction of the concentration gradient of gib- 
berellins in the horizontally positioned Vicia faba roots is 
opposite to that found in shoot tips and coleoptiles'’, The 
direction of the gradient is also opposite to that of auxin. 
Theoretically, gibberellin might thus assist in the positive 
geotropic reaction by stimulating the elongation of the 
upper half, provided that gibberellin does stimulate root 
elongation. 

Pilet”, working with intact seedlings of Lens culinaris, 
found no effect on root elongation by GA; at concentra- 
tions up to 1 #M, whereas 10 gnd 100 uM GAs; retarded 
growth. There are, however, a number of reports indicat- 
ing a stimulation by gibberellins of root elongation in some 
plants: Pseudotsuga, Lycopersicon (excised), Triticum”, 
and Carthamus”’. 











































In our own experiments (to be reported in full elsewhe! 
GA; was added to germinating Vicia faba seeds when thei 
radicles had just broken the seed coat. The root leng 
were measured after 24, 36, and 48 h. GA; was found 
be stimulatory at concentrations from 0.001 to 10 m 
(except at 1.0 mg I~’ at 24 h). At all times 100 mg t 
inhibitory. Seedlings of Lepidium sativum were transf: 
to GA; solutions on filter paper when their roots we 
about 20 mm long. The root lengths were measured after 
1, 2, 3, 4and 5 h. In the first hour, 10 and 100 mg In? were 
inhibitory, whereas lower concentrations had no significant 

effect. At 2 h there was a stimulatory trend at concentra- 
tions from 0.1 to 10 mg 1, whereas 100 mg 1”? was 
inhibitory. At 3, 4 and 5 h, all concentrations from 0.001 
to 100 mg 1> were stimulatory, the lowest concentration 
being the most effective. a 

Gibberellin may thus have a function in root geotropism, 
but since the geotropic response in roots involves a re da- 
tion of the elongation of the lower part, the actic 
inhibitor of root elongation in that part cannot be- 
missed. Although such a role has traditionally be 
assigned to auxin, several authors*~* leave open the 
of the actual functioning inhibitor. The presence in re 
of an inhibitor which is not auxin, but becomes di 
like auxin in horizontal roots, has been demonst 
this laboratory and its characteristics are being studied. 
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Batesian mimicry without distastefulness? 


Many distasteful species are conspicuously coloured’ and 
this is believed to aid their survival through the formation 
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of ‘avoidance images” by predators. It has been suggested 
that ‘an efficient escape mechanism’ either provided by a 
jumping response’, or a fast escape flight’-', could be 
as powerful as distastefulness in influencing a preda- 
tor’s strategy of prey selection, or could in some instances 
help to increase the relative frequency of an agile mimic 
of a distasteful but sluggish model. Lindroth? has made 
observations on several genera of flea-beetles (Alticinae, 
Chrysomelidae) and has found great external similarities 
between them and ground beetles of the genus Lebia 
(Carabidae), the larva of which is an ectoparasite of the 
flea-beetle’s pupa. He suggests that the flea-beetle, which can 
escape suddenly from its exposed position on the food-plant 
by jumping, acts as a model and Lebia as a relatively 
sluggish mimic. As a parasite, Lebia is found in fewer 
numbers than the host, a situation also expected of some 
mimics in relation to their models. Neither was found to 
be distasteful to bird predators’, Thompson’ makes use 
of Lindroth’s’ hypothesis in explaining the occurrence of 
an apparently aposematic form in females of the non- 
mimetic common meadow spittlebug, Philaenus spumarius, 
which is acceptable to predators but for the possession of 
an efficient close-quarter escape mechanism. Thompson 
proposes that this mechanism accounts for aposematic 
morph P. spumarius marginella occurring at a frequency 
in the population above that maintainable through apostatic 
selection. In both cases it is proposed that a learning preda- 
tor comes to associate a particular colour pattern with 
wasted effort and spurns all forms with a similar appearance. 

This report describes a preliminary experiment to simu- 
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“ Fig. 1 Percentage of aposematic model/mimic, cryptic 
model/mimic and non-mimetic seed taken by the experi- 
mental birds during the learning period (model) and 
retention period (mimics). —--—-, Green seed; ---~, blue 

seed; —-, red seed. 


late this efficient escape and assess its effectiveness on a 
predator’s selection of prey. Bathilda ruficauda, the star 
finch, was used as the predator and the prey was white 
millet seed dyed red, blue or green with food colouring 
(1% acetic acid base). The escape mechanism was simulated 
by means of a manually-operated hinged feeding platform 
which could be lowered rapidly to remove the seed from 
the birds’ sight. The platform base was coloured with dots 
of blue and green dye, the same size as the seeds, and on 
this the red seeds appeared ‘aposematic’ and the blue and 
green seeds ‘cryptic’ to the human eye and presumably 
to the birds’. In front of the platform was a feeding 
perch and a light was turned on above to signal the pres- 
ence of seed. 

On each testing day the birds were deprived of food for 
l} to 2 h, transferred to the test cage individually (to 
prevent observation learniag™) and presented with nine 
seeds, three of each colour, individually in random order. 
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The time taken to come to the feeding perch and make 
a peck at the seed was noted, an upper hmit of 2 min 
being imposed for each seed. After this time the platform 
was dropped to remove the seed if it had not already been 
eaten. This operation was repeated three times a day for 
each bird. 

Two groups of four birds were used, one control and 
one experimental group. The controls were allowed to 
feed on all seed colours for 3 d. In the experimental group 
the green represented the ‘non-mimetic’ on which feeding 


ba 
Pou 


ao o ow o o ee a 


pa 
tat 


NO EEOSE OY OOTO =a 


Retention 


Learning 


7 non mimic ratio _ 


panan 
aes 
gee? 


Model or mimic 


tA 
ENEE A 





Fie. 2 The model-mimic/non-mimetic ratio (M/N Ratio) 
of mean feeding latency. A measure of the comparative 
advantage of the model-mimic complex over the non- 


green seed. 


was allowed throughout the experiment (days 1-16+ 23). 
The blue and red seeds acted as the ‘models’ during the 
first half of the experiment, the learning period (days 1-7), 
by being dropped out of sight as the bird attempted to 
feed. During the second half of the experiment, the reten- 
tion period (days 8-16+23) the platform was not dropped 
for any seed until the end of the 2 min feeding time. The 
blue and red seeds were then being used as ‘mimics’, 

The results for the control group show that there was no 
colour preference in terms of mean feeding latency 
(Kruskal-Wallis one-way analysis of variance by ranks”. 
H=0.54, P=0.104). The experimental group on day 1 
also showed no colour preference (Fig. 1). During the 
learning period, discrimination took place between the 
non-mimetic (green) seed and the model (blue or red) 
seeds in terms of latency to feed? The aposematic (red 
seed) showed the greatest initial advantage over the 
non-mimetic (green seed), by being avoided before the 
cryptic model, and more often overall (¥'=38.12, d.f.= 
2, P<0.001), though the blue model also showed an ad- 
vantage over the non-mimetic (green seed) (7?=264, 
d.f.=2, P<0.001) (Fig. 1). 

The use of daily mimetic advantage measurements (model 
or mimic/non-mimetic, feeding latency ratio) shows more 
clearly the relative advantage of the two model/mimics 
(Fig. 2); the aposematic model reaching the higher level 
on day 6. The figure also shows that the relative advantage 
of red over blue at first increases (up to day 5), then 
decreases to equality by day 7, the last day of the learning 
period: from day 11, the fourth day of the retention period, 
the aposematic mimic shows an advantage over the cryptic 
mimic. The existence of a mimetic advantage was also 
apparent when individuals were analysed separately 
(Table 1). . 

It was also noted that as the latency before taking a 
model /mimic seed increased so did the amount of activity 
unrelated to feeding, including flying around, moving along 
the perch and preening. A similar type of behaviour was 
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also exhibited by birds in an experiment on simulated 
distasteful Batesian mimicry” and is probably indicative 
of a conflict of behavioural tendencies in the animal. This 
slowing down of attack would give a real mimic more 
time to escape. Behaviour of this type was never shown 
towards the non-mimetic (green) seed by the experimental 
group, nor to any colour of seed by the control group. 

The formation of an avoidance image? by the birds was 
due to the simulated escape mechanism and not to some 
feature of the apparatus, as the control group fed readily 
on all seeds from it and the experimental group went 
for the green seed without hesitation throughout the 
experiment. Avoidance image formation was therefore 
through ‘frustration learning’ which can be as effective as 
pain learning", the mechanism operative in discriminating 
distasteful from palatable prey. It would seem then, that 
‘an efficient escape mechanism’ as observed by Lindroth’ 
could be as powerful as distastefulness in qualifying its 
possessor as a model for Batesian mimicry. Further obser- 
vations in the field may show the phenomenon to be less 
rare than is now supposed. 





Table 1 Model- mimic/non- -mimetic ratio for each bird during the 
learning period, retention period and both periods combined 


Learning Retention Both periods combined 
(model/mimic 
complex) 

Bird BIG R/G B/G R/G B/G R/G 
B 2.7 4.1 40 78 3.5 6.0 
M 6.8 10.7 4.0 4.5 5.5 7.8 
WR 3.6 5.8 4.8 4.9 4.2 5.4 
WL 2.9 3.5 2.1 2.8 2.4 3.3 
All 3.1 4.7 3.8 5.7 3.3 5.0 


anmam 
B, Blue seed, (crytic model/mimic); G, green seed, (non- mimetic); 
R, red seed, (aposematic model/mimic). 


These findings also have implications for the phenomenon 
of balanced polymorphism in a prey population with 
aposematic morphs. Birds feed in a frequency dependent 
manner, the more common the prey the stronger the 
searching image“ formed. The selection of apostates (non- 
mimetic polymorphs) enables a prey species to occur in 
an area at a greater density than if it were monomorphic. 
Some of these morphs may appear aposematic and will 
create a searching image more readily than a cryptic morph. 
These aposematic forms, if in a species acceptable to a 
predator, will be found at a very low frequency in the 
population through apostatic selection mechanisms. P. 
spumarius marginella occurs in an area studied by Thomp- 
son? at a level above that of other aposematic morphs, 
but below that of the tryptic morphs. As all four morphs 
have the escape mechanism the only difference is that 
marginella is strikingly coloured. In the experiment re- 
ported here, learning to avoid the aposematic model was 
more rapid and this learning was retained longer than 
for the cryptic model, though they had equally efficient 
escape mechanisms. In a natural situation the escape 
mechanisms would presumably be less than 100% effective 
but, as shown by the experiment, a predator would re- 
member an encounter with the aposematic morph more 
readily than one with a cryptic morph’. If in a dimorphic 
species the aposematic form is, say, four times as easy to 
detect as the cryptic form then the strength of an avoidance 
or searching image formed would equal that formed by 
four of the cryptic form. In this simplified hypothetical 
situation with two morphs, a balanced polymorphic level 
would be reached when the cryptic morph was four times 
as common as the aposematic. If the aposematic morph 
becomes more frequent in the% population ‘the selective 
disadvantages of being conspicuous™* and predation will 
increase until the aposematic morph is reduced to the 
balanced polymorphic level again. 
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Temperature effects on 
hearing in two species of Amphisbaenia 


SEVERAL recent studies have documented diverse auditory 
responses in lizards and turtles as a function of body tempera- 
ture. Previous work was with iguanid lizards, which are 
diurnal, and can regulate body temperature by basking; and 
with the aquatic turtle Pseudemys. We have worked with 
amphisbaenians, which are highly modified burrowing repulse. 
Werner (refs 1 and 2, and personal communication) showed. 
that the ears of six species of iguanid lizards were most sensitive 
in terms of the electrical potentials of the cochlea at tempera- 
tures corresponding either to the ‘eccritic’ or to the similar: 
‘preferred’ temperature. At this optimum temperature: the 
species-specific auditory sensitivity curve is regular and has a 
characteristic zone of maximum sensitivity®. Temperature 
shifts produce fairly predictable species-specific variations. A ~ 
temperature drop impairs the sensitivity, especially. for- the 
high tones, and makes the function highly irregular, with many — 





sharp variations in frequency. A moderate rise improves the 3 


response to high tones while reducing it for low tones. A’ 
further elevation is likely to have little effect on high-tone 
sensitivity, but that to low tones is seriously impaired. In the 
region of best sensitivity the change often approaches 40 dB. 
Thus a torpid lizard is likely to have poor perception of sound, 
even though this may signal a predator or other sort of danger. 

A lesser temperature effect was found in the turtle, Pseudemys , 
scripta elegans*. For a head temperature range of 14° to 33° C 
the response to a constant tone of 330 or 630 Hz varied up 
to 4.3 dB, showing two peaks of sensitivity, respectively at 
19° and 29.5° C. According to Patterson et al, temperature 
has two effects: it acts on the energy source for the generation 
of potentials and involves either a conductive mechanism or — 
blood pressure. : 

An earlier study’ reported limited observations on a single 
specimen of the African amphisbaenid Chirindia langi. Cochlear 
potentials differed up to 18 dB in the region around 3,000 Hz 
between 24.4° and 29.4° C. 

Observations on two other species of amphisbaenians now 
demonstrate strikingly different. behaviour. The animals were 
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four Blanus cinereus cinereus (Vandelli) from the vicinity of 





<> Jerez de la Frontera, Spain, and three Diplometopon zarudnyi 


-o Nikolski: one from the vicinity of Damman, Saudi Arabia, 
< and two from the vicinity of Kuwait. Blanus cinereus is probably 


_ the most primitive living amphisbaenian, and Diplometopon 


= zarudnyi is a highly modified trogonophid. 

_. Specimens were anaesthetised with ethyl carbamate (0.012 ml 
per g body weight, 20% in physiological saline), often sup- 
plemented. The cochlear potentials were recorded with a 
needle electrode in contact with the perilymph of the saccule 
while stimulating with various tones over the range of 100 to 
10,000 Hz. Temperature was monitored by a thermal probe 
deep in the cloaca and controlled within 1° C by means of 
an electric blanket draped over the animal. For details see 
ref. 4. 





~ 7 4 S G7891 2 3 4 3 6789] 
| l i 
Í 
| 
| 
440 ae 


“& 2) 


Sound pressure (decibel) 


i108 | 1.006 


Prequenes CH} 


1G.000 


Fig. 1 Cochlear potentials of the left ear of Blanus cinereus 
(F868) taken at 25°, 31°, and 34° C in that sequence. 


Figure 1 shows sensitivity curves (sound pressure in decibels 


= relative to a pressure of 10 N m~*, required at various 


frequencies to produce a standard potential of 0.1 pV (that is, 
the lower the curve, the greater the sensitivity) for a specimen 
of Blanus cinereus at body temperatures of 25°, 31°, and 34° C. 
The curves differ, especially for the medium low and middle 
tones, but lack a clear trend as a function of temperature. 
Figure 2 shows similar observations on specimens of Diplo- 
metopon zarudnyi at four temperatures between 25° C and 
- 40° C. All curves have the same general form. 

-A second specimen of Diplometopon zarudnyi tested at 
37° C and then at 28° C yielded closely similar curves that 
cross one another several times. There was no obvious tempera- 
ture effect, despite differences of 5-8 dB at two or three fre- 
quencies. The temperature was next set at 43° C, but the animal 
became hyperactive and a further test run had to be inter- 
rupted. After a period of time at a temperature of 35° C, a 
final series of measurements indicated reduced sensitivity. 
Possibly the high temperature of 43° C impaired the cochlear 
response, 

These results reveal large differences among reptiles in the 
effects of temperature upon the response of the ear to sound. 
Blanus and Diplometopon maintain a remarkable constancy 
over a temperature range of as much as 15° C in sharp contrast 
to the lizards tested by Werner. Pseudemys and Chirindia 
evidently are intermediate. 
tis as yet impossible to identify the process or processes 
_ involved in the observed temperature effects. Werner’s ob- 
= ` servations seem definitely to exclude the sound conductive 
. pathways, and point to the cochlear processes, and probably 
_ the hair cells themselves. The temperature effect may depend 
upon the magnitude of the polarisation potential set up at 
the surface membrane of the hair cell, and reflects the metabolic 
processes and membrane permeabilities by which this polarisa- 
tion is established. Such possibilities should be tested and 
© Interspecies differences more broadly assayed. Do the responses 

“feflect such environmental parameters as the range across 
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Fig. 2 Cochlear potentials of the left ear of Diplometopon 
zarudnyi (F869) taken at temperatures of 25°, 31°, 36°, and 
40° C as indicated, 


which a species normally thermoregulates ? Can these amphis- 
baenians control the temperature of the otic capsule indepen- 
dent of general body temperature ? 

The sensitivity curves represented above show considerable 
variability tentatively attributed to the activity of middle ear 
muscles connecting to the terminal disk of the columella and 
probably affecting sound transmission to the inner ear®. Their 
activity may explain instability in the meter readings during 
presentation of a steady tone. 

Efforts in one experiment to reduce this instability by the 
use of curare (d-tubocurarine) yielded uncertain results, 
perhaps because we were overcautious in the dosage used. 
Further experiments are needed on a more readily available 
amphisbaenian. 

We thank M. Moya, J. Mandaville, A. d'A. Bellairs, and 
S. Howe who made these animals available for study. The 
work of C. G, is supported by a grant from the National 
Science Foundation, and that of E. G. W. by a grant from the 
National Institutes of Health. 
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Green cones of the piñon pine stimulate 
late summer breeding in the piñon jay 


REPRODUCTION in birds is influenced by a variety of environ- 
mental factors, usually classified as ultimate or proximate’. ; 
Ultimate factors determine efficiency of breeding, for example d 
food supply for t. e young*both before and after they become 
independent of their parents. Proximate factors, on the other 
hand, are the timers or predictors which initiate breeding at 
the appropriate time. Photoperiod is the most reliable and 
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Fig. 1 Testicular response of three adult pifion jays provided 
freely with green cones of the piñon pine. Testes were regressing 
in ten experimental birds and ten controls through June and 
July. On August | the dried piñon seeds provided to the experi- 
mental jays were replaced with green unripened cones of the 
piñon pine. In three individuals shown here (A, B, C), testis 
regression was then reversed and the gonads enlarged. The 
unhatched bar represents maximum testis volume of the ten 
control pifion jays. 


common proximate factor in those temperate zone ek 
which breed exclusively in spring when daylength is increasing’. 
Other proximate factors, such as rainfall, provide predictive 
information in many regions of the world, in that increased food 
availability follows the rains’. 

Although most birds in temperate zones breed in spring and 
early summer, a few breed at other times of the year as well, in 
autumn or even winter*. In most such cases food abundance 
has been thought to be a primary stimulator of reproductive 
activity; however, with a single exception®, experimental 
support is lacking’. I „report here field and experimental 
evidence that late sumnler-autumnal reproductive activity in 
piñon jays (Gymnorhinus cyanocephalus) of the south-western 
United States is triggered by the presence of large quantities of 
green cones of the piñon pine (Pinus edulis), which mature in 
late summer. Piñon pines in a given area produce cones and 
seeds largely in synchrony at irregular and infrequent intervals. 

Piñon jays, like most other temperate zone bird species, are 
responsive to increasing photoperiod in spring (my un- 
published work), and typically breed from late February or 


Si 
early March to June®~®. In south-western New Mexico, however, 
near the south-eastern edge of this bird’s range, climatic 
factors, and thus food availability, are unpredictable in spring 
and early summer and, as a result, breeding pattern and timing 
of the annual moult vary from year to year in a single popula- 
tion®*, It is here that late summer breeding sometimes occurs®?°, 
and it seems to be related either to abundance of green cones of 
the pifion pine or to seeds contained within the cones (Table 1). 

To test the roles of mature piñon seeds and the resinous 
green cones which contain maturing seeds, I spatially isolated 
two groups of ten adult male pifion jays in outdoor aviaries 
for 1 yr, beginning on September 1, 1971. One group received 
a nutritionally adequate diet, but with no piñon seeds or cones, 
whereas the other received the same diet, plus mature pifion 
seeds. The birds were laparotomised and their testes measured 
at monthly intervals. 

No gonadal growth occurred in either group until the vernal 
increase in photoperiod, and through most of the year gonadal 
development was similar in both groups. By summer 1972 
testes of all birds were regressing. On August 1, 1972, the ten 
jays receiving pifion seeds were instead given free access to 
intact, fresh, green piñon cones for a month. Regression of 
the testes was reversed in three birds (Fig. 1); that is, whereas 
dried pifion seeds did not prevent or delay regression of the 
testes, availability of green cones reversed gonadal regression . 
and stimulated testis growth in some of the experimental birds.. 


Gonads of the ten controls remained small (4.1-12.9 mm,  - 


mean = 7.8 mm’), as did those of the seven experimental birds 
(1.4-12.5 mm’, mean = 7.8 mm*). 

It is not surprising that most jays did not respond. The 
captive jays had neither mates nor suitable nesting sites, both 
of which are important in the attainment of reproductive 
competence in many birds". Further, in 1969, when autumnal 
breeding occurred, only about a third of the flock of about 
300 jays actually bred*. As indirectly indicated in Table 1, 
natural selection favours no autumnal breeding in most years. 
Thus one could expect polymorphism in gonadal response to 
environmental stimuli in this population of pifion jays. 

These data suggest that green piñon cones per se provide 
long term predictive information to the pifion jays; that is, the 
cones serve as proximate factors. In late summer, as a result of 
seasonal rains, other foods such as insects, are plentiful in 
every year, and it seems that pifion jays could easily provide 
for nestlings at this time. (It should be noted that pifion seeds 
form a very minor portion of the diet of nestlings®’**.) Immature 
piñon jays become independent at about 8 weeks of age’. 
In birds hatched during autumn this occurs shortly before the 
onset of cold, intemperate weather. Great quantities of cones 
in August provide the proximate cue that adequate food, in the 
form of pifion seeds, will be available to the callow young 
during the stressful winter season. 

I thank Sandra L. Husar for assistance. The Research 
Allocations Committee of The University of New Mexico 
provided financial support for much of this study. 
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Table 1 Breeding phenology and testis condition of piñon jays in south-western New Mexico, in relation to production of seeds of the piñon pine 
Testis volumes (mm?)* 

Year Breeding phenology Pifion cone production Dates taken Mean Range 
1969 No spring breeding, breeding in autumn Abundant 19--20 Aug. 4 301.0 59.6-413.4 
1970 Breeding in spring, none in autumn None 25 Aug. 3 13.9 8.8-18.4 
1971 No breeding, spring or autumn None 5-6 Sept. 14 hl 2.5~23.9 
1972+ Some spring breeding, none in autumn Light 2-3 Aug. » 8 102.2 11.9--115.8 
1973F Some late spring breeding, none in autumn Light 
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* Testis volume in cubic millimeters was calculated using the formula for the volume of an ellipsoid: V = 4/3na*b, where a = 1/2 the 
shorter diameter and b = 1/2 the longer diameter. 
ji Some gonadal development and associated behaviour took place in early August; however, nesting did not occur. 
tų Specimens were not taken but nesting did not occur. 
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Pentamerism and the ancestral echinoderm 


ONE of the difficulties in an account of the origin of the 
echinoderms is their five-fold radial symmetry. Nichols’ has 
proposed a hypothetical ancestral echinoderm derived from a 


 lophophorate ancestor. Sipunculoids have a recurved gut 


and a hydraulically operated tentacular system using a 
-special compartment of the coelom. These resemblances to 
echinoderms suggest that a sipunculoid-like animal might 
have given rise to an ancestor of the echinoderms by 
developing a calcite skeleton for protection. This ancestor is 
illustrated in cross section in Fig. 1, but Nichols was unable 
to say why it should be pentamerous. On analysis of the 
requirements of such an animal, however, it has been pos- 
sible to produce a ‘paradigm’ (in Rudwick’s sense*) which 
demands five rays. 






Lumen of --—— SRS 


Skeletal Support 
Lophophore Skeletal Suppor 


of Arm 


Tentacles Hydropore 


Polian Vesicle 


Skeletal Theca 


Fig. 1 Nichols’ hypothetical ancestral echinoderm, in cross 
section, 


Nichols’ reconstruction, like many primitive echinoderms, 
has mouth, hydropore and anus in a straight line. Such an 
animal must live with the anus on the downstream side, to 
carry waste products away from mouth and hydro- 
pore (Fig. 2a). (In tidal waters, one current would probably 
be dominant, either because it would be stronger, or 
because it would carry food.) The hydropore fits best down- 
stream of the mouth, where the current over it is filtered 
by the food-gathering apparatus. The lophophore of such 
‘an animal must serve three functions: first, to catch food 
settling vertically out of suspension; second, to catch food 
food carried along horizontally by the current; and third, to 
detect the approach of danger. 
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The third function needs a ray extended directly up- 
stream (Fig. 2a), which would also serve the first two 
functions to some extent, but more rays are needed for 
food gathering. These must be bilaterally symmetrical about 
the axis established in Fig. 2a, or the animal would be twisted 
by the current. An additional ray extending downstream 
would only be possible if it did not lie on the surface of the 
theca, as in an edrioasteroid, but was extended over hydro- 
pore and anus as an arm. This would be undesirable as the 
arm would hinder the current in carrying away waste 
products, and might create eddies carrying these products 
into hydropore or food groove. There must, therefore, be an 
odd number of rays; one extended upstream and pairs on 
either side of the axis: one pair of rays at right angles to 
the axis (Fig. 26) catches food carried horizontally by the 
current, but makes no provision for catching food settling 
vertically or for detection of danger on the downstream side 
of the animal. These functions would be better served if all 
the rays met at equal angles (Fig. 2c). If each lateral ray is 
of length r, it would then sample a section of the current 
width w=r sin 60°=0.866r. Each ray would also extend 
‘early warning’ downstream from the centre by a length 
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Fig. 2 Possible paradigms for an ancestral echinoderm. 

B, Mouth: ©, hydropore; ©, anus; r, length of ray: w, 

current width searched; /, extension of ‘early warning’ 

facility downstream. Short downward arrows in b, c, 
represent current direction. 


[=r cos 60° =0.500r. But this is a vulnerable side, predators 
may be attracted upstream to the animal by secretions 
carried by the current. 

If another pair of arms is added, the requirements of 
the paradigm can be filled more satisfactorily. The animal 
of Fig. 2d has five arms of equal length and at equal 
angles to their neighbours. It 1s symmetrical to the current 
with one ray upstream and the anus downstream; each of 
the anterior lateral rays samples a width of current of 
width w=r sin 72°=0.95Ir (and it can be shown that this 
advantage of 5 rays over 3 persists even if the current veers 
considerably); each of the posterior lateral rays extends 
warning backwards by a distance /=r cos 36°=0.86r, 
while the anterior lateral rays guard the flanks; and finally, 
five equally spaced rays provide a better net to catch food 
settling vertically. The addition of a third pair of rays does 
not produce corresponding advantages. 

Five rays like this might be evolved by the branching of 
the lateral rays of a triad’, or by repeated branching of the 
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single ambulacrum of an animal like Helicoplacus. How- 
ever, Hyman’s summary‘ of sipunculoids as having “less 
than 10 to numerous” tentacles suggests that it might fit 
Nichols’ theory better to postulate a reduction of rays 
to the acceptable minimum of five so that the animal 
expends the minimum of metabolic energy in calcifying 
them. This reduction. would mean further loss of food- 
gathering power to a lophophore already restricted in 
flexibility by calcification, which could be overcome by the 
provision of lateral branches to the rays as outgrowths of the 
coelomic canal. Nichols deduced such branches, but from 
analogies with recent. crinoids, he considered the branches 
would be respiratory. Selection might have favoured their 
development to meet the needs of both feeding and res- 
piration. Whatever the exact details, the hypothetical an- 
cestral echinoderm has now been equipped with pentameral 
symmetry and can give rise to a variety of primitive 
echinoderms. 

I thank Professor D. Nichols for reading a draft of this 
paper. 
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Fertilisation of sheep ova 
following their transfer to goats 


AN interesting feature which has emerged from attempts to 
hybridise domestic sheep (Ovis aries} and goats (Capra hircus) is 
the marked difference in conception rate according to the direc- 
tion in which the cross is made. In goats inseminated with 
sheep semen the conception rate is similar to that in goats 
mated naturally with male goats; whereas in sheep inseminated 
with goat semen fertilisation is an infrequent occurrence'~°. 
The low fertilisation rateein sheep inseminated with goat semen 
has been confirmed by Hancock‘ who found that only 5 of 93 
(5.4%) sheep eggs were fertilised by goat spermatozoa. — 

Here I report an experiment undertaken with a view to 
isolating the factors which may be involved in the infertility of 
the sheep and goat cross, the approach being to circumvent any 
incompatibility between spermatozoa and environment by 
transferring sheep oocytes to the Fallopian tubes of goats which 
had been mated with fertile male goats. Results showed that 
most of the sheep eggs subsequently recovered had been fertilised 
and were undergoing cleavage, indicating that the sheep ovum 
presents no intrinsic barrier to the entry of the goat spermato- 
zoon. 

_ Eleven Border Leicester x Welsh Mountain ewes were treated 
with. progestagen-impregnated intravaginal sponges (Veramix 
Plus; Upjohn Ltd) for 13 d, and. were each given 1,500 i.u. 
pregnant mares’ serum gonadotrophin (Folligon; Intervet 
Laboratories Ltd) by subcutaneous injection at the time of 
sponge removal. The ewes were then tested with a vasectomised 
ram twice daily for signs of oestrous activity, and were given 
either 6,000 pg luteinising hormone releasing factor (Roche 
_ ‘Products Ltd) or 500 iu. human chorionic gonadotrophin 

< (Chorulon; Intervet Laboratories Ltd) by intramuscular i injec- 



















tion, 18 h after the onset of oestrus. The animals were subjec 
to laparotomy approximately 24 h later. Six of the ewes v 
used as egg donors, the technique for recovery of eggs being that 
described by Hancock and Hovell®. The oocytes were tr. 
ferred in a small volume of Hank’s fluid into the ovaria 
of the Fallopian tubes of four crossbred goats (G1, G2, G3 an 
G4) which had been mated with fertile male goats 30-60: 
earlier. The remaining five ewes were inseminated with goa 
semen; the semen was collected with the use of an artificial | 
vagina, and an equivalent of 2.15 x 10° (range 0.9-4.96) ; 
spermatozoa was deposited directly into each uterine horn. | 
Goats G1, G3 and G4 and the inseminated sheep were sub- — 
jected to laparotomy for egg recovery 3 d after the first opera- 
tion; goat G2 was subjected to laparotomy 2 d after the first _ 
operation. A record was made of the number of corpora lutea 
in the ovaries of the goats at the time of the second operation, oe 





Table 1 The numbers of sheep oocytes transferred to the left a) and S 
right (R) Fallopian tubes of mated goats, and the numbers. or fertil sed 
and unfertilised ova recovered . ae 





Sheep oocytes 


Goat tand Corson luted Ova pace 6 
L R L R i; R 
Gi 3 4 i 0 2 (6-8 cell) 1 G cell) 
1 (1 cell) te 
G2 0 1 1 0 — Ea e 
G3 0 4 0 0 — zona pel 
with spermat 
G4 3 2 0 1 2 (6-8 cell) I (1 ceil) 
i (1 cell) a 


A total of six cleaved and three uncleaved ova: were recov eC 
from three of the goats (G1, G2 and G4). Assuming that 
the number of corpora lutea, one of the cleaved ova from 
G1 and one of the uncleaved ova from goat G4 were ‘nativ. 
(see Table 1), the results indicate that seven of the trans 
ova were recovered at the second operation. Five of the seven 
ova (71.4%) were cleaved. No ova were recovered from goat 
but an empty zona pellucida showing the presence of em Dec 
spermatozoa was found. (Pua 

A total of ten ova were recovered from the five sheep i in 1 which 
goat semen had been placed directly into the uterine horns. 
None of the ova were fertilised, and there were no spermatozoa 
attached to, or embedded within, the zonae pellucidae. Ms 

Although the number of animals used in the experimey 
very small, the fertilisation of transferred sheep oocytes in thr 
goats and the presence of spermatozoa in. the zona pellu 
recovered from the fourth goat, indicate that there i is no. 
incompatibility between sheep ova and goat sperma 
These findings would seem to suggest that the low fertilisation — 
rate in sheep inseminated with goat semen is due to factors —— 
affecting the survival, transport or capacitation of the goat 
spermatozoa in the ewe. ae 

This work was supported by a grant to Professor J. L. Hancock eee 
from the Agricultural Research Council. I wish to thank 
Mr J. Dearden for technical assistance and for care of the 
experimental animals. 
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Swamp cancer 


HYPHOMYCOSIS DESTRUENS EQUI, also called swamp cancer 
or bursattee, is a granulomatous disease commonly of the 
lower leg of the horse and is a well known condition in the 
tropics and subtropics’. The associated fungus, ‘Hyphomyces 
destruens’, has neither been legitimately described nor satis- 
factorily placed in any group of fungi except broadly in the 
Phycomycetes, on the grounds of the morphology of the 
hyphae in tissue and culture. 

Following recent work in Australia by Johnston and 
Hutchins’, a request was made to these authors for isolates 
of the fungus from the New South Wales cases, but none 
had survived more than a few months in culture. This fate 
has also occurred to the isolates of Bridges and Emmons 
(H. Hasenclever, personal communication). In September 
1973 isolates were obtained from four cases of swamp cancer 
in horses in the Central District of Papua New Guinea, 
which closely agreed with the limited description available 
of ‘H. destruens’. 

Because of suggestions by Bridges and Emmons? and by 
Amemiya and Nishiyama and its general resemblance to 





Fig. i 

cleavage into zoospores immediately after emission ( x 270); 

b, zoospores encysted at sporangium apex (270); c, 

sporangium aperture stained with Parker blue-black Quink 
( x 405). 


a, Rotating vesicle of sporangial contents undergoing 


Mortierella spp., a number of methods developed to encour- 
age these fungi to produce sporangia were tried out on the 
cultures, for example, hay and silage agars, but without 
success, A further attempt was made by placing portions of 
colonies from a Sabouraud glucose agar plate in sterile 
water in a Petri dish, to which a small piece of sterilised 
rotten maize silage had been added. After incubation for 2 d 
at 25° C biflagellate zoospores 9-10 um diameter were 
noticed arising from the cleavage of protoplasmic masses 
emitted from undifferentiated filamentous sporangia (Fig. 1). 

This behaviour shows that ‘H. destruens’ is a Phycomycete 
belonging to the Pythiaceae in the Peronosporales and that 
it could be included in the genus Pyrhium Pringsheim’. 
Further work is in progress to establish whether it is a 
recognised or a new species, but the existence of a Pythium 
sp. pathogenic to mammals has not previously been 
suspected. 
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Erratum 


IN the letter “Appearance of unusual mitochondria in rice 
coleoptiles at conditions of secondary anoxia” by B. B. 
Vartapetian, 1. N. Andreeva and A. L. Kursanov (Nature, 
248, 258: 1974) the wrong illustration was published as 
Fig. Id. The bottom half of Fig. 1 should be: 





Ultrastructure of mitochondria in cells of rice roots 
and coleoptiles in aerobic and anaerobic conditions. a, Root, 
9 d after growth in aerobic conditions: b, root, 6 d of 
aerobic growth, then 3 d of growth in anaerobic conditions; 
c, coleoptile, 9 d of aerobic growth, d, coleoptile, 6 d of 
aerobic growth, then 5 d of growth in anaerobic conditions. 


Fig. 1 
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book reviews 





Pastures new 


Introduction to Ecology. By Paul 
Colinvaux. Pp ix+621. (Wiley: New 
York and London, 1973.) £5.80. 


Textbook of Theoretical Botany. Vol. 
4. By R. C. McLean and W. R. Ivimey- 
Cook. Pp. vili+ 3317-3912. (Longman: 
London, October 1973.) £12.00 


Introduction to Plant Ecology: A 
Guide for Beginners in the Study of 
Plant Communities. By A. J. Willis. 
Pp. 237. (Allen and Unwin: London, 
November 1973.) £5.25 boards; £2.95 
paper. 


THe publication of E. P. Odum's 
Fundamentals of Ecology (Saunders, 
Philadelphia, 1959) heralded a new era 
in the teaching of ecology at university 
undergraduate level. In particular it 
was Odum’s emphasis upon the eco- 
system as the basic unit of ecology 
which permitted the novel but long- 
awaited integration of plant and animal 
studies within a single cover. At last 
due emphasis was given to the prin- 
ciples governing the flow of energy, 
the cycling of elements and the dyna- 
mics of populations of organisms with- 
in the physical constraints imposed by 
the climatic and edaphic environment. 
As a result, this book did more than 
any previous text to influence the 
development of ecological teaching in 
universities throughout the world. 
Traditional plant and animal ecologists 
have been inspired not only to unite 
in their research efforts but also in 
their attempts to convey to their 
students an understanding of the func- 
tional mechanisms at work in natural 
communities of plants and animals. 
The positive feedback system thus 
created has inevitably resulted in a 
logarithmic increase in the information 
accretion rate within the newly unified 
discipline of ecology. As a result, prin- 
ciples require modification, techniques 
require revision and new and better ex- 
amples of many fundamental concepts 
emerge, all of which serve to make any 
text less and less useful as a teching tool 
with the passage of time, Consumer 
demand must eventually result in the 


revision or replacement of traditional | 


textbooks. Odum’s text has undergone 
periodic revision, most recently in 
1971, but for several years there has 
been a need for a fresh look at ecology 
in its totality by a new author un- 
committed to the highly evolved, but 
often rigid, framework of a previously 


published text. Two such texts have 
recently migrated across the Atlantic 
to its more conservative right-hand 
seaboard. One of these, Paul Colin- 
vaux’s Introduction to Ecology, is to 
be reviewed here; the other, Robert 
Ricklef’s Ecology (Nelson, London, 
1973) was reviewed in these columns 
last year (245, 342; 1973). 

Colinvaux’s book is thoroughly re- 
freshing in approach, content and 
style. The arrangement of material is 
systematic and sensible. Beginning 
with plant and animal geography, the 
author places an unusual, but highly 
desirable emphasis upon the time 
factor in the development of the 
formation (=biome) both on the suc- 
cessional time scale and over longer 
periods involving climatic change. 
Colinvaux’s informal, even anecdotal, 
style makes this section particularly 
easy and exciting to read—his selec- 
tion of material is so skilled that the 
founders of biogeography emerge as 
human beings rather than the stuffy 
Victorian protagonists pictured in so 
many texts. 

The second part of the book deals 
with the ecosystem as a unit and, 
inevitably, it leans heavily upon Odum. 
But once again the author’s highly 
selective and analytical approach leads 
to simplicity, consistency and flow in 
his style. For example, in the opening 
section of part 2 he reduces the major 
contributions of Elton, Lindeman and 
Hutchinson to the development of 
ecosystem concept to a mere para- 
graph. The paragraph nevertheless re- 
mains readable, full of infectious en- 
thusiasm, yet pregnant with informa- 
tion and meaning. This paragraph 
forms the basis for his further develop- 
ment of the themes of production, 
energy transfer and nutrient cycling. 

Part 3 of the book deals with com- 
petition and the relationship of the 
individual to the population. Inevit- 
ably, this section contains an abund- 
ance of animal data, mainly because 
so few botanists have regarded plants 
in these terms. Colinvaux’s approach 
is made uniform by the way in which 
he relates all of the work he reviews 
to the processes of natural selection 
and evolution. In the final part of the 
book he continues the evolutionary 


theme by asking some of those enig- 


matic questions which make modern 
ecology so fascinating; why are some 
species of organism common whilst 
others are rare, what controls diver- 
sity in ecosystems and how is diversity 





related to stability of ecosystems? 

It is easy to criticise this book on 
many aspects of content, particularly 
the lack of detail in some sections. For 
example, the descriptive analysis of 
plant communities (a subject which 
has riveted the attention of British and 
Commonwealth plant ecologists for 
decades, often to the exclusion of all 
other considerations) is treated very 
briefly when compared with that of, 


say, Kershaw’s Quantitative and 
Dynamic Plant Ecology (Arnold, © 
London, 1973). Genetic aspects of = 


natural selection and evolution rate 
receive a less rigorous treatment than 
in Ricklef’s Ecology. But in my opi- 
nion, any such defects are greatly out- 
weighed by the sheer readability of 
Colinvaux’s text as well as the effec- 
tive way in which it stimulates the 
most fascinating ecological questions 
in the reader’s mind. Any teacher who 
needs a general ecological textbook to 
introduce this vast subject to under- 
graduates need look no further than 
this book. 

McLean and Ivimey-Cook’s fourth 
volume in their Textbook of Theoreti- | 
cal Botany is, as its name implies, a 
massive collection of information re- 
levant to certain aspects of plant eco- | 
logy and plant geography. One may be 
forgiven for questioning the relevance 
of such an encyclopaedic textbook in — 
these days. No longer can the plant — 
sciences be adequately covered in one — 
text, even if it runs to five expensive — 
volumes as this one is intended to do. 
Indeed, I would even question the 


need for a textbook embracing plant = 
ecology at a time when ecological. 


synthesis is proving so much more 
valuable than analysis in the construc- 
tion of a conceptually based and pre- 
dictive science of ecology. Even the 
short preface to this volume conveys 
to me an air of incipient defeatism: 
“Many people who meet this unfamilar 
word (ecology) for the first time are 
moved to ask, ‘what is ecology?” and 
‘what does it do?’ The present sketch 
may be useful in answering such ques- 
tions so far as plant life is concerned.” 

How, one may ask, can such ques- 
tions be answered by reference only 
to plant life? They cannot, and this 
fact becomes increasingly clear as one 
proceeds through this book. For ex- 
ample, many conceptual terms are 
treated inadequately, simply because 
they depend largely upon animal 
studies for their existence. The term 
‘niche’? cannot be explained solely with 
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reference to plants; the semi-quote ` 


from Odum that in is the plants’ pro- 
fession is meaningless. Colinvaux asked 
a much more searching question when 
dealing with this topic; why are there 
so many species of grass in a meadow 
when they are all doing the same job? 
McLean and Ivimey-Cook not only 
fail to answer such a question, they do 
not ask it. Again, how sad it is that 
seven pages of this concept section are 
devoted to ‘physiognomy’ and only one 
to ‘ecosystem’. That single page con- 
tains many misconceptions and errors, 
for example, the confusion of the 
terms ‘population’ and ‘community’, 
and the idea that an ecosystem must 
be stable or it will “disintegrate and 
disappear”. Primary production is 
mentioned here, though not defined, 
but one has to hunt within the 
‘edaphic environment’ section in order 
to find two more pages devoted to this 
topic in the 800-page book. 

The coverage of the volume is 
patchy. Production ecology is almost 
non-existent, but soils and related en- 
vironmental factors are dealt with 
very extensively. Even here, however, 
there is a tendency to depend upon 
older literature for much material with 
resultant inaccuracy; for example, 
their treatment of organic soils and 
peats is antiquated and misleading. 

It is a little surprising to find three 
habitats selected for more detailed 
treatment in a book of this kind, These 
are freshwater habitats, marine 
habitats and sea beaches all of which 
are covered by specialised texts. The 
use of the term ‘sea beaches’ is also 
misleading. Instead of a discussion of 
the. maritime beach habitat one finds a 
brief account of intertidal benthic 
algae and their zonation. Here again 
terms are used loosely; ‘emergence’ 
and ‘exposure’ are both used where 
‘emersion’ would be preferable. The 
effects of exposure (to wave action) 
are not dealt with at all, despite their 
profound influence upon intertidal 
ecology. 

The second (and smaller) part of the 
volume is. concerned with plant geo- 
graphy. This subject is dealt with in a 
far more satisfactory way than is plant 
ecology. The approach is generally his- 
torical and due emphasis is placed 
upon tectonic and glacial changes in 
Tertiary and Quaternary times in 
influencing the present pattern of plant 
distributions. There is a very useful 
section which discusses Adams’s 
criteria for the recognition of centres 
of. origin and distribution of plant 
genera. This would have been even 
more useful if it could have been 
married with some ecological prin- 
ciples. The separation of plant ecology 
from plant geography, like that of 


` plant, and animal ecology, is an his- 


torical accident the effects of which 


have benefited neither discipline. Our 


efforts should surely be directed to- 


wards healing these breaches rather 


than preserving them. 

One final criticism of McLean ai: 
Ivimey-Cook’s book is the absence of 
a bibliography with each volume. 
Presumably one is expected to buy the 
fifth volume to benefit from the cita- 
tions of specific publications in the 
fourth volume. 

The third book under review is the 
revision by Willis of A. G. Tansley’s 
Introduction to Plant Ecology. Having 
stated my basic reservations about 
books devoted to general plant ecology 
and to the revision and up-dating of 
classic textbooks, I need not labour 
them further. This revision is a 
thorough one and has involved the 
introduction of a large proportion of 
new material since the final 1954 edi- 
tion of Tansley’s book. At the same 
time the basic Tansleyan influence re- 
mains dominant in concepts and ap- 
proach, 

There are certain areas, however, in 
which it is impossible to do justice to 
modern concepts and still to retain 
the Tansley tradition. For example, 
the chapter on vegetational succession 
remains true to Tansley only by omit- 
ting the contributions of Deevey, 
Livingstone, Hutchinson and Odum. A 
large proportion of the book is given 
over to the description of vegetation, 
yet Tansley’s ideas on this subject, 
although a milestone in the history of 
plant ecology, are now to be regarded 
in the way a modern radioastromoner 
would look upon Galileo's telescope. 
Similarly, a modern ecologist would 
not look to Tansley if seeking a means 
of describing vegetation. Can we not 
allow these classic texts to rest in 
respected peace upon our shelves and, 
inspired by their truths but liberated 
from the straight-jacket of their his- 
torical context, set about their replace- 
ment with yet greater works? I am 
sure that Willis and many other 
revisors would have been more gain- 
fully employed in such a task. 

A comparison of the three books 
under review here sadly reflects the 
development of ecology on the two 
sides of the Atlantic. The New World 
has set about the task of integrating 
the science of ecology while the Old 
World remains hide-bound by its much 
treasured tradition. 

PETER D. Moore 


Generations of insects 


Insect Population Ecology: an Analyti- 
cal Approach. By G. C. Varley, G. R. 
Gradwell and M. P. Hassell. Pp. x+ 
212. (Blackwell Scientific: Oxford and 
London, 1973.) £2.75. 

THIS is an excellent book about insect 
population dynamics, with emphases on 





Nature Vol. 250 July 5 1974 


the construction and evaluation of life 
tables, on quantitative description of 
the effects of parasitoids, predators and 
competitors, and on application of 
these techniques in the field of biolo- 
gical control. It will be valuable to 
students and research workers, espe- 
cially to those working on insects with 
discrete generations, since this is a 
basic assumption of most of the models 
developed here. 

It is not a complete text of popula- 
tion ecology, partly because many im- 
portant ideas have emerged only in the 
study of vertebrates, and partly because 
the scope of the bock is less wide than 
the title implies. Other facets of popu- 
lation ecology such as dispersal, 
insect-plant relationships, effects of 
environmental heterogeneity and evo- 
lutionary aspects are not to be found 
here. But these omissions are not short- 
comings, since this comprehensible 
treatment of population dynamics is 
particularly valuable now when the 
subject is no longer controversial. The 
disputes of fifteen to twenty years ago 
were founded partly on difficulties in 
definition of terms, partly on misunder- 
standings of cause and effect, and partly 
on the tendency of researchers to gen- 
eralise from their own results. Subse- 
quently, in the early sixties, most writers 
were particularly careful to avoid these 
pitfalls, but this salutary effect seerns to 
be wearing off. This book should help 
to reverse the trend once more. 

Not all the deductions from popula- 
tion models are strictly accurate. A 
case in point concerns the authors’ own 
work on the winter moth and its para- 
sites. A high and variable proportion 
of winter moth larvae dies each year 
when eggs laid on oak twigs hatch 
before the buds burst, causing starva- 
tion of the larvae. P. P. Feeny whose 
work is not referred to here, has given 
evidence (Ecology, 51, 565-581; 1970) 
that the selection pressure responsible 
for this very early egg hatch stems 
from the accumulation of toxic chemi- 
cals in the oak leaves later in the 
season, such that larvae which hatched 
late would be unable to complete their 
development. If this is correct, then the 
interpretation given in the book—that 
the mortality is caused by “the wide 
scatter of bud opening times [which] 
prevents the time of hatch of winter 
moth eggs from being selected for very 
precisely”-—is only half the story, and 
the assumption (page 133) that this 
mortality would be reduced if the buds 
opened synchronously on all the trees 
is incorrect. The same selection pres- 
sure for early hatching would still be 
present, and the resulting mortality 
would simply be more evenly distri- 
buted in space. The further assumption 
that this hypothetical situation would 
destabilise winter moth populations 
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seems equally unjustified, since, while 
the stabilising effect of parasites’ res- 
ponses to patchiness in host density 
would be removed, the major cause of 
instability—differences from year to 
year in the relative timing of egg hatch 
and bud burst—-would, in the authors’ 


interpretation, also be reduced. 
M. C. SINGER 


Obedient unto death 


Obedience to Authority: An Experi- 
mental View. By Stanley Milgram. 
Pp. xvi+224. (Tavistock : London; May 
1974.) £2.50. 

“I was just obeying orders”. From 
My Lai to Auschwitz and doubtless 
back to the time of Genghis Khan and 
before, the perpetrators of atrocities 
have excused their actions with some 
variation on that theme. Many people 
dismiss that excuse; they feel that 
the people involved in such horrors 
must be sadistic brutes not typical of 
the human race and comfort them- 
selves with the secure knowledge that 
they would have the will and strength 
to refuse to obey such orders. Those 
comforting beliefs are shattered by 
Professor Milgram’s account of his ex- 
periments at Yale during the 1960s. In 
the tests, subjects recruited from the 
general public to take part in what 
they believed to be a learning experi- 
ment were placed in a situation where 
they were required, under the orders 
of the “experimenter”, to administer 
severe electric shocks to someone they 
thought to be another unsuspecting 
recruit for the learning experiment. 
Their willingness to-do so is astonish- 
ing, and provides a new basis for 
understanding, if not excusing, the be- 
haviour of people “just obeying 
orders”. 

Most of this book is taken up with 
descriptions of the various forms of the 
experiment and the responses of the 
subjects. Put baldly, it,seems astonish- 
ing that anyone participated at all. 
Each volunteer was paired with an 
actor who was to be the victim in the 
experiment, and a rigged lottery en- 
sured that the subject became the 
“teacher”. The rationale of the test, 
as explained to him, was that the 
“learner” was to be encouraged to 
remember word pairs in a list by ad- 
ministration of electric shocks of in- 
creasing severity every time he made 
an error. The teacher had to admini- 
ster these shocks while the genuine 
experimenter acted as the voice of 
authority. Many people were quite 
happy to administer what they genuinely 
believed to be shocks of up to 450 
volts, while the learner screamed, pro- 
tested, demanded to be released? from 
the experiment and finally fainted. 

Even when the teacher protested to 
the experimenter about the situation, 


Fate, time, occasion, chance 
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and change 








Cartoon in The Comic Muse, July 18 1863, of the proposed removal of the 
Natural History collections to South Kensington (in fact not moved until the 
1880s). 


ir hasn’t always been ‘all change’ 
at the British Museum, but as 
readers of Edward Miller’s schol- 
arly and readable history (That 
Noble Cabinet, Deutsch, London, 
February 1974; £4.80) of the museum 
will soon discover, this famous 
institution has not been blessed 
with a particularly peaceful exist- 
ence. For the first 150 years of 
the museum’s life, since its founda- 
tion by Act of Parliament in 1753, 
if there weren't squabbles between 
the government, the trustees and 
the staff about money and build- 
ings, there were worries about 
staffing, space and facilities; and in 
Victorian times especially there also 
seem to have been endless bicker- 
ings between certain of the senior 
staff. 

The museum, however, weathered 
all the storms—including a heavy 
battering during the Second World 
War—and is all set to face the next 





he could usually be encouraged to 
carry on for some time, administering 
greater and greater shocks by such 
responses as “The experiment requires 
you to continue” or “It is absolutely 
essential that you continue’. The voice 
of authority carried remarkable 
weight. So much so that the early 
simple versions of the experiment 
proved useless in defining exactly where 
people would draw the line. From 
having the ‘victim’ out of sight in the 
next room, successive modifications 
of the experiment eventually lead to 
physical contact, when the teacher had 
to hold the protesting learner in con- 


upheavals when, if present plans 
materialise, the library will be 
severed from the other departments 
and uprooted into new buildings. 
The museum was founded mainly 
as a department of natural history; 
ironically, it was this department— 
despised by the great librarian 
Panizzi (the architect of the pres- 
ent reading room)—which was the 
first major section to be severed 
physically if not completely emo- 
tionally from Bloomsbury when it 
was moved in the 1880s to Water- 
house’s new buildings in South 
Kensington. 

Miller—himself a museum man 
-has written a fascinating tale. 
There is no doubt that the BM has 
been favoured with more good luck, 
and loyalty from benefactors and 
staff, than its trustees and the British 
nation have at times deserved. 


SARAH BUNNEY 


tact with the plate supposedly giving 
shocks. And some people, acting under 
orders, carried out their duties up to 
the 450 volt level clearly labelled 
with “Danger Severe Shock”. It is 
natural to ask how careful the experi- 
menters were in their investigation— 
can their results be extrapolated to 
normal conditions? The answer seems 
to be yes. Over several years variations 
on the experiment were tried in which 
the “authority? was no longer res- 
pectable Yale University but a seedy 
(and fictitious) firm of “Research As- 
sociates’”’, operating from a run down 
neighbourhood. Various permutations 
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on the roles were also investigated, 
with in some cases two experimenters 
giving conflicting orders, in others the 
experimenter himself offering to be the 
‘learner’ to show how harmless every- 
thing was and then screaming to be 
let out, and so on. The results seem 
clear: given a defined chain of com- 
mand and a guiding plan which must 
be obeyed most subjects were pre- 
pared to administer severe pain in a 
futile ‘experiment’ even when it 
caused them considerable emotional 
distress. In the most extreme cases, 
people were found who pressed on even 
when they thought the ‘victim’ had 
a weak heart and might be dying. 
Thus far, the book is compelling 
reading and provides food not just 
for thought but for self. analysis, but 


.. when Professor Milgram feels the need 
. to produce theories to explain the be- 


> haviour he is on much weaker ground. 
This is as much because of the state 
=- of the art of psychology as through 
_ any fault of his, but it is a pity 
that able experimenters should so often 
© feel the need to be theoreticians as 
© well. The latter part of the book is, 
however, prevented from being in any 
sense an anticlimax by a double sting 
in the tail—an epilogue about My Lai, 
and an appendix discussing the ethics 
of carrying out the experiment at all. 
Mary GRIBBIN 


Eyes of the aged 


The Human Lens in Relation to Catar- 
act. Pp. x+324. (Ciba Foundation 
Symposium 19, New Series.) (Elsevier / 
Excerpta Medica/North-Holland, As- 
sociated Scientific Publishers: Amster- 
dam, London and New York, 1973.) 
DA 43.50; $16.70. 

ALTHOUGH the surgery of cataracts 
figures prominently in many ophthalmic 
practices, clinical research has been 
mainly concerned with the technologi- 
cal problems of avoiding the post-oper- 
ative complications. The _ relative 
success of modern cataract surgery 
‘may have inhibited to some extent the 
need for research into the mechanisms 
-responsible for, and the changes which 
occur as a result of, the development 
of lens opacities in the aged. There 
cannot be complete complacency on 
the clinical side, however, as the pati- 
ent after a successful lens extraction 
is nevertheless challenged by a series 
of problems in achieving ‘better sight’. 
The need for research at a more funda- 
mental level is thus of great import- 
ance. 

Publication of this volume was 
timed to coincide with the retirement 
of Dr A. Pirie from the post of Reader 
to the University of Oxford, which she 
has held with distinction from 1948 
to 1973, and records the proceedings 
of a symposium on the Ruman fens 


in relation to cataract under her chair- 
manship. In a series of papers followed 
by wide ranging discussions investi- 
gators eminent in their respective fields 
present their current views arising from 
investigations into the physical, bio- 
chemical, immunological and epidemio- 
logical changes which occur in the 
ageing lens. In subsequent sections it 
is perhaps unfortunate that the prob- 
lem of iatrogenic cataracts did not 
receive more attention, but this was 
more than offset by a communication 
indicating that at least in certain parts 
of the world the age at which cataracts 
develop in populations depends on the 
geographical habitat. 

This volume will be of value to 
cataract surgeons who wish to expand 
their knowledge of the subject beyond 
the confines of operative technique, 
and provides an up-to-date review of 
concepts and investigation techniques 
for laboratory workers engaged in re- 
search on lenticular opacities in the 
aged. J. C. Dean Harr 


Ions enter crystals 


Channeling: Theory, Observation and 
Applications. Edited by D. V. Morgan. 
Pp. xu+905. (Wiley: London and New 
York, November 1973.) £11.75. 


THE discovery in 1965 that under cer- 
tain conditions fast ions from nuclear 
particle accelerators could penetrate 
to anomalously great depths in single 
crystals came as something of a sur- 
prise to physicists. It was not that any 
new principle was involved but simply 
that the passage of fast ions through 
solids had been well studied for some 
70 years and it was not to be expected 
that a phenomenon as striking as 
channelling could have avoided detec- 
tion for so long. This greatly increased 
penetration occurs when the charged 
particles travel along the directions of 
the strings of atoms which make up 
the crystal lattice, for in these direc- 
tions the particles can travel freely in 
the open channels between the atoms 
with little energy loss. In the past 
eight years there has been a consider- 
able amount of research on the 
channelling effect and the principal 
features are now well understood. 
Since the effect is beginning to find a 
number of applications the appearance 
of a comprehensive treatment is both 
welcome and timely. 

The first half of the book is devoted 
to discussing the fundamental aspects 
of channelling and of the correspond- 
ing blocking phenomenon which gives 
rise to the distinctive pattern of ions 
backscattered by single crystals. Classi- 
cal models provide a good account of 
these processes and computer simula- 
tion has been successfully employed 
for predicting the trajectories of ions 
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in crystals. With increasing accuracy 
of measurement, however, the use of 
a wave description may become neces- 
Sary as in the case of channelling of 
electrons, 

The second half of the book contains 
accounts of a number of the applica- 
tions in which the phenomenon has 
been used. Thus since the blocking 
process depends sensitively on the 
structure of the solid it can be used for 
crystallographic analysis, the pattern 
immediately leading to the identifica- 
tion of the principal planes and axes 
of the crystal. Again impurities em- 
bedded in otherwise perfect crystals 
obstruct the free passage of the 
channelled ions and the nature and 
location of these impurities can be de- 
termined by the change in the pattern 
of the scattered ions, This technique 
of atom location is already finding 
many uses and includes the fields of 
radiation damage, surface physics and 
semiconductor technology, each of 
which is discussed at some length. 

One historically interesting applica- 
tion lies in the field of nuclear physics 
and is for measuring time intervals as 
short as 10°"s; this was devised in 
1960 by Dr P. B. Treacy, five years 
before the phenomenon of channelling 
had been discovered. The principle of 
the method was to observe the distance 
travelled by an excited nucleus in a 
crystal in the interval between excita- 
tion and disintegration. Dr Treacy’s 
assumption was that the decay products 
would have a greater chance of 
escaping from a crystal if the nucleus 
disintegrated at a point in a channel 
rather than at the lattice point where 
it was excited. His experiment proved 
abortive Owing presumably to the poor 
quality of his crystals and no effect was 
seen. Some years later, however, when 
the channelling phenomenon was 
known, this application was indepen- 
dently proposed by other authors and 
shown to worke It has now become an 
established technique and some beauti- 
ful experiments have been carried out 
using it. 

The whole field of channelling is 
excellently described in this book. Its 
multiple authorship ensures that the 
chapters on the different aspects of the 
field bear the stamp of authority and 
yet they are sufficiently linked together 
to make a coherent whole without 
destroying the pleasant idiosyncrasies 
in stvle of the individual authors; the 
editor is to be congratulated on his 
successful blending together of the 
component parts. It is informative, 
stimulating and well presented. As a 
library book it is likely to remain of 
valug for some time and should be 
available to all. It will be of special 
interest to those working in the fields 
of solid state physics and of the science 
of materials. M. A. GRACE 
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announcements 


In the recently announced Honours 
List, Sir John Wolfenden, formerly 
chairman University Grants Committee 
and Director British Museum was made 
a Life Peer; W. F. Anderson, David 
Cargill Professor of Geriatric Medicine, 
University of Glasgow; S. G. Clayton, 
President, Royal College of Obstetri- 
clans and Gynaecologists; A. F. Huxley, 
Royal Society Research Professor, 
University College, London; W. L. M. 
Perry, Vice-Chancellor, The Open Uni- 
versity; and D. H. Wilkinson, Professor 
of Experimental Physics, University of 
Oxford, were made Knights Bachelor. 


Awards 


The Society for Analytical Chemistry 
announces the Robert Boyle Essay 
Awards. (Entrants must be under 20.) 
For details write to: The Society for 
Analytical Chemistry, 9/10 Savile Row, 
London WIX IAF. 


Appointments 


W, F. Vinen has been appointed to the 
Poynting Chair of Physics at the Uni- 
versity of Birmingham. 


D. R. Bates has been elected a Foreign 
Honorary Member of the American 
Academy of Arts and Sciences for his 
work on the study of the Earth's 
atmosphere. 


William Lyall Ford has been appointed 
Professor of Experimental Pathology at 
the University of Manchester. 


Ian Briercliffe Houston has been ap- 
pointed to the additional Chair of Child 
Health at the University of Manchester. 


Jean Kennedy McFarlane has been 
appointed Professor of Nursing at the 
University of Manchester. e 


J Wiegoid has been awarded a Per- 
sonal Chair by the University of Wales. 


Errata 


In the article “Formation of methyl- 
mercury in a terrestrial environment” 
by W. F. Beckert et al. (Nature, 249, 
674; 1974) the units given in paragraph 
3, lines 4 and 5 should be... 1 mCi 
Hg m and 2-20 Ci g` respectively. 


In the article, “Palatability dynamics of 
cardenolides in the monarch butterfly” 
by L. P. Brower (Nature, 249, 280; 
1974) Table 2 contained several errors 
and the following corrections should be 
made: California butterflies, line one, 
number of birds should read 9t; line 
eight, absorbance range of subsample 
should read 0.320 to 0.399); Massachu- 
setts butterflies, line four, number of 
birds should read 10€€; Totals should 
read Males 186 and Females 169. 


International meetings 


September 19, Thermodynamics and 
Fluid Mechanics/Environmental Science 
and Technology Joint Conference (A. 
J. Tugwell, Groups Department, The 
Institution of Mechanical Engineers, 1, 
Birdcage Walk, Westminster, London 
SWI). 


September 19-20, Action of Drugs on 
Vertebrate Cells in vitro (Dr M. Balls, 
School of Biological Sciences, Univer- 
sity of East Anglia, Norwich NOR 88C, 
UK). 


September 20-22, Science, Techno- 
logy and Society in Victorian England 
(The Centre for Continuing Education, 
Education Development Building, Uni- 
versity of Sussex, Brighton BNI 9RG, 
UK). 


September 20-22, 1974 Annual Con- 
ference of the Education Group of the 
Institute of Physics (Meetings Officer, 
The Institute of Physics, 47 Belgrave 
Square, London SWIX 8QX). 


September 22-24, Rosenhain Memo- 
rial Conference (The Conference Secre- 
tary, Dr D. E. Miles, Division of 
Materials Applications, National Phy- 
sical Laboratory, Teddington, Middle- 
sex, UK). 


September 22-25, International Sym- 
posium on the Electro-optical Proper- 
ties of Macromolecular Solutions (Dr 
C. Houssier, Laboratoire de Chimie 
Physique, Universite de Liege au Sart- 
Tilman, B-4000 Liege, Belgium). 


September 22-25, 48th Annual Con- . 


ference of Aslib (The Conference Or- 
ganiser, Aslib, 3 Belgrave Square, Lon- 
don SWIX 8PL). 








September 22-28, Short Course < 
Environmental Health Enginee 
Hot Climates and Developing 
tries (John Pickford, Universit 
Technology, Loughborough, Leices 
shire, LEHL 3TU, UK). i 


September 23-26, 2nd Meeting of i 
European Geophysical Society (Pro- 
fessor A. Marussi, Instituto di Geodesia | 
e Geofisica, Universita Degli Studi __ 
Trieste, Italy). : ene 


Sepiember 23-26. International Sym- 
posium on Contamination Contro 
(ICCCS, 6 Conduit Street, London 
WIR 9TG). Se 


September 23-27, 9th World Energy 
Conference (E.  Ruttley, Secretary- SEE 
General, World Energy Conference, 5 
Bury Street, St. James’s, London a SW Y 
6AB). i 





















September 23-27, 6th intern 
Symposium on Problems of Liste 
(Dr Malcolm Woodbine, Microbiolo-. 
gical Unit, Department of Applied Bio-. 
chemistry and Nutrition, Faculty of 
Agricultural Science, University of 
Nottingham, Sutton Bonington, Lough- 
borough, LEI2 5RD, UK). | , 


September 23-27, 8th Internationa | 
Conference on the Properties of y 
and Steam (Conference LA.P.S., Secré 
tariat, c/o S.F.T., 28 rue de la Source, 
75016 Paris, France). l 


September 23-27, 6th Internatio 

Congress of Infectious and Parasiti 
Diseases (6th International Congress 0 
Infectious and Parasitic Diseases, 01 
201 Warszawa, Wolska. 37, Poland). 


September 23-27, 22nd Symposium 
Vertebrate Palaeontology and Compa 
rative Anatomy (D. W. Yalden, De- / 
partment of Zoology, The University, co 
Manchester M13 9PL, UK). | 


September 23-October 3, NATO Ad- 
vanced Study Institutes Programme 
(Miss C. H. Borrey, Institut de Ree < 
cherche Interdisciplinaire, School of 
Medicine, Boulevard de Waterloo, 115, Soe 
B-1000 Brussels, Belgium). ig . 


September 24, Growth of Crystals — 
from Biological Molecules (Professor 
A. C. T. North, Astbury Department 
of Biophysics, University of Leeds, 
UK), | 


September 24-26, Sth International 
Symposium on Gallium Arsenids and 
Related Compounds (Dr R. Veilex, 
Fifth International Symposium. on Gal- 
lium Arsenide and Related Compounds, 
LEP, 3 avenue Descartes, F-94450 
Limeil Brévannes, France). 
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September 24-26, Radioimmunoassay 
and Related Topics in Clinical Bioche- 
mistry (Mr J. Maxwell Jones, LKB In- 
struments Ltd., 232 Addington Road, 
Selsdon, South Croydon, Surrey CR2 
8YD, UK). 


September 24-27, CAD 74 Interna- 
tional Conference and Exhibition on 
Computers in Engineering and Building 
Design (M. I. Dawes, IPC House, 32 
High Street, Guildford, Surrey GUI 
3EW, UK). 


September 25, Sounding Rockets and 
Experimental Results (L. J. Carter 
ACIS, The British Interplanetary 
Society 12 Bessborough Gardens, Lon- 
don SWIV 2JJ). 


September 25-29, 10th International 
Congress of Herpetology (Dr K. Klem- 
mer, Deutsche Gesellschaft fiir Her- 
petologie und Terrarienkunde, Sencken- 
berganilage 25, Frankfurt (Main)-1, 
Germany). 


September 26-27, X-ray Astronomy 
by Rockets and Satellites (L. J. Carter 
ACIS, The British Interplanetary 
Society, 12 Bessborough Gardens, Lon- 
don SWIV 2JJ). 


September 27, Annual General Meet- 
ing of the Bone and Tooth Society 
(Royal Dental Hospital, 32 Leicester 
Square, London WC2). 


September 28, Nutrition Society Meet- 
ing (Dr J. D. Sutton, Hon. Programmes 
Secretary, National Institute for Re- 
search in Dairying, Shinfield, Reading 
RG2 9AT, UK). 


September 30-October 1, Meeting of 
the Executive Committee of the Inter- 
national Union of Pure and Applied 
Physics (Associate Secretary General 
of IUPAP, c/o Institute of Theoretical 
Physics, Fack, S-402 20 Göteborg 5, 
Sweden). 


September 30-October 4, 2nd Sympo- 
sium on Neutron Dosimetry in Biology 
and Medicine (Symposium Secretariat, 
Gesellschaft fiir Strahlen- und Umwelt- 
forschung mbH, D-8042 Neuherberg/ 
Munich, [ngolstadter Landstr. 1, Fede- 
ral Republic of Germany). 


September 30-October 5, 25th Inter- 
national Astronautical Congress (Inter- 
national Astronautical Féderation, 250 
Rue Saint-Jaques, 75005 Paris, France). 


Reports and Publications 


Great Britain 


Philosophical Transactions of the Royal Society 
of London. A: Mathematical and Physical Sciences. 
Vol. 276, No. 1259: On the Chapman-Kolmogorov 
Equation. By J. F. C. Kingman. Pp. 341-369. 
(Londen: The Royal Society, 1974.) {95 

Fossils in Caves, (Palacantalogy Leaflet No. 4.) 
Pp. 7. (London: British Museum (Natural History), 
1974.) 7p. [105 

Tria Juncta in Uno: The Role of the Academic 
Medical Unit. By Professor Raymond Hoffenberg. 
(Inaugural Lecture in the University of Birmingham 
on 4 December 1973.) Pp. 15. (Birmingham: The 
Information Officer, The University, 1974.) 25p. 

{145 

Science Research Council Ion Implantation Panel 
Report 1973. Pp. 95. (London: Science Research 
Council, State House, High Holborn, WC2, 1974.) 
gratis. {145 

Science Research Council. Annual Report of the 
Daresbury Laboratory for 1973. Pp. 159. (Dares- 
bury, Near Warrington: Daresbury Laboratory, 
1974.) {145 

Philosophical Transactions of the Royal Society 
of London. B: Biological Sciences. Vol. 267, No. 
S88: Neuroanatomy of the Mesothoracic Ganghon 
of the Cockroach Periplaneta americana (L). 1. The 
Roots of the Peripheral Nerves. By G. E. Gregory. 
Pp. 421-465 + plates 21-23. (London: The Royal 
Society, 1974.) {165 

BP Statistical Review of the World Oi! Industry 
--4973. Pp. 24. (London: The British Petroleum 


Co., Lid., 1974.) {175 

Public Health Laboratory Service. Monograph 
Series No. 6: The Prevention of Laboratory 
Acquired Infection. By H. Collins, E. G. 


Hartley and R. Pilsworth. Pp. vii + 59. (London: 
HMSO, 1974.) 40p. i175 

Solar Energy Applications in Architecture. (An 
Interim Report as Part of a Project being carried 
out in the Department of Environmental Design, 
The Polytechnic of North London.) By Edward 
J. W. Curtis. Pp. 30. (London: The Polytechnic of 
North London, 1974.) {175 

Social Science Research Council—-Descriptive 
Brochure. Pp. 32. (London: SSRC, 1974.) {205 

Medical Research Council-——Laboratory Animals 
Centre. Manual Series, No. 1: The Accreditation 
and Recognition Schemes for Suppliers of Labora- 
tory Animals. Second edition. Pp. 48. (Carshalton: 
MRC, Laboratory Animals Centre, 1974). {205 

Disaster Technology: an Annotated Bibliography. 
By Diana Manning. Pp. 331. (London: London 
Technical Group, Mining House, 55 Evelyn Gar- 
dens, SW7, 1973.) £4. 215 

Bulletin of the British Museum (Natural History). 
Geology. Vol. 24, No. 7: The Dentitions and 
Relationships of the Southern African Triassic 
Mammals, Erythrotherium parringtoni and Megazo- 
strodon rudnerae, By A. W. Crompton. Pp. 397- 
437 =+ 3 plates. £2.55. Instructions for Collectors 
No. 4a: Insects. Pp. vi + 169, Fifth edition, com- 
pletely revised. £1.50. (London: British Museum 
(Natural History). 1974.) [225 


Other Countries 


Council for International Organizations of 
Medica! Sciences. Diseases of the Urinary Tract 
and Male Genital Organs, Vol. 5: Provisional 
International Nomenclature. (A list of names of 
diseases recommended for international use as a 
complement to the WHO International Classi- 
fication of Diseases.) Pp. 122. (Geneva: CIOMS, 


c/o WHO, Avenue Appia, 1974.) {254 
New Zealand Meteorological Service. Sum- 
maries of Climatological Observations to 1970: 


Stations in New Zealand and Outlying Islands, 
including the Cook Group, Tokelau Islands, Pit- 
cairn Island, Niue Island and Western Samoa. 
Pp. 77. (Wellington, NZ: New Zealand Mete- 
orological Service, 1973.) $1.50. [264 

The Nucleus: Annual Review of the Science 
Foundation for Physics and the School of Physics 
within the University of Sydney. Pp. 96. (Sydney: 
The University, 1974.) 264 

Journal of Urban Economics, Vol. 1, No. I, 
January 1974. Edited by Edwin S. Mills. Pp. 
1~126. Subscriptions: Vol. 1 (4 issues), 1974, $30. 
(New York and London: Academic Press, mae 


Therapeutic Effectiveness of Methadone Main- 
tenance Programs in the USA. By Stephen S. 
Wiimarth and Avram Goldstein, (WHO Offset 
Publication No. 3) Pp. 53. (Geneva: WHO; Lon- 
don: HMSO, 1974.) Sw. fr. 17. 

Smithsonian Contributions to Zoology, No. 149: 
Ecology and Behavior of the Giant Wood Spider 
Nephila maculata (Fabricius) in New Guinea, By 
Michael H. Robinson and Barbara Robinson. Pp. 
iv + 76. $1.45. No. 164; Synopsis of the Families 
and Genera of Crayfishes (Crustacea: Decapoda 
By Horton H. Hobbs, Jr. Pp. iii + 32. 80 cents. 
(Washington, DC: Smithsonian Institute Press, 1973 
and 1974. For sale by US Government Printing 
Office.) {264 
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_ National Research Council 
ciate Committee on 
Environmental 


ASSO- 
Criteria for 
Report, January 
1974. Pp. 50. (Ottawa: NRC, 1974.) $2. {264 


Lavo Geomagnetic Observatory Year Book 
1972. Pp. 36. (Stockholm: Geological Survey of 
Sweden, Section of Regional Geophysics, 1974.) 

1294 

Companhia de Diamantes de Angola JA- 
MANG). Servicos Culturais, Museu dé Dando, 
Publicacoes Culturais No. 87: Subsidios para o 
Estudo da Biologia na Lunda—Estudos Diversos 
(XXX VID. Pp. 186. (Lisboa: Companhia de 
Diamantes de Angola, 1973.) 304 

Deutscher Wetterdienst. 


of Canada. 
Scientific 
Quality-—Status 


1973.) (304 


Canada: Department of Energy, Mines and 
Resources. Geological Survey of Canada. Bulletin 
220: The Stratigraphy and Mineralogy of the 
Sokoman Formation in the Knob Lake Area, 
Quebec and Newfoundland. By L S, Zajac. Pp. 
xi + 159, $5. Bulletin 231: Yohoia Walcott and 
Plenocaris N. Gen., Arthropods from the Burgess 
Shale, Middle Cambrian, British Columbia. By 
H. B. Whittington. Pp. 27 + 18 plates. $3. Paper 
T2—35: Geology of McBride Map-Area, British 
Columbia. By R. B. Campbell, E. W. Mountjoy 
and F. G. Young. Pp. v + 104 (14 plates). $2.50. 
Paper 73-17: Pemberton (East Half) Map-Area, 
British Columbia. By J. A. Roddick and W. W. 
Hutchison. Pp. vi + 21. $2. National Advisory 
Committee on Research in the Geological Sciences 
—Twentieth Annual Report, 1969-1972. (Annual 
Report and Reports of Subcommittees.) Pp. 123. 
$2. (Ottawa: Information Canada, 1973 and 1974.) 

{25 

United States Department of the Interior: 
Geological Survey, Bulletin 1394-F: Four Newly 
Named Tongues of Eocene Green River Forma- 
tion, Northern Piceance Creek Basin, Colorado. 
By D. C. Duncan, W. J. Hail, Jr, R. B. 
O'Sullivan and G. N. Pipiringos. Pp. iii + 13. 
35 cents. Professional Paper 433~L: Distribution 
of Radionuclides in Bottom Sediments of the 
Columbia River Estuary. By D. W. Hubbell and 
J. L, Glenn. Pp. iv + 61 + 2 plates. $1.75. 
Professional Paper 5$29~L: Atlantic Continental 
Shelf and Slope of the United States-—Sediment 
Texture of the Northeastern Part. By John 
Schiee. Pp. iv + 64 + 6 plates. Professional 
Paper 814: Distribution of Selected Elements in 
Surficial Marine Sediments of the Northern Gulf 
of Mexico Continental Shelf and Slope. By 
Charles W. Holmes. Pp. iii + 7 + plate 1 $3.35. 


(Washington, DC: Government Printing Office, 
1973 and 1974.) [35 
Royal Ontario Museum. Life Sciences Occa- 
sional Paper, No. 24: Variation in the African 


Bat, Tadarida lobata, with Notes on Habitat and 
Habits (Chiroptera: Molossidae) By R. L. 
Peterson. Pp. & Life Sciences Contributions, No. 


98: Electrophoretic Patterns of Serum Proteins 
of Neotropical Bats (Chiroptera), By D. Valdi 
vieso and J. R. Tamsitt. Pp. 24. $1.28. (toronto: 
Royal Ontario Museum, 1974.) [75 

United States Department of the Interior: 


Geological Survey. Bulletin 1328: Estimation of 
Petroleum Exploration Success and the Effects 
of Resource Base Exhaustion Via a Simutation 
Model. By Lawrence J. Drew. Pp. iv + 25. 45 
cents. Professional Paper 793: Geology of the 
South Pass Area, Fremont County, Wyoming. Fp. 
Richard W. Bayley, Paul Dean Proctor and Kent 
C. Condie. Pp. iv + 39 + 1 plate. $1.10. 
(Washington, D@: Government Printing Office, 
1973 and 1974.) [78 


United States Department of the Interior: 
Geological Survey. Bulletin 1370: Bibliography 
of North American Geology, 1970, Pp. 1276. 
(Washington, DC: Government Printing Office, 
1973.) $8.70. {75 


United States Department of the Interior: 
Geological Survey. Professional Paper 774~B: 
Hetch Hetchy Reservoir Quadrangle, Yosemite 
National Park, California—Analytic Data. By 
Ronald W. Kistler. Pp. iii + 15. 68 cents. Pro- 





fessional Paper 799: Middle Devonian Rugose 
Corals of the Central Great Basin. By C. W. 
Merriam. Pp. iv + 53 + plates I-14. $1.85. 


(Washington, DC: Government Printing Office, 
1973 and 1974.) [95 


National Research Council of Canada. NRC 
Associate Committee on Scientific Criteria for 
Environmental Quality. A Criteria Digest on 
Radioactivity in the Environment. By H. C. 
Rothschild. Pp. 53. (NRCC No. 13566.) (Ottawa: 
NRCC, 1973.) {155 


National Botanic Gardens of South Africa. 
Report 1972/1973. Pp. 33. (Kirstenbosch, New- 
lands, C.P.: National Botanic Gardens of South 
Africa, 1974.) {185 


World Health Organization. Technical Report 
Series, No. 538: The Selection of Teaching/ 
Learning Materials in Health Sciences Education 
—-Report of a WHO Study Group. Pp. 25. Sw.fr. 
4. Technical Report Series, No. 540: Maturation 


of Fetat Body Systems—Report of a WHO 
Scientific Group. Pp. 33. Sw.fr. 5. (Geneva: 
WHO; London: HMSO, 1974.) [155 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes, 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2. 





APPOINTMENTS VACANT 


DIRECTOR 


The Jackson Laboratory invites applications for 
the position of Director of the Laboratory, which 
will become open on October 1, 1975. Qualified 
applicants are invited to submit a curriculum vitae 
and summary of experience to ane of the following: 

Dr James D. Ebert, Chairman, Search Com- 
mittee, Marine Biological Laboratory, Woods 
Hole, Massachusetts 02543, 

Dr James F. Crow, Member, Search Committee, 
Department of Medical Genetics, University of 
Wisconsin, Madison, Wisconsin 53706, 

Dr Douglas L. Coleman, Secretary, Search Com- 
mittee, The Jackson Laboratory, Bar Harbor, 
Maine 04609, 

AN EQUAL OPPORTUNITY EMPLOYER. 


` 


PROFESSOR OF BIOMETRY 
OR BIOSTATISTICS 


Applicants are invited io apply for a new 
senior faculty position in the Statistical Science 
Division, Department of Computer Science, 
SUNYAB, starting in September 1975. Applicants 
should have an outstanding record of research, 
training and collaboration in the Health and 
Statistical Sciences. Responsibilities include teach- 
ing, developing curriculum for undergraduate 
and graduate courses in Biometry and Statistical 
Science for specialists and non-specialists, and 
active participation in the collaborative activities 
within the Statistical Laboratory. Applications 
from women and minority candidates will be 
especially welcome. Please send curriculum vitae 
to: 

Professor Marvin Zelen, Chairman 
Search Committee 

Statistical Laboratory 

SUNY at Buffalo 

4230 Ridge Lea Road 

Amherst, New York 14236 (8) 





RESEARCH POST AT THE 
OXFORD HAEMOPHILIA CENTRE 


Applications are invited from medically qualified 
graduate scientists with some experience of research 
in some aspect of haemostasis for appointment as 
a member of a small team of Medical Research 
Council staf working at the Oxford Haemophilia 
Centre, under the direction of Dr Rosemary Biggs, 
The successful candidate will be expected to co- 
operate with other members of staff on projects 
already progressing at the Centre and to initiate a 
research project or projects in the general field of 
interest of the work at the Centre. The work of 
the M.R.C. staff is integrated with that of the 
NHS. Clinical Unit, many projects being under- 
taken jointly, and an Honorary Clinical contract 
with the United Oxford Hospitals may be sought 
ata level appropriate for the successful candidate. 
The M.R.C. and N.H.S. staff also work in close 
co-operation with the staff of the Lister Institute 
Plasma Fractionation Laboratory and joint research 
projects may be planned. The appointment will be 
to the M.UR.C, staff on the appropriate scientific 
grade and will initially be for a period gf five 
years with the possibility of renewal at the end 
of this period. Superannuation provision. 

Applications should be addressed to Dr Rose- 
mary Biggs, Director, Oxford Haemophilia Centre, 
Churchill Hospital, Headington, Oxford OX3 7LJ. 

(2) 


Senior 
Toxicologist 


The Toxicology area of the Research Department is expand- 
ing and an experienced Toxicologist is required to take 
charge of a new section. This will entail the planning, 
conduct and assessment of acute and chronic tests in 
rodents and some general pharmacological investigations. 
The person appointed will be expected to maintain close 
liaison with other staff concerned in the safety evaluation of 
new Medical, Animal Health and Crop Protection pro- 


ducts, and to contribute towards technical documents for: 


registration of such products in the U.K. and overseas. 
Publication of results and attendance at scientific 
meetings are encouraged. 


The modern, well-equipped research laboratories and 
associated facilities are located in Nottingham. 


Applicants must have a good honours degree in pharma- 
cology or relevant biological science and, preferably, a 
postgraduate qualification. Experience of working in 
Toxicology and a high standard of scientific report writing 
are essential. 


Starting salary is negotiable and will reflect qualifications 
and experience. Conditions of employment are attractive 
and include good profit sharing and contributory pension 
schemes. Assistance with relocation expenses will be 





granted where appropriate. 


Please write to :—J. F. Pattison, Employment Services, 





The Boots Company Ltd., 
Station Street, 
Nottingham NG2 3AA. 


(9) 


The University of Stellenbosch 


Republic of South Africa 


Senior Lectureship in 
Chemical Engineering 


Applicants must have industrial and/or 
lecturing and/or research experience, 
and must indicate the direction(s) in 
which they specialise or their field(s) 
of research, The scope of work in the 
department is such that an engineer 
with almost any specialised interest in 
Chemical Engineering, will be able to 
lecture on subjects within his 
particular field of interest. 

Duties must be assummed on january 
1, 1975, or as soon as possible 
thereafter. 

Initial salary will be negotiated 
between £4,540 and £5,813 per annum, 
approximately, commensurate with 
experience and qualifications. 

Senior Lecturers in the Faculty of 
Engineering are permitted, on a 
limited scale, to carry out private 


consultation work of a specialised 
nature, 
In addition. the University offers a 
medical aid scheme, pension fund, 
group life insurance, housing subsidy, 
annual leave bonus, generous leave 
benefits and contributes towards 
moving costs of newly appointed staff. 
Applications, giving full details of 
research or teaching experience with 
certified copies of recent testimonials 
and the names and addresses of at 
least three referees, as well as present 
salary, age, marital status and general 
health condition, should, within one 
month of this advertisement, reach the 
Registrar (Academic), University of 
Stellenbosch, Republic of South 
Africa. 

(53) 












Our client is a major British Research Organisation with 
extensive expertise in the field of biomedical sciences. Its 
function is to employ the latest skills, facilities and equip- 


ment to carry out research projects under contract for 


industry, government agencies and international bodies. 


The laboratories are already well established, and are 
committed to a substantial growth and development 
programme over the next few years. In this connection we 
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nior Pharmacologist 


be of particular interest to our client. In addition, candidates 
should have an adaptable and outgoing personality, with 
the ability to sell their ideas and services. 


Salary is negotiable within wide limits and will reflect the 


importance of this position. Benefits include a progressive 


expenses. 


seek an experienced pharmacologist to spearhead the 


existing pharmacology projects, and also to identify and 
exploit new business opportunities in the UK and overseas. 


Much importance is attached to publicising the specialised 
techniques developed in the unit, which currently include 
facilities for advanced psychopharmacological studies in 


discuss the position: 


primates, sensitive test systems for assessing the abuse- 


potential of new drugs and cardiovascular pharmacology. 
The successful candidate will be encouraged to develop 
interrelationships with other specialist research units, both 
within the organisation and outside it. | 


Applicants should be graduates in pharmacology or a 
closely related subject, ideally with a Ph.D. and several 


years’ post-graduate experience in industrial pharmacology. 
A specific knowledge of behavioural pharmacology would 


THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF PHYSICS 
Applications are invited from  experimentai 
physicists for the Chair which was held until his 
death by Professor W. R. Hindmarsh. This is 


the third Chair in the School of Fhysies (the 
others being Geo- and Planetary Physics, and 


Theoretical Physics). Salary in accordance with 
the Professorial Scale (£5,625 by £96 to £5,721 


by £195 to £6,501) with membership of F.S.S.U. 


Further particulars may be obtained from the 
Registrar, the University of Newcastle upon Tyne, 
& Kensington Terrace, NEI 7RU. with whom 
applications (1S copies), giving the names of not 
more than three referees, must be lodged not 
later than August 31, 1974. (Applicants from 
Guiside the British Isles may submit one copy 
imiy} (3) 





SIR GEORGE WILLIAMS 
UNIVERSITY 
MONTREAL, QUEBEC, CANADA 
DEPT. OF BIOLOGICAL SCIENCES 


THREE FACULTY POSITIONS 


Three faculty positions avalable, July 1, 1974; 
i. Associate Professor ($15,400 to $17,000), 2 
Assistant Professors ($12,000 to $15,00) depending 
upon experience and qualifications. Research orien- 
ted persons qualified to teach in one or more of 
the following areas will be considered: Embryology 
Plant Ecology, Biostatistics, Introductory Biology, 
~ PROD. required. Send resume and names of three 
references to: Dr. H. Enesco, Chairman, Dept. of 


_ Biological Sciences, Sir George Williams Univer- 


sity, Montreal, Que. H3G 1M8., (10) 








THE UNIVERSITY OF MANCHESTER 
LECTURER IN BOTANY 
Applications invited for this post. Candidates 
should have special interests in taxonomy and 
. Dlesystematics. Salary scale p.a. £1,929 to £4,548 


_ Gander review), but initial salary will not exceed 
£2,388 pa. ESSU, Particulars and application 


forms (returnable byo July 20th) from the 
Registrar, The University, Manchesjer M13 9PL. 
Quote ref: 136/74/N. (15) 


contributory pension scheme with free life insurance, four 
weeks holiday and generous assistance with relocation 


The laboratories are situated in pleasant countryside near 
a major University city. 


Please write in complete confidence for an application 
form and further literature, or ‘phone if you would like to 


Mr. R. A. Forbes- Leith, Talentmark Limited, 
King House, 5/11 Westbourne Grove, 
London W2 4UA. Tel: 01-229 2266. 


Biomedical and Scientific Consultants 


FOOD HYGIENE LABORATORY 


A.LM.D.T. with experience in Bacteriology. 
The faboratory is concerned with the routine 
surveillance of foodstuffs and the investigation of 
problems associated with food hygiene and food 
poisoning. The successful applicant will be en- 
couraged to take part in research projects which 
include work on the many types or organisms 
now associated with food poisoning. 

The laboratory offers good facilities for study 
towards the special examination in bacteriology. 

Further information or arrangements to visit 
ithe laboratory can be made by telephoning the 
Head Technician, 205 7041. Extension 38. 
Application forms can be obtained from the 
Personnel Officer, Central Public Health 
Laboratory, Colindale Avenue, London NW9 
SHT. (6) 
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UNIVERSITY OF ABERDEEN 
SENIOR LECTURESHIP IN 
ANATOMY 


Applications are invited for above post. The 
successful applicant will be respansible for teach- 
ing and Supervising both medical and science 
Students. Good facilities for research. Possession 
of a medical degree desirable but not essential. 
Post tenable from October, 1974, or as soon 
as possible thereafter. Salary on scale £4,707 to 
£5,844 per annum with appropriate placing. 

Further particulars from The Secretary, The 
University, Aberdeen, with whom applications {6 
copies) should be lodged by August 3, 1974. : 

(25) 


University of London 
CHAIR OF ENVIRONMENTAL 
GEOLOGY AT CHELSEA COLLEGE 


The Senate invite applications for this newly 





established Chair. The person appointed wil! be 


asked to collaborate closely with other Depart- 
ments in the Environmental Sciences, and will 
pilay a leading part in developing both specialised 
and interdisciplinary studies at First and Higher 
Degree levels. Initial salary to be agreed but not 
tess than £5,973 a year, plus £162 London AHow- 
ance. Applications (10 copies} should be received 
not later than July 23, 1974 by the Academic 
Registrar, (N) University of London, Senate 
House, WCE THU, from whom further parti- 
culars may be obtained. (39) 


0) “Talentmark 


(12) 


AVON AREA HEALTH AUTHORITY 

(TEACHING) 
BRISTOL HEALTH DISTRICT 

(TEACHING) 

RADIOTHERAPY CENTRE 

WORKSHOP 

Technician Grade IV or V 

This interesting post includes the construction 

and development of apparatus for patient treat- 

ment and working on the mechanics of highly 

complex treatment machines. Would suit a Tool- 

maker or Instrumentmaker. Qualifications—Engin- 

eering Apprenticeship and either City and Guilds 

Final, O.N.C., H.N.C. or HN.D. Salary Grade V 

£1,308 to £1,677 or Grade IV £1,530 to £1,953, 

depending upon qualifications. 


Student Technictan 

Aged between 16 and 18 years old to train in 
the Bristol Health District (Teaching) Radio- 
therapy Workshop, A very interesting post, the 
work involves precision engineering and plastic 
techniques, Day release for further education. 
someone with 4 ‘O° levels or equivalent preferred, 

Applications. with the names and addresses of 
two referees and full details, should be sent to 
the Administrator, Radiotherapy Centre, Hor- 
field Road, Bristol BS2 8ED. (45) 


UNIVERSITY OF THE WEST INDIES 
BARBADOS 


Applications are invited for fa) SENIOR 
LECTURER or (b) LECTURER IN BIOLOGY. 
tenable not dater than Ist October, 1974. 
Appomtee should have suitable qualifications in 
Biological Science including Biochernistry and/or 
Physiology. 

Salary scales: fa) BDS$18,108-26.730 pa. fb) 
BDS$13.200-20.904 pa. {E1 sterling = BDS$4_8). 
FS.S.U. Unfurnished accommodation at rent of 
10% of salary for maximum of three years, 
thereafter 20% of salary paid in Heu of housing. 
Family passages. i 











Detailed applications (6 copies), 
includiag a curriculum vitae and naming J referees 
should be sent by air mail, as soon as possible 
to the Registrar, University of the West Indies, 
Mona, Kingston 7, Jamaica. Detailed particulars 
are available and should be obtained from the 
sume source when an application is made. ve 

} 
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NATURE CONSERVANCY COUNCIL 
DIRECTOR — ENGLAND 
£7,.279-£8080 (currently under review) 


Applicutions are invited for the mew post of 
Director England of the Nature Conservancy 
Council (NCC). This poste offers outstanding 
gportunities for a candidate with management 
ability and scientific understanding and a concern 
to conserve the wildlife of ihe country. 

The Director will have authority delegated to 
him by the Director of the NCC for activities 
in England. He will work closely with the 
Chairman of the Council’s Statutory Advisory 
Committe: for England and will contribute to- 
wards the Councils policies as a member of 
the Great Britain Board of Management, 

The Director England will have his own 
Headquarters and will direct six Regional Officers 
with responsibility for a staff of [60 and be 
responsible for 67 National Nature Reserves 
and 2,010 Sites of Special Scientifie Interest. 
He must maintain high ievel contact with Cen- 
tral and Local Government Departments and 
Agencies, land managers and users, and a wide 
range of scientific, professional and voluntary 
bodies. 

The post is graded Deputy Chief Scientific 
Officer. Candidates should have appropriate 
scientific qualifications and must have proven 
capacity for management and haison, 

laftially the post will be based m Landon 
with the possibility of relocation at a convenient 
site outside London. The successful candidate 
should take up office as soon as possible. 

Interviews will be held inp London on & 
August. 

Application forms are available from Estab- 
lishments (S}, Nature Conservancy Council, 19 
Belgrave Square, Londen SWIX 8&PY. 

Closing date for completed application farms: 
22 July 1974. (20) 





THE UNIVERSITY OF LEEDS 


PROCTER DEPARTMENT 
OF FOOD AND 
LEATHER SCIENCE 

Applications are invited from chemists, 
biochemists, biophysics, or other suitably 
gualified graduates for the post of 
LECTURER IN FOOD SCIENCE. Evidence 
of ability in research is required. The suc- 
cessful candidate will have teaching res- 
ponsibilities in food chemistry. He will 
join the new Head of Department, Professor 
D. S. Robinson, in establishing research 
into the relation between chemical structure 
and function in foods, in particular in 
relation to proteins. An ability to acquire 
and “apply many different specialised tech- 
niques to the study of protein function 
would be of advantage. 

Salary on the scale £1,929 to £4,548 
{under review). 

Forms of application and further parti- 
culars from the Registrar, The University, 
Leeds LS2 9IT (please quote 40/8/D). Clos- 
ing date August 30, 1974. (29) 





UNIVERSITY OF THE WEST INDIES 
JAMAICA 


Applications are invited for the posts of 
SENIOR LECTURER and LECTURER IN THE 
DEPARTMENT OF PHYSIOLOGY. Appointees 
Should possess a medical qualification or degree 
in Physiology. The duties will include lecturing 
and demonstrating in experimental and human 
physiology. Duties to be assumed soonest. Salary 
scales; (Medically qualified) Senior Lecturer 
J3410,992-14.472 p.a. Lecturer J$7,860-10,752 p.a. 
(Non Medically qualified) Senior Lecturer 
3$10,992-14,472 p.a. Lecturer J$7,860-10,752 pa. 
(£1 sterling = J$2.203. F.S.S.U. Unfurnished accom-~ 
modation will be let by the university at a 
rental of 10% of salary. Family passages, tri 
enmial study leave. Detailed applications (6 
copies) including a curriculum vitae and naming 
3 referees should be sent as soon as possible 
to the Registrar, University of the West Indices. 
Mona, Kingston 7, Jamaica. Further particulars 
are available from the same source and shouid 
be obtained before an application is made. 

(21 





CENTRAL BIRMINGHAM 
HEALTH DISTRICT 
QUEEN ELIZABETH HOSPITAL, 
BIRMINGHAM B15 2TH 
BASIC GRADE BIOCHEMIST 


required in Clinical Chemistry Department. This 
is a new post, for two years in the first ingtance, 
in which at least half the time will be devoted 
-to a research project, 

Job description and application form from 
Assistant Secretary (Personnel) at the above 
address. Closing date for applications July 31. 

(30} 


Scientific 
Officers 


Applications are invited for pensionable posts in the 
following Research Centres of the Department of 
Agriculture, Northern Ireland. | 


Agricultural and Food Chemistry Research Division 


To join a team engaged in research projects in the 
various aspects of agricultural and food chemistry, 
plant and animal nutrition and plant and animal bio- 
chemistry. 


Field Botany Research Division 

To join a team engaged in research on growth and 
physiology of crops especially grasses, mainly in glass 
houses and controlled environmental growth rooms. 


Agricultural and Food Bacteriology Research Division 


To join a team engaged in research and investigational 
work into the bacteriological problems of the agricul- 
ture and food industry, including the microbiological 
examination of various foods and materials. 


Fisheries Research Laboratory, Coleraine 


Two officers are required; one to cover duties in the 
Department's angling development programme, which 
will include surveys of lakes and rivers. Laboratory 
work will include the examination of invertebrate 
fauna and fish samples and subjecting them to appro- 
priate analyses, 


The duties attached to the other post involve assessing 
salmonid production and populations in tributary rivers 
to Lough Neagh and especially in the Foyle system. In 
particular, studies of variations in annual recruitment 
and survival rates are required, 


Candidates must be under 27 years of age on Dec- 
ember 3], 1974 and have a degree, HNC or equivalent 
qualification in an appropriate Scientific subject. Appli- 
cations will also be considered from final year students. 
Ability to drive and swim is essential for the fisheries 
post. 


Salary scale (under review): £1,600 to £2,544, Starting 
salary will be related to qualifications and post- 
qualifying experience. 


There are prospects of promotion to Higher Scientific 
Officer (£2,221 to £2,854), Senior Scientific Officer 
(£2,798 -to £3,895) and Principal Scientific Officer 
(£3,715 to £4,895). 


Please write or telephone for an application form and 
further information, quoting Ref. SB 172/74/N to the 
Secretary, Civil Service Commission, Clarendon House, 
Adelaide Street, Belfast BT2 8ND (telephone 0232- 
44300, ext. 26). Completed forms must be returned to 
arrive not later than july 25, 1974, 


Applicants should state their preference for a particular 
Division. (24) 






CIVIL SERVICE 


NORTHERN IRELAND 




















a 
Biochemist 


Team Leader 


Analyst 
Team Leader 


The Radiochemical Centre has created two posts for qualified 
scientists with experience in biochemistry and analysis. 

The biochemical post calls for the capability of initiating and 

developing quality control techniques for the radioimmunoassay 

and biochemical assay of our radiopharmateuticals. 


The analytical post involves the development of chromatographic 
and other analytical techniques for organic chemicals by modern 
instrumental methods. A knowledge of statistical quality control 
techniques ts desirable. 

Both posts require atleasi an academic qualification of honours 
degree standard and relevant experience is essential, 

The salary would be a minimum of £2500. Generous leave 
allowance, contributory superannuation scheme, staff canteen and 
social club. 

The Radiochemical Centre is a world leader tn the supply of 
radiochemicals and radiopharmaceuticals. H you want further 
information ring Martyn Bishop at Little Chalfont 4444 or write for an 
application form to 


The Radiochemical Centre 


Amersham Bucks 



























. 
vy 







NNN NNN 


l 


ERS 


THE GAMBIA 
Agronomist 


Required by the Department of Agriculture for 2 tours of 12/24 months 
to assume responsibility for the experimental farm and the Agronomy 
section involved in field trials of upland crop production of pre-basic and 
foundation seeds and work on vegetables. 

Candidates should have an honours degree in Agriculture or Agricultural 
Science with at least one year’s field experience in agronomic research. 
Knowledge of Tropical Agriculture would be advantageous. 

Salary in the range £2,270 to £4,350 p.a. which includes an allowance, 
normally tax free, of £1,266 to £2,400 p.a. Terminal gratuity 25°. on basic 
salary only. | 

For a married man with two children paying tax at the standard rate the 
total emoluments described above, including gratuity, approximate to a 
gross (i.e. before tax) UK return of 3,800 to £6,200 and for a single man 
about £3,300 to £5,700 p.a. 

Benefits include: generous leave, paid passages, education allowances, gov- 
ernment quarters at reasonable rentals. A car loan of £600 and an Appoint- 
mnt Grant of up to £200 may also be pavable. 

The post described is partly financed by Britain's programme of aid to the 
developing countries administered by the Overseas Development Admini- 
stration of the Foreign and Commonwealth Office. 

For further particulars you should apply, giving brief details of experience 


Crown a l 


M Division, 4 Millbank, London SWIP 33D, quoting reference number 


MID /740611/NF (27) 
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Guy’s Hospital 
Medical School 


Graduate Research Assistant 


required in Department of Obstetrics and 
Gynaecology far research on fat metabolism 
in pregnancy. Opportunity of higher degree. 
Experience of techniques of lipig analysis 
an advantage. Salary in range £1,569 to 
£1,833 (under review). 


Apply in writing, with curriculum vitae, 
to the Secretary, Guy’s Hospital Medical 
School, London Bridge, SE} YRT. (363 





UNIVERSITY OF THE WEST INDIES 
IAMAICA 


Applications are inviied for the post of LEC- 
TURER/ASSISTANT LECTURER IN MATHE- 
MATICS. Applicants should have teaching und 
research cxperience dn Pure or Applied Mathu 
maies, tenabie 1 October 1974. Salary scaig: 
Leeturer J46 1080, 768. Asistani Lecturer 495.006- 
8.486 pa. (EL sterling = J$2.20). F.S.S.UL Unfur- 
nished accommodation will be dct by the Uni 
versity at a rental of IO% of salary. Famib 
passages; triennial study fdeave. Detailed applica- 
tions (6 eopies) including a curriculum  vRuae 
and naming 3 referees should bu Sent an sonn 
as possible to the Registrar, University of thg 
West Indies, Mong. Kingston 7. Jamaica. Fur- 
ther particulars arc available fram the sume 
source and should be obtained before an apph- 
cation os madu, (23) 
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UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICS 


ft is intended to appoint a University Demonstra- 
tor in the Department of Physics to hold office 
from October 1, 1974 or as soon afier as may be 
convenient. Two of the research groups in the 
Department are concerned with the theory of 
condensed matter and with experimental particle 
physics using bubble chambers, and preference 
will be given to candidates with an Interest in 
working in these fiekls. The teaching dyties are 
not so specialised and importance will be attached 
to the evidence of teaching ability at an under- 
graduate level. The appointment will be subject 
to the Statutes and Ordinances of the University, 
and will be for three years in the first instance, 
with the possibility of reappointment for two 
years. The maximum tenure of a University 
Demonstratorship is five years. 


The pensionable scale of stipends fram October 
1, 1974, is £2,247 p.a., rising by unequal annual 
increments to £2,931, or, if the person appointed 
is oardmariy resident im College. ERIS pa. 
rising by unequal annual increments to £2,832. 


Applications (fen copies}, together with the 
names and addresses of not more ihan three 
referees, should be sent to the Secretary of the 
Appointments Committee of the Faculty of 
Physics and Chemistry, Department of Physics, 
Cavendish Laboratory, Madingley Road, Cam- 
bridge. CBJ OHE. so as to reach him not later 
than duly 29, 1974. (32) 





UNIVERSITY OF SUSSEX 


LECTURER IN 
ENVIRONMENTAL STUDIES 


Applications are invited for the post of 
Lecturer in Environmental Studies in the 
School of Cultural & Community Studies 
from October 1, 1974. Applicants should be 
qualified in the biological or social sciences 
and have a particular interest in Population 
Analysis and Policy. 

Initial salary will be within the range 
£2,118 to £2,757 per annum on the Lecturer 
scale (£2,118 to £4,896 per annum) plus 
Threshoid payments and FSS U. 

Further particulars and application forms, 
retrnable by July 19, 1974, are obtainable 
from the Establishment Section, Office of 
Aris & Social Studies, Arts Building, 
University of Sussex, BRIGHTON FP 
SON (Brighton 66755, ext 712, Miss 
Holland) quoting reference 444/4, BÀ 
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IMPERIAL COLLEGE . 
DEPARTMENT OF ZOOLOGY 
AND APPLIED ENTOMOLOGY 


LECTURERS/ RESEARCH 
FELLOWS IN ZOOLOGY 


Applications are invited for the above 

positions: Preference will be given to 

candidates with interests in Parasitology 

Animal Parasitic Nematodes and their 

“Yeetors) and applied Insect Ecology. The 
“pitial salary will be in the range of £2,118- 
$3,288. (Research Fellows) or £2,118 - £4,896 

{Lecturers} plus F.S S.U. and London 

Allowance (unless based at the field station). 

The positions are tenable from Ist a 

October or later by arrangement. Further 

particulars may be obtained from 

Professor T. R. E. Southwood, Imperial 

College, Prince Consort Road. 

London, S.W.7. To whom applications, 

with the names of two referees, should 

be sent by Ist August. (59) 





THE INTERNATIONAL CENTRE OF 
INSECT PHYSIOLOGY AND 
ECOLOGY 
P.O. BOX 30772, 

NAIROBI 
Kenya 
RESEARCH SCIENTIST 
(ENDOCRINOLOGIST) 

Ref: Res/74/12 


T Applications are invited from young scientists 
with Ph.D. degree or Hs equivalent. 
Requirements: Candidates should have experience 
‘in the field of endocrinology and should have a 
strom background in experimental entomology. 
Tropical experience will be an advantage. 
Responsibilities: Tho appointee will work on re- 
production, development, seasonality, and dia- 
‘pause in the Sorghum . Shootfly. 

Salary: Wil depend on qualifications and experi 
ence, but mot less than K.Shs.44.000/=— per year. 
Other benefits include ten per cent gratuity of 
basic salary earned. a housing allowance, and 
medical insurance, 

Applications, in six copies, should give the 
following information: General education, Pro- 
fessionat qualifications, experience, marital status, 
age, presemt salary and terms of service, reprints 
of any published articles, and names and ad- 
dresses of four referees (including a personal 
references}. Photostat copies of relevant trans- 
cripts, thesis abstracts, and certificates should be 
enclosed, 

Aplications should be addresed to: 

The Administrative Officer, 
ICIPE Research Centre, 
P.O. Box 36772, 
NAIROBI 

Kenya 
to reach him before 3lst July, 1974. S1 





THE QUEEN’S UNIVERSITY OF 
BELFAST 


Lectureship in 
Physical Chemistry 


Applications are invited for the above post 
which is tenable from October 1, 1974 or 
such other date as may be arranged. Appli- 
cants should have some postdoctoral 
experience, including teaching. Research 
interests in the fields of polymer chemistry 
and/or nuclear magnetic resonance spectro- 
scopy would be an advantage. Initial placing, 
which will depend on experience and quali- 
fications, will be made at one of the first 
three points on the lecturers’ scale, £2,118 
to £2,247 to £2,412 rising to £4,896, with 
contributory pension rights under the 
F.S.S.U. The appointment will be subject 
to a period of probation of up to three years 
in duration. Applications should be received 
by August 15, 1974. Further particulars gnay 
be obtained from the Personnel Officer, 
The Queen’s University of Belfast, BT? 
INN, Northern Ireland. 


{Please quote Ref. 74/N,) (52) 










CAMBRIDGE UNIVERSITY PRESS 


SENIOR EDITOR 
PHYSICAL SCIENCES 


The Press requires a senior editor with the ability to expand 
profitably an important physical science list, covering the entire 
range from undergraduate textbeoks to research monographs, He 
will be expected to acquire manuscripts within the Press's overall 
editorial policy; to make and maintain contact with physical 
scientists in university. departments and elsewhere, to establish 
good relationships with existing and potential authors, to brief 
production and marketing departments about new books, and to 
maintain the profitability of the backlist. Qualities required are 
initiative, judgment and flair, administrative skill, a professional 
interest in the sciences, a sense of their likely development, and 
the ability to define and exploit publishing opportunities, Travel, 
at home and abroad, is part of the job. 
















Preferred age 25 to 35; degree in one of the relevant sciences; 
experience desirable in editorial acquisition in the sciences, or in 
undergraduate teaching. 








The starting salary will be fully competitive and is negotiable 
in the light of age and experience, with regular progression, 
Location central Cambridge: contributory pension scheme and 
other benefits: four weeks’ holiday and resettlement expenses. 







The Press is one of the world’s leading scientific publishers. It is a 
department of the University, and is governed by a committee, 
the Press Syndicate, appointed by the University. The Publishing 
Division produces journals, Bibles and nearly 300 new books each 
year, and there is also a large Printing Division. 








Candidates should apply, giving details of age, education, quali- 
fications, career to date and present salary to: 


Dr Alan Winter, Publishing Director, 
Cambridge University Press, 

The Pitt Building, 

Trumpington Street, 

Cambridge CB2 IRP 
































SUPERVISOR 
VACCINE PRODUCTION | 


We need to recruit an additional Supervisor in our Vaccine 
Department to take charge of all aspects of the production of a 
new diagnostic reagent for the detection of hepatitis associated. 
antigen. í y 

There will also be opportunities to take part in advanced 
development work, mainly involving tissue culture techniques, 
within the department which is 85 strong, 


We believe that the post would suit an F.ALM.L.T. or an ALMLT. 
(virology) who has microbiological/biechemical experience, and has 
an interest in production and process development. It would also 
be suitable for a graduate with a year or two of post-graduate 
laboratory experience who now wishes to move into a production 
environment. 

We recognise that the work occupies a relatively narrow sphere 
of activity, but nevertheless is a rapidly evolving discipline, 


Our plant and laboratories are situated in a pleasant location 
on the Kent Coast and we offer the range of fringe benefits to be 
expected of an expanding, international organisation. 


lf you feel that you combine the qualities required for 
production and the inspiration necessary for development 
work, please write, giving brief relevant details to: 
J. E. T. Haile, Personnel Department, Pfizer Limited, 
Sandwich, Kent. (73) 
















NATIONAL COUNCIL FOR SCIENTIFIC RESEAR 


Applications are invited from suitably qualified persons for the posts of: 


BUILDING RESEARCH ARCHITECT 
BUILDING MATERIALS SCIENTIST 
Applicants for the post of Building Research Engineer must be engineers or technologists or architects 
with experience in construction research and development. Residential experience in tropical or 


| 

| 

BUILDING RESEARCH ENGINEER 

| 

| 

| sub-tropical areas of building would be desirab 
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le. The successful candidates will be required to develop 


a building research and development programme geared to the requirements of the Zambian construction 


authorities and industry. 


Professional Officers 
Senior Professional Officers 


be submitted to: 
The Secretary-General, 
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Principal Professional Officers 
Senior Principal Professional Officers 
For Zambians there is a superannuation scheme. Non-Zambians will be paid a gratuity of 25% of 
aggregate basic salary earned during service of not less than thirty months. 

Accommodation will be provided on an economic rental basis but not e&ceeding 10% of basic salary. 
Hard furniture will be provided. For Non-Zambians travel and educational allowances are available 
for minor dependent children attending school outside Zambia. 


Applications giving full personal details, qualifications, experience and naming three referees should 


K3240 x 240 — K4440 
K 4680 x 240 — K5640 
K5840 x 240 — K6800 
K 7000 x 200 — K7600 


National Council for Scientific Research, 


P.O. Box CH. 158, 


Chelston, LUSAKA, Zambia. 
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UNIVERSITY COLLEGE LONDON 
Chemistry Department 
TEMPORARY LECTURER 


Applications invited for the post of Temporary 
Lecturer in Inorganic Chemistry. The successful 
applicant will be expected to carry a normal 
teaching load and to devote the remainder of his 
time to research in inorganic chemistry; he will 
probably have a PhD degree and some teaching 
experience, 

The appointment will start on October 1, 1974 
and be tenable on a yearly basis up to a maxi- 
mum of three years. Salary will be on an 
appropriate point on the lecturer scale. 

Applications giving details of career, qualifi- 
cations and the names of two referees, as soon 
as possible to Mr F. Widdas, Department of 
Chemistry (N), 20 Gordon Street, London WCIH 
QAJ, from whom further particulars may be 
obtained. (41) 


NATIONAL COUNCIL FOR 
SCIENTIFIC RESEARCH 


Applications are invited from suitably qualified 
candidates for the posts of 
CERAMIC SCIENTIST OR TECHNOLOGIST 

Applicants for the past of ceramic technolo- 
gist must have a University degree in ceramic 
technology or equivalent qualifications. The 
successful candidate for the post of ceramic 
technologist will be required to participate in the 
research programme of the Ceramic and Refrac- 


tories Development Research Laboratory. A 
practically minded person is required to meet 
the challenge of developing ceramic products 


from Zambian raw materials. 


Salary according to qualifications and experi- 
ence on the scales 

Professional Officer K.3,240x240-K4 446 
Senior Professional Officer K4,680x240-K 5 640 
Principal Professional Officer K5,840x240-K6.800 


There is a superannuation scheme for Zam- 
bans. Non-Zambians will be paid a graduated 
gratuity of 20% to 30% depending on the length 
of service, 

Applications giving full personal details, quali- 
fications, experience and naming three referees 
should be submitted to: 

The Secretary-General, 
National Council for Scientific Research, 
P.O. Box CH, 158, 
Cheiston, 
LUSAKA, (48) 


Histology 
Technician 


required for Pharmacological and Toxicolo- 


gical Laboratory. Experience essential in the 


preparation and processing of animal tissues. 
Good working conditions. Pension and As- 
surance Scheme. Application forms fram: 
The Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London Ni 
2HB. (71) 





NATIONAL COUNCIL FOR 
SCIENTIFIC RESEARCH 


Applications are invited for an immediate 
vacancy for u SENIOR PRINCIPAL PROFES- 
SIONAL OFFICER IN ANIMAL PRODUCTION. 
ANIMAL PRODUCTIVITY UNIT. 

Applicunts must hold postgraduate 
deurecs in auriculture, animal science, veterinary 
scienee, of animal nutrition, animal physiology 
or animal management, Candidates should have 
extensive practical research experience. The suc- 
cessful candidate will be responsible for develop- 
ing, im relation to the Animal Productivity Rec- 


University 


search Programme, policy on animal product- 
ton rescarch and supervising the work of the 
Research Unit. He would be required, under 


the direction of the Council to collaborate with 
Government Departments and purastaltal organ- 
isations, 

The salary seule is in the range 
x 200-K7600. A gratuity of 20 to 
depending on length of service is paid to norm- 
Zambians. Travel and educational allowances 
are available for minor dependent children. 
Comfortable accommodation with basic furni 
ture will be provided at low rental. 

Applications giving full personal 
fications and cxpericnce and naming three referees 
should be sent to: 

The Secretury-General, 
National Counci! for Scientific Research, 
P.O. Box CH. 158, 
Chelston, 
LUSAKA, 
Zambia. (49) 


of K7.000 
30 per cent. 


details, quali- 


Applicants to the post of Building Materials Scientist must be industrial chemists or engineers with 
wide experience in the production, usage and testing of building materials. The successful candidate 
will be required to establish a building materials laboratory service which will undertake research and 
development and give advice on the production and usage of building materials. 


Salary according to qualifications and experience on the following salary scales: 


(50) 


UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


RESEACH ASSISTANT/STUDENT 


Applications are invited for the post of Research 
Assistant/Student for work on the dynamic stabi- 
lity of axisymmetric bodies at high Mach numbers. 
The work involves the development of a new type 
of aerodynamic facility und the exploitation of 
existing equipment for the measurement of dynamic 
stability derivatives. 

Applicants should possess a good honours degrec, 
or the equivalent, in a subject relevant to this 
research, The salary will depend on qualifications 
and experience. In the case of a Research Assistant, 
the salary will be in the range up to £1,750 
per annum. The successful apphcant will be ex- 
pected to register for a higher degree. 

Applications, incfuding the names and addresses 
of two referces, should be addressed to the Deputy 
Secretury’s Section. The University. Southampton 
SO9 SNH, quoting reference Na/I82/R. 60 





AGRICULTURAL RESEARCH 
COUNCIL 
UNIT OF DEVELOPMENT BOTANY 


Applications are invited from PLANT PHY- 
SIOLOGISTS and BIOCHEMISTS for a two year 
temporary appointment as oa SCIENTIFIC 
OFFICER/HIGHER SCIENTIFIC OFFICER at 
the Agricultural Research Council’s Unit of De- 
velopmental Botany to investigate an aspect of the 
hormonal control of plant growth development. 
Candidates should hold post graduate qualifica- 
tions and have some further experience in original 
research. 

Appointment in grade of Scientific Officer £1.707- 
£2,329 pa. or Higher Scientific Officer £2,221- 
£2,854 pa. Starting salary in accordance with 
qualifications and experience. At last two years 
post graduate experience is required for appoint- 
ment to H.S.O. Superannuation under F.S.S.U. 
with an allowance of 44% of basic salary to off-set 
contributions. 

The unit is attached to the Botany Schoo! of 
Cambridge University and is under the Direction 
of Professor P. W. Brian. Applications should 
be addressed to the Deputy Director, Dr D. J. 
Osborne, Unit of Developmental Botany, ISIA 
Huntingdon Road, Cambridge, CB3 aaa i 
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THE 
UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF CHEMICAL ENGINEERING 


Nature Vol. 





Thermodynamics of Liquid Mixtures 


Applications are invited fram prospective Gradu- 
ates in Physical Chemistry, Chemical Engineer nE 
or related disciplines for research leading to the 
degree of Ph.D. in the feld of thermodynamic 
and physical propertics of Huids. The work is 
associated with the extensive Distillation and Ab- 
sOrplion research carried out im the Department 
and js supported by the S.R.C. For suttably qual- 
fied candidates financial support can be arranged 
at a level kauan 0o SRC. studentships. 
Further detas and application forms may be 
obtained from Professor G. L. Standart, Departe 
ment of Chemica!  Engmeering, ULM ELAT., 
Manchester, M60 IQD. (605 


BRUNEL UNIVERSITY 
DEPARTMENT OF POLYMER 
SCIENCE AND TECHNOLOGY 


LECTURER 


Applications are amivited for the post of 
Lecturer in Polymer Science and Technology 
to teach polymer processing and polymer 
physical properties to students studying for 
degrees in Polymer Technology and Materials 
Science, 


The person appointed will have a good 
degree in an appropriate discipline e.g. Poly- 
mer Technology, and relevant teaching and 
research or industrial experience. A demon- 
strated ability to relate polymer studies to 
the broader study of materiai would be a 
commendation. 


Salary scale (from 1 October 1974) ELTIR- 
£4,896 plus £162 London Allowance. with 
F.S.S$.U. Appointment wil be made at one 
of the first three points on the Lecturer 
stale. 


Postcard for application form and further 


detade to Senior Establishment Assistant. 
Brunel University, Uxbridge, Middlesex UBS 
3PH or telephone UXBRIDGE 37188 exten- 
sion 49. Closing date: I7th July, 1974. 
(S8) 





CHELSEA COLLEGE 
University of London 


The Biophysics Laboratory has a vacancy for a 
LABORATORY TECHNICIAN GRADE ÎR, The 
appointment of a trainee technician would be con- 
sidered. The work involves research into electrical 
properties of biological materia and general teach- 
ing laboratory duties. Qualifications required are 
O.N.C, or equivalent, but two A-levels in appro 
priate Science subjects would be preferable: en- 
couragement wil be given for further study. Salary 
Seale: £1,699 - £1,969 per annum (including London 
Allowance) of for a trainee £973-£1,426 per annum 
(including London Allowance}. Please write, giving 


personal details, to Dr. D. Rosen, Biophysics 
Laboratory, Chelsea College, Manresa Road, 
London. SW3 6LX, (61) 





AGRICULTURAL RESEARCH 
COUNCIL 
UNIT OF DEVELOPMENT BOTANY 
Applications are invited for a two year tempo- 
raty appointment as a SCIENTIFIC OFFICER at 
the Agricultural Research Council’s Unit of De- 
velopmental Botany. The successful candidate would 
he engaged in a supporting role in a small team 
engaged in a study of plant nucleic acids. 
Applicant should have an honours degree in a 
biological subject, preferably Biochemistry, and be 
prepared to work closely with the team leaders. 
Starting salary, in the range £1,707 - £2,329 p.a, 
will be dependant upon qualifications ands expe- 


rience. Superannuation with an allowance ta offset 
personal contributions. 


Apply giving full details of qualifications and 
experience to the Secretary, Unit of Developmental 
Botany, 181A Hantingdon Road, Cambridge CB& 
ODY. (63) 








Islands Protectorate 


staff. 


Salary in scale £2,691— 


gratuity 25%; of basic salary. 


Appointments Officer: 





Senior 
Biochemist 


A leading British pharmaceutical Research 
Organisation has a vacancy for a Senior 
BRiochemist to initiate and direct research 
projects in the areas of pharmacokinetics, 
drug metabolism, molecular pharmacology 
and enzymology in association with the de- 
wgn and development of new medicines. Per- 
sons wih approprigie experience are invited 
to apply in writing for further details to: 
The Secretary, Biorex Laboratories Lid., 
Blorex House, Canonbury Villas, London Ni 
2HB, marking the envelope CONFIDENTIAL. 
(72) 





FISHERIES OFFIC 


With the Department of Agriculture to assist in the development | 
of improved fishing and storage techniques mainly for a 
commercial purposes; advise, train and supervise supporting 


Applicants should have BSc (Biological Science/Zoology/Marine 
Biology) with experience in fisheries management. Practical 
experience preferably in a tropical country. Appointment 2 years. 


£5,834 pa which includes a 
non-gratuitable allowance payable in the United Kingdom 
and normally tax-free, in scale £1,560-—-£3,186 pa. Terminal 


Other benefits include paid leave, free family passages, dide S 
education allowances and subsidised accommodation. A tax 

free appointment grant of up to £200 and an interest free car 
purchase loan of up to £600 may be payable in certain 
circumstances, Applicants should normally be citizens of, and 
permanently resident in the United Kingdom. 


For full details, application form and booklet about the British 
Solomon Islands, please apply giving age and brief details of 
qualifications and experience to:— 


Overseas Development 
Administration 


Room E301, Eland House, 
Stag Place, London SW1E 5DH (84) 















An opportunity in 
PHOTOSYNTHESIS RESEARCH 


at post-doctoral level is available immediately at 
the Department of Biology within a programme 


sponsored by the Deutsche Forschungsgemein- 
schaft at the University of Konstanz Germany. 
The applicant should have the Ph.D. or equivalent 
qualification and should undertake research in 
basic biochemical problems of photosynthetic 
electron transport in green algae. 


Scientists who have some relevant research eae. 


























ee 


perience are preferred, but also those are encou- 


raged to apply who have a thorough training io GS 
biochemistry or possibly. organig 0 00 
chemistry and Hike to work m the field indicated me: 


plant physiology, 


above. 


Please send your application, curriculum vitae. m 


cluding details of previous experience, names of 
two referees, by July 15, 1974, to Professor P. 
Béger, Unit of Plant Physiology and Biochemistry, 
University of Konstanz, 7750 Konstanz, POB 734, 
Germany. (78) 








Brixham 
Laboratory 


Experimental 
Biologist 
or Animal 
Physiologis 


We are looking for a person with a good Honours degree and 
preferably a Ph.D. to work on the investigation of the long 

term effects of conservative substances, including 
bio-accumuiated materiais, found in industrial wastes, on the 
vital processes of marine organisms, 








The work will initially involve the development of suitable 
laboratory techniques for measuring the non-lethal effects of 
pollutants. A good knowledge of chemistry is essential, 


Please write, giving bref details of education and expenence 
to: 


DreV. T.J. Schenk, Head Office Services Dept. 
ICL Ltd, Fulshaw Hall, Wilmslow, Cheshire, 


(102 


THE UNIVERSITY OF SHEFFIELD 
ACADEMIC DIVISION OF PATHOLOGY 


Applications are invited from medically or non medically qualified persons for the 
following posts: 


LECTURER in CHEMICAL PATHOLOGY, tenable from a date to be arranged. 
Interest in hormonal control of calcium metabolism or the endocrinology of cancer 
desirable but not essential. Initial salary in the range (clinical) £2,535 to £3,165 on the 
scale £2,535 to £4,917 or Mon-clinical) £2,118-£2,480 on the scale £2,118 to £4,896. 


LECTURER in TUMOUR IMMUNOLOGY, a new post tenable from. October 1, 
1974, Candidates should have experience in immunochemistry or biochemistry, Work 
will involve characterization and isolation of antigens and marker substances from 
human tumours. Salary scale (clinical) £2,535 to £4,917 or (monclinical) £2,118 to 
£4,896, 


Further particulars (state for which post) from the Registrar and Secretary, the 
University, Sheffield S10 ZTN to whom applications (8 copies) should be sent by July 
31, 1974, Please note reference R105/6. (47) 


UNIVERSITY OF SINGAPORE 


CHEMISTRY 
Applications are invited for teaching appointments in the Department of Chemistry. 


Special consideration will be given to those with teaching/research interests in the field 
of Chemical Engineering and who have appropriate industrial experience. 

Salary in the range S$1,100 to $$3,500 per month depending on qualifications and 
experience, and level of appointment offered. A 13th month annual allowance of one 
month's salary is payable according to University’s regulations. 

Leave, provident fund, medical, housing and other benefits are available. 

Candidates should write to: 

The Registrar, — 
University of Singapore, 
Singapore 10, 
giving curriculum vitae (bio-data), with full personal particulars, and also the names and 
(91) 


addresses of three referees. í 
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BENDIGO INSTITUTE OF 
TECHNOLOGY 
PRINCIPAL LECTURER 

IN ELECTRICAL ENGINEERING 

Applications are sought fram persons suitably 
qualified to Jead the Department of Electrical 
Engineering and to complement the experience and 
imterests of the Head of the Mechanical Enginer- 
ing Department in the development of a degree 
course which has contributions from both fields 
of engineering. 

The appheant should possess a first degree in 
electrical engineering, and be able ta provide evi- 
dence of post-graduate study in the general field 
of control systems. Practical experience of indus- 
trial controls, or their simulation, would be an 
advantage. 

The applicant should have a sound knowledge 
of the state-function and the classical approaches 
to control desizn. Initially, niost control course-work 
would be in the lanter topie. The applicant should 
be willing ta fecture im electrical engineering sub- 
jects outside the contra! field, 

Salary: £15,260 per annum. 

The successful applicant would be expected to 

take up duty prior to the commencement of the 
academic vear, early March 1975, 
The Bendigo Institute of Technology is a College 
of Advanced Education offering tertiary level 
degree and diploma courses acrass a wide spectrum 
of disciplines. The Institute is pleasantly situated 
Of a new XS acre campus six kilometres from 
the ciw centre. Bendigo, located same 150 kik 
metres northwest of Melbourne offers a wide range 
of schooling at primary and scondary levels. 

Further particulars are available on request from 
the Athe Academic Officer, Bendigo Instutute of 
Technology Flora Hill, Bendigo 35450, Victoria, 
Australia, Closing date for applications is 20 Sep- 
tember, 1974. (63) 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL 
SCIENCES 
TEMPORARY LECTURER 
IN BIOCHEMISTRY 


Applications are invited for a temp- 
orary lectureship in Biochemistry, 
tenable for one year from October |, 
1974. Preference will be given to 
candidates with an interest in protein 
or RNA metabolism. 

Salary will be on the University 
Lecturer scale with initial placement 
in the range £2,118 to £3,288 per 
annum, 


Applications including a curriculum 
vitae and the names of three referees 
should be sent to the Secretary of 
Science, Science Office (E), University 
of Sussex, BRIGHTON BNI 9RH 
from whom further details can be 
obtained. (82) 





UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICINE AND DENTISTRY 

DEPARTMENT OF PHYSIOLOGY 

Applications are invited = for a POST- 
DOCTORAL RESEARCH FELLOWSHIP to work 
on problems of nerve-muscle interaction, Candi- 
dates should be interested in using morphological 
techniques while working in close collaboration 
with physiologists. : 

Starting salary up to £2,553 pa. plus F.S.S.U., 
depending on age and experience, 

Applications, with curriculam vitae, naming 
two referees, should be sent to Professor S. M. 
Hilton, Head of the Department of Physiology. 
The Medical School, Birmingham BIS er 

J 





UNIVERSITY OF LIVERPOOL 


Department of Dental Sciences 


Applications are invited from Honours gradu- 
ates in Biology. Biochemistry or a related subject 
for a Research Studentship available in the De- 
partment of Dental Sciences from Ist October, 
1974. The research programme will involve a study 
on the metabolism of hard tissues with particular 
reference to the influence of fluoride on the pro- 
cesses® involved. 

Applications, giving details of age, academic 


qualifications and experience, together with the - 


names of two referees, should be received as svon 
as possible by the Registrar, The University, P.O. 
Box 147, Liverpool L69 3BX. Quote ref. 
RV/276112/N. (87) 


© ef: 300/G/77. (80) 
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PH ARM ACEUTIC AL Our extensive research and development labor- 
atories at Loughborough offer an excellent 

career opportunity for young graduates 

RESEARCH AND interested in contributing to our current research 


| pseu into respiratory and cardiovascular 
DEVELOPMENT diseases 

| | These posts would particularily suit a recent 
graduate with a good honours degree or equiv- 
alent in pharmacology or pharmacy and the 
enthusiasm and ability to carve out a successful 
career in a large, progressive research 
environment. 
An attractive competitive starting salary will be 
offered and excellent conditions of employment 
include a full range of fringe benefits and 
opportunities for movement and advancement 
throughout our R and D function. | 
Please write with brief details of qualifications 
held or expected, and information concerning 
research activities to date: 


A.B. Johnston, Fisons Limited, Pharmaceutical tte 


Division, Bakewell Road, wae 
Loughborough, LA F ~ 
Leicestershire. 





| (73 


UNIVERSITY OF MELBOURNE 
DEPARTMENT OF GEOGRAPHY 


The University wishes to fH the CHAIR OF 
GEOGRAPHY which wil become vacant on Ist 
January 1975. following the retirement of Pro- 
fessor J. Andrews. 

SALARY: SA19.614 per annum. 

Further information, including details of application 
procedure, superannuation, travel and removal 
expenses, housing assistance, and conditions of 


appointment is available on request. All corres- Wellco ge 
pondenae (marked ‘“‘Confidential’’?} should be 


addressed to the Registrar, The University of 
Melbourne, Parkville. Victoria 3052, Australia. 
Further information ‘is also available from the 


Association of Commonwealth Universities (Appts), . 
36 Gordon Square, London WCIH OPP. : 
Applications close on 30 September 1974. o] ® 


(74) 


HANNAH RESEARCH INSTITUTE f abet es nesear 
DEPARTMENT OF APPLIED STUDIES : 


MILK UTILIZATION fc PRET Zauli ae E E 
Aoa sare. aad dor the. pa N The Wellcome Foundation, the Lmuitimiliion pharmaceutical company, 


section-head of the milk utilization group within has interests throughout the world, It is growing rapidly and the majority 


the Department of Applied Studies. This grou : : : : . 2 
is presently working on various aspects Aen hee of the production at Dartford, which is our largest UK site, is for export, 














treatment and stability of milk proteins. the 


physical properties of milk fat and the deteriora. i We require a Senior Scientist to augment the current research 
oF Cae properties of mik eon programme being carried out by the diabetes research unit. This 

ze refrigeration temperatures . : : i i 
Applicants should be qualified a chemistry, ond programme involves basic research into diabetes and genera] metabolic 
some knowledge of the food industry is desirable. l 
They should have considerable research experience ROMS: 
aR ura aE work on various projects | Candidates, male or female, should hold a Ph.D. in one of the following 

The appointment will be made at the SSO level fields: physical, protein or membrane chemistry, At least three years 


(£2,798 - £3,895 plus 4£% compensatory allowance 


for F.S.S.U. payments), which requires candidates postdoctoral experience in a biological field and preyan ability for 


m possess a first or upper second class honours originality, are essential, 

degree and at least four years appropriate post- | i rei 
graduale Patch Experience Apphcations, with a Salary will be in the range £3,549 to £4,869. Conditions of employment 
Ui curriculum vitae an ving th i i i i i 
two referees, should be Sea aa es ie a are attractive and include 4 weeks’ holiday, excellent pension and life 
ugusi to The Secretary, The Hannah Re- surance schemes and generous assistance with relocation expenses 
search Institute. AYR KA6 SHL, Scotland, from p : j P 
whom further information may be obtained. where appropriate, 

(76) 








Please write giving brief career details and quoting reference U/397 to the 


POST-DOCTORAL Fellow required for Scientific 
post (MRC Grade ID in the Division of Pathology 


at the Institute of Cancer Research, to work ‘on Site Personne! Officer (CS), 

aspects of cel ifferentiation with particular res- : Sane 

eee to ae adrenal gland and its tumours, This The Wellcome Foundation Limited, 

work will give experience in methods of® tissue Tempi i 

culture, steroid analysis and radioimmunoassay, pie Hill, 

Salary in scale £2,385 - £3,540 plus. Stage HI and Dartford, Kent. (95) 


threshold awards. Full applications should be sent 
as soon as possible, in duplicate, to the Secretary, 
34 Sumner Place, London SW7 INU, quoting ad 

















Fisons Agrochemical Division, one | 
of the major manufacturers of 
chemicals for crop protection, are 
expanding their programme of 
Research and Development. To 
satisfy part of our needs, we now 
wish to rani a Sentor Research 
Assistant in the Biological Screening 
Department of our Chesterlord 
Park Research Station, near 
Saffron Walden, Essex. 





Ideally, we are seeking either a 
young graduate in the Biological 
Sciences, or someone who expects to 
gr aduate in 1974, as experience is 
Jess important than the ability to fit 
into an existing team. 


As part of thal team, the person 
appointed would be required to 
carry Out insecticide and nematicide 
screening tests to evaluate the 
effectiveness of novel compounds. 


l OFAR PERETE : r and to assist in the culture of the 
: Agrochemical Research insect colonies, including the 





A vacancy has arisen within our expanding organisation at Havant, 
Hants, for a Microbiologist to join a small team involved in the 
microbiological quality control of pharmaceutical nutritional products. 


The candidate should have a degree or equivalent qualifications in 
microbiology, age 25/45 and have at least two years experience. 


Cameron Wolstenholme, 

Director of Personnel & Industrial Relations, 
john Wyeth & Brother Limited, 
Huntercombe Lane South, 


Taplow, Wyeth 
Maidenhead, 
Berks, SL6 OPH. {68} Ad 
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development of methods for new 


species. 


We can offer 4 competitive starting 
salary and our other Company 
conditions af employment are 
amongst the market leaders. 


For further details and an 
application form, please write, 
quoting reference 633/ to: 


Personne! Department, 

Fisons Limited—-Agrochemical 
Division, 

Chesterford Park Research Station, 

Near Saffron Walden 

Essex, CBIG EXL. 





A RESEARCH ASSISTANT is required b 
sartment of Virology for a praeci on respiratory 


infectian. Salary scale £1440 - EJ REI 


250 July 5 





by the 


depend- 


om experience. The post wiuld be suitable or 
graduates in Microbiology of Biviouy wishing to 


experience in Virology and Offers opportu- 


ap abluining higher degrees. 


further information phrase contaci Dr 
Heath. Wirolegy Department, St. Bartholomew's 
Hospital, London ECIA 7BE (Tel 01-606 
Applications in writing to the Personnel Offer 
quoting Ref: R/SS77/N, 


agg anaa aa AEEA i AA RATE meer niece AAAA TATA FT aAa e aana sapere MERIAL RRR RT 


ROTHAMSTED EXPERIMENTAL 


Degree, HNC or equivalent in Chemistry 
KENE, 

Interest in and knowledge of compar program- 
mig 
radiolracers. 

Appoiniment in grade of Scientific Afficer Ergai 
£2,329 (seule undur review). Superannuation with 
SiS 


an advaStage. Work includes the 


Nonepensionable allowance to offset 


butions. 

Applications giving full personal details. 
twos referees, and quotity reference 
Secretary by 26th July. 1974. 


rponn nanaman rnanan muse tects tA AAAA AA yaaan eiLae nA Nee tet A THAR HA 


UNIVERSITY OF WESTERN 


AUSTRALIA Perth 
ASSOCIATE PROFESSOR 


(Royal Perth Hospital) 


R. B. 
TITI. 


RD 


IST go 
m soiis 


A competitive sala ii b id d di d Sigil 

ve salary w e paid depending upon age and experience. IEE ENE 
ee HARPENDEN, HERTS, ALS 2JQ 
The Company offers a non-contributory Pension and Life Assurance Src ean a er 
Sche a it 3 : : : PHYSICAL or INORGANIC CHE! 
Scheme. Assistance with re-location expenses will be considered. pe a cea, Wer tesa epee ERNIE 
Please apply in writing toi- im rulatian to their classificalian and development, 
l and to erop prowth. Minimum qualifications: 


or Roll 


usc pf 


cantri- 


PRATT 


2273 ta 
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CLINICAL BIOCHEMISTRY 


Applications are invited from experienced 
biochemists with appropriate medical or 
sienes Quulificutians for the position of Associate 
Professor in Clinical Biochemistry on the 


staff of 


the University Department of Pathology. The 

l TOXICE ering appointee will be located at the Royal Perth 

JUN IOR TOXICOLOGIST Hospital and will be Head of the Hospital's Dw- 

We shall shortly require an additional graduate to assist the Senior Toxicologist, The partment of Biochemistry, He will purticipate in 
work will ifvelve carrying out a wide range of toxicity tests in various subjects. The person undergraduate and postgraduate touching in Cimi- 
appointed will have a degree in Pharmacology. Veterinary Medicine, or other biological cal Bischemistey and will undertake resvarch and 


science, Experience in toxicology, though desiruble, is mot csscnetal,. Reference No. 0416, 


TERATOLOGIST whe 


A vacancy occurs for a teratologist to carry out evaluations of drugs and environmental 
ghenticals in various subjects. The person appointed will be aged 22-30 years and will be 


FAE J89 paa. 


supervision of M Se, and PhD students. He 
will direct the Hospial Department of Blochermustry 


has a well equipped service luborutory in- 
chiding multi-channel analysers and a computer. 


The salary fer oan Assachute Professor pm 
und a medically qualified appointee 


either an experienced technician in the field, or a graduale seckitg te specialise in would nbo be onthied ta a differential of $43,006 
teratology. Suitable raining will be given where necessary. Reference No, 0924. pma. for clHmicul responsibilities. Benefits include 


superannuation similar to POS S4).. fares to Perth 







CYTOGENETICIST for appointee and dependent family, removal 

i VCR for a cytogencticist to carry out evaluation of drugs and environmental! a ee Bee Bishi oe ee ya 
nammatian cells for mutagenic activity, The person appointed is likely to stating. full personal A A A and 
ears experience in this field. Reference No, 0923. experience should reach the Staffing Officer, Univer- 

: for application form to!— i sity oof Western Australia. Nedlands. Western 
Mrs. M. Moult, Austr@iia, 6009, by 3 August 1974. Candidates 


Inveresk Research International, 

fnveresk Gate, 

we Musselburgh EH21 70B, 

quoting Reference No. {83} 





fox 


dure 


should request three referees to write immediately 
the Staffing Officer. 
Conditions of Appointrnent, application proce- 


and further details are available from the 
ë Association of Commonwealth Universities (Appts). 


36 Gordon Square, London WCIiH OPE, 


(75) 
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AGRICULTURAL RESEARCH 
COUNCIL 
UNIT OF DEVELOPMENTAL BOTANY 


Applications are invited for a three year tem- 
porary appointment as a SCIENTIFIC OFFICER 
at the Agricultural Research Council’s Unit of 
Developmental Botany. The successful candidate 
would be engaged in a supporting role in a small 
team engaged in a study of plant nucleic acids, 

Applicants should have an honours degree in a 
biological subject, perferably Biochemistry, and be 
prepared to work closcly with the team leaders, 
Starting salary, in the range £1,707 to £2,329 p.a., 
will be dependant upon qualifications and ex- 
perience. Superannuation with an allowance to 
offset personal contributions. 

Apply giving full details of qualifications and 
experience to the Secretary, Unit of Developmental 
Botany, ISIA Huntingdon Road, Cambridge CB8 
ODY. (63) 








UNIVERSITY OF READING 
DEPARTMENT OF MICROBIOLOGY 


RESEARCH DEMONSTRATOR 


An unexpected vacancy has occurred for a Re- 
search Demonstrator in the Department of Micro- 
biology, commencing October l, 1974. Applicants 
should have qualifications in microbiology, bac- 
teriology, biochemistry or related subjects and have 
a special interest in the physiology and biochemistry 
of micro-organisms. Applicants should expect to 
demonstrate in practical classes up to 10 hours 
per week during term and to engage in research 
for a higher degree (M UPhil., Ph.D.). Salary scale 
£1,047 by £51 to £1,149 pa. (under review). 
Further particulars from Dr L. J. Zatman, Depart- 
ment of Microbiology, University of Reading, 
London Road, Reading RGI RAQ., (Ref. aa ee 

(96) 





THE CAMPDEN FOOD 
PRESERVATION RESEARCH 
ASSOCIATION 
invites applications for the following post; 
GRADUATE ANALYTICAL 
CHEMIST 


with special responsibility for development of 
automated techniques. Ability to undertake com- 
mittee work, prepare and present reports will be 
required. Knowledge of statistical techniques re- 
garded as essential qualification for post. 

Posts are graded on Research Officer salary scale. 
For further details write to: The Director, Campden 
Food Preservation R.A.. Chipping Campden, 
Gloucegtershire GL55 6LD. (93) 





POSTDOCTORATE FELLOW IN 
IMMUNOGENETICS 


Biochemist/Immunochemist with Ph.D. degree 
needed to work on the genetics of man’s immune 
response toward limiting doses of naturally inhaled 
protein antigens (highly purified components of 
pollens, etc.). Opportunity to join a group which 
has had 3 years experience in this new research 
area. Excellent facilities and stimulating environ- 
mest, Candidate must have a sound background 
in protein purification and characterisation. Ex- 
perience in radioimmunoassay and leukocyte culture 
techniques advantageous. Demnstrated creativity m 
previous research essential. Send detailed curriculum 
vitae, list of publications and names of two referees 
to: Dr David G. Marsh, Johns Hopkins University 
School of Medicine at Good Samaritan Hospitai, 
rie aga Raven Boulevard, Baltimore, Maryland 


Equal Employment Opportunity Employer M/F. 
(92) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


Applications are invited for the following posts 

to commence work on September 2, 1974:—— 

1. TECHNICIAN to work in the microbiological 
laboratories and to help in the preparation of 
materials for culture of bacteria and fungi for 
both teaching and research. Some experience 
of handling microbes is essential. Initial salary 
within a range up to £1,794 per annum (plus 
threshold payments). 

2. TECHNICIAN to help with teaching and re- 
search in ecology. An interest in both field 
work and chemical analytical techniques would 
be an advantage. Initial salary within a range 
up to £1,920 per annum (plus threshold pay- 
ments). R 
Candidates for both these posts should possess 

at least Part 1 C. & G. or O.N.C. and preferably 

H.N.C. Application forms which should be re- 

turned as soon as possible may be obtained from 

the Registrar, The University, P.O. Box 147, Liver- 

pool L69 3BX. Quote ref RV/N/276117. (103) 





NATURE CONSERVANCY COUNCIL 


SCIENTIFIC OFFICERS/ 


HIGHER SCIENTIFIC OFFICERS 
Salary Range £1435-£2854 


Applications are invited for the following three Assistant Regional 
Officer posts: 


South Wales: The ARO will in the first instance be based at Cardiff. He 
will be responsible to the Regional Officer for work in that part of South 
Wales covered by the counties of Gwent and South and Mid Glamorgan. 
The area includes countryside of considerable interest to nature conserva- 
tion but special emphasis will be required on the Council’s activities in 
the urban/industrial districts. 


Hebrides: Based initially in or near Portree in Skye, the ARO will be 
responsible to the Regional Officer for a wide range of conservation duties 
in Lewis, Harris, the Uists and in the Smaller Isles of the Outer Hebrides. 
He will be closely concerned with the management of the National Nature 
Reserves at North Rona and Sula Sgeir, St Kilda, the Monach Isles and 
Loch Druidibeg and the preparation of plans for these and other areas. 


South Strathclyde: Based on proposed new Regional Headquarters near 
Glasgow, the ARO will be responsible to the Regional Officer for a wide 
range of conservation duties in the south Strathclyde area—excluding 


Argyll. He will be closely concerned with the management of the Loch = | 


Lomond National Nature Reserve and the preparation of plans for this 
and other areas. 


Assistant Regional Officer duties include the survey and monitoring of 
wildlife resources, conservation of important nature conservation sites, 
and providing advice to a wide range of organisations. They will be 
expected to collaborate with Local Authorities and other official bodies, 
research and teaching establishments and Voluntary Conservation 
Organisations. 


Candidates should normally be under 30 years of age with a degree (or 
equivalent) in an appropriate scientific subject. A current driving licence 
is essential. . 


Starting salary according to qualifications and experience, 


Application forms and further particulars are available from Establish- 
ments (S) Nature Conservancy Council, 19 Belgrave Square, London 
SWIX 8PY. Please quote reference number E2/01/16. — 


Closing date for completed application forms: August 5, 1974. (85) 


Overseas Development Administration 
Tropical Products Institute, London 


Technologist 


E Research and advisory work on the processing of fats, oilseeds and 
edible nuts in order to assist developing countries to improve and 





utilise these resources m Considerable amount of field work overseas. 
© ist/2nd hons degree or equivalent in chemistry or biochemistry O Ex- 
perience of oilseed technology and of working in tropics an advantage 
0 Age under 32 O Appointment as Senior Scientific Officer (£3026-£4123 
under review, plus threshold payments) O Ref: SA/26/JD. 

© Application forms (to be returned by 26 July 1974), from Miss C A Hall, 
Tropical Products Institute, 127 Clerkenwell Road, London EC1R 5DB. 


ADSS 


CIVIL SERVICE 


















North Western Regional Health Authority 


Regional Administrative 
Scientific Officer 


Owing to the impending retirement of the present incumbent, 


applications are invited for the post of Regional Administrative 
Scientific Officer at a salary of £5,409 rising to £6,648 per annum 
(subject to revision). 

The successful applicant, who will be accountable to the 
Regional Medical Officer, should have appropriate professional 
qualifications in medicine or the sciences and should possess a 
broadly based scientific background. 

This is a large region with three teaching hospitals and the 
Regional Administrative Scientific Officer must have the ability 
to plan, co-ordinate and advise on the development of National 
Health Service scientific services over the whole field of research, 
training, manpower, equipment, building design and service 
planning at regional level. 

Further particulars and application forms to be returned by 
July 20, 1974, are available from the Regional Administrator, 
North Western Regional Health Authority, Gateway House, 
Piccadilly South, Manchester M60 7LP. Please quote reference 


No, 862. 
(110) 





CHIEF 
TECHNICIAN 


At Ewell County Technical College, in the 
Biological Sciences Department. | 


To be responsible for organising the technical 
services, supervising technical staff and con- 
trolling the maintenance of modern equip- 
ment. 





“Applicants Faa have yelevank experience 
and possess qualifications suitable for this 
“important. post. : 


36 hour week; 18 days” Raliday: staff 
restaurant and car park. 


| : Salary: £2,031 to £2,340 according to age. 
ee cH qualifications and experience (currently under 
Š l review). 


Application form from Acting Chief Admin- 
-istrative Officer, Ewell County Technical 
College, Reigate Road, Ewell, Epsom, Surrey. 
Tel: 01-394 1731 (or 24 hour answering 
service). Please quote ref: CAO/E18/CTBS. 


(145) 
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RESEARCH SCIENTISTS 
CAN YOUR CAREER MAKE 
THE GRADE? 


At Metal Box it will, because much of our 
SUCCESS in providing the most profitable packaging 
for our customers’ gouds can be attributed to iar 
Reseurch Department. We are one of the largest 
packaging companies im the world supplying a 
comprehensive international service through sub- 
sidiary and ussociate compunics. 


We now require graduates to embark on a 
satisfving and challenging career in our Corporate 
Research and Developing Department. The work 
covers two different aspects of rescareh— making 
innovative contributions to the Company's product 
range and solving problems arising in the manu- 
fucture and use of current packaging systems. 


N ature Vol 





We are looking for men or women, who have 
first or higher degrees and are interested in 
Materials Science with particular reference to Poly- 
mers, Physies, Physical Chemistry and Metallurgy. 
The posts would ideally be suitubfe for either the 
recently qualified or for people with some post- 
graduate experience, 

ff you're looking for a really interesting cureer 
in a well-established organisation, please apply to: 
The Personne! Manager, THE METAL BOX 
COMPANY LIMITED, Corporate Rescurch Depart- 
ment, Twyford Abbey Road. London, N.W.10. 

(97) 








UNIVERSITY OF IBADAN 
VACANCIES 


Applications are invited from suitably 
qualified persons for the follawing posts: 
DEPARTMENT OF BOTANY 
(JOS CAMPUS) 
fa) Senior Lecturer. 
(b) Lecturers. 
fc) Assistant Lecturer, 


Applicants for Senior Lecturer should 
possess a doctorate degree and should have 
had extensive University teaching experience. 
The applicant will be responsible for the or- 
ganising oof Botany teaching at the Jos 
Campus. 


Applicants for Lecturers should possess 
research experience and a good honours 
degree m Botany. University teaching ex- 
perience will be an advantage. 

Applicants for Assistant Lectureship should 
possess good honours degree in Botany. 


DEPARTMENT OF ZOOLOGY 
OS CAMPUS) * 
_ {a} Lecturers with interest in Invertebrate 
Zoology, Ecology, Genetics or Physiology. 
(b) Lecturer m Vertebrate Zoology. 


An applicant should have a good Honours 
degree and a research degree in Zoology, 
University teaching experience will be an 
advantage. 


DEPARTMENT OF PHYSICS 
(FOS CAMPUS) 
Senior Leeturer/Lecturer/Assistant Lecturer, 
Interest in Geomagnetism,  Tonospheric 
Physics, Solid Earth Physics. Atmospheric 
Physics and Applied Geophysics as well as 


Solid State Physics (Theoretical or Experi- 
mental) will be of advantage. 

Conditions of Service 

Appointments are to commence as soon as 
possible, and successful candidates will be on 
probation for the first three years, but their 
appointments will be confirmed to retiring 
age thereafter if their services were considered 
satisfactory. Passages are paid for family on 
appointment, approved overseas leave and 
terminations where applicable. F.S.S.U./ 
N.ULES.S. Children’s and car allowances. 
Part-furnished accommodation or housing 
aHlowance is provided, 


Method of Application 


Detailed application (4 copies) stating age, 
full qualifications, experience and naming 
three referees by July 31, 1974, to the Regis- 
trar, University of Ibadan, Ibadan, Nigeria, 
from whom further particulars may be 
obtained. i 


Salary Scales: 


Senior Lecturer—-N£5,030 by NE£ISO tū 
N£5,480 by N£270 to N£5.750. 

Lecturer—N£2.760 by NE£ISO to N£3.660/ 
N£3.810 by NEISO to N£4.266 by N£270 to 
N4530 by NEISO to NE4830. 

Assistant Lecturer--N£2.140 by NEIOO to 
N£2.240 by N£220 to N£2.460 by NE£IO0 to 
N£2.660 (if holding a higher degree NEZ 460 
by N£100 to N£2,660). (TT 
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UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF GEOLOGY 
HYDROGEOLOGIST 

An appointment in the grade of DEMONSTRA- 
TOR will be made from October I, 1974, to 
assist with the postgraduate training course in 
Hydrogeology and to work with Mr G. P. Jones 
in. one of the fields of research with which the 
Department is currently engaged. 

Applicants should preferably have had some 
experience or qualification in Hydrogeology or 
Hydrology, and an interesi in teaching end re- 
search. Fhe Demonstrator May register for a higher 
‘degree. Salary range £1.494 to £1,743. Appoimtment 
Will be for two years in the first instance. 

Applicutions, together with names and addresses 
af two referees, as soon as possible to Assistant 
Seéretary (Personnel) CN). University College, 
London, Gower Street, LONDON a 


amei 


THE POLYTECHNIC 
OF CENTRAL LONDON 


SCHOOL OF ENGINEERING AND SCIENCE 
LIFE SCIENCES 
RESEARCH ASSISTANT 
£1,427 to £1,537 


Applications are invited from good Honours 
graduates in Biology for 4 Research Assistantship 
tenable from September 1, 1974. The successful 
candidate will join the Pollution Research Group 
and will investigate the effects of pollutants from 
motorways on aquatic ecosystems. It may be 
possible for the successful candidate to register for 
a higher degrec. 

Details and application form from The Establish- 
ment Officer, PCL, 309 Regent Street, London 
WIR SAL. 01-580 2020 Ext 212. (4113) 


PONE Ere e e a aaaea 


ST. GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
HYDE PARK CORNER, LONDON SW! 


The Department of Medical Microbiology has a 
vacancy for an ELECTRON MICROSCOPE 
TECHNICIAN. The work involves the development 
of diagnostic methods in virus infections and 
research topics related to virology and ta molecular 
genetics, Arrangements can be made for training 
in electron microscopy and related techniques. 
Starting salary in the range of £1,825 to 2095 
Gneluding London Allowance). Application giving 
curriculum vitae ta Professor H. Stern, Department 
of Virology, St. George's Hospital Medical School, 
Hyde Park Corner, London SWI. (144) 


POOO OEA AN aer aoaaa naana 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE CB2 4AT 


TWO RESEARCH POSTS are available for one 
year in the first instance at postgraduate or post- 
doctoral level. The work concerns the hormone 
activity of early embryonic tissue in relation to 
the establishment of pregnancy. Applications are 
invited from a candidate qualified to study the 
ontogency of hormone activity in tissue culture and 
from a biochemist to investigate protein synthesis. 
The salary (scale currently under review} will be 
£1,435 to £2,329 p.a. according to qualifications 
and experience. Superannuation under FSSU with 
a non-pensionable allowance to offset contributions. 
Applications with full details and names of re- 
ferees to the Secretary of [ge Institute, quoting 
reference P.H.4. (105) 





UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 
CHAIR OF ZOOLOGY 


Applications are invited for appointment to the 
Chair of Zoology in the Faculty of Science. Can- 
didates should have high academic qualifications 
and wide experience in teaching and research al 
University level. Administrative experience would 
be an advantage. Subject to academic suitability 
and experience, preference will be given to can- 
didates who are proficient in Bahasa Malaysia 
(Malay) but this requirement is not applicable to 
overseas staff. Ef selected, overseas staff may be 
offered a short-term contract subject to the 
possibility of renewal by mutual agreement, 

Salary scale (approx. stg. equiv.) There is a 
range of basic salaries, to a point on which a 
Professor is appointed, depending on his quali- 
fications and experience. These are £2,919, £3,032, 
£3,146, £3,259, £3,373, £3,486, £3,600, £3,793. 
In addition the following allowances are payable: 
Variable Allowance £243 min. £649 max. pa. 
caleulated at 35% of basic salary. Supplementary 
Housing Allowance £503 p.a., and medical benefits. 

Further particulars and application forgos are 
obtainable from the Association of Commonwealth 
Universities (Appts), 36 Gerdon Square, London 
WCIH OPF., 

_ The closing date for the receipt of applications 
is August 6, 1974, (106) 





HEAD OF 
TISSUE CULTURE 


£3,000 p.a. plus Pension 


Applicant should have a sound theoretical and practical appreciation of the 
problems of tissue and organ culture based on several years postgraduate 
experience and an interest in toxicology and carcinogenicity studies. 


This is a rapidly expanding contract research company located in modern, 
well equipped laboratories in a rural setting within 40 minutes of London. 
Please telephone Stock 840101 for further information or send full career 
details in strictest confidence to the director: 


LIFE 
SCIENCE 
RESEARCH 


Stock, Essex CM4 9PE, England (114) 


o 


INFORMATION 
SCIENTIST 


Borax Consolidated Limited. an international company within the RTZ 
Group, requires an information Scientist far the Information Department at its 
Research Centre in Chessington, Surrey. 

The information team is responsible for providing the Borax Companies 
throughout the world with technical, patents, and commercial information, 

Candidates should have a degres (Cor eauivalent qualification) in chemistry 
or a related field, Previous experience in information work is desirable and 
fluent reading abihty in one or Mofe modern languages will be a distinct 
advantage. 

Every opportunity will be given to the successful candidate for fullest unsaon 
af ability and initiative. 

The post offers an attractive starting salary and cxeclient fringe benefits iclud- 
ing non-contributury pension and life insurance schemes. 





Please write giving a brief outline of your career tois The Personne} Manager, 
Borax Consolidaicd Limited, Borax House, Carlisle Place, London SWIP iHT. 
(9R) 


UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF PHARMACEUTICAL TECHNOLOGY 
RESEARCH FELLOW (CELL BIOLOGIST) 


Applications are invited for the post of Research Fellow (Postdoctoral 
preferred) for two years in the first instance to work on drug effects on 
cultured human cells. 


Salary within the range £2,118 to £2,412 plus FSSU. 


Applications (quoting R24/74) with curriculum vitae and names of two 
referees should be addressed, as soon as possible, to Dr Mary Dawson, 
Department of Pharmaceutical Technology, University of Strathclyde, 
Royal College, 204 George Street, Glasgow G1 IXW, from whom further 
particulars may be obtained (Tel. 041 552 4400 ext 2113). (112) 





XX 


UNIVERSITY OF RIYADH MEDICAL SCHOOL—SAUDI ARABIA 


(In association with the University of London) 


Applications are invited 


from FEMALE 


honours graduates preferably ho'ding a 


doctorate and with teaching experience for the following pasts:-—— 
SENIOR LECTURER/LECTURER IN PHYSICS 
SENIOR LECTURER/LECTURER IN CHEMISTRY 
SENIOR LECTURER/LECTURER IN BIOLOGY 


Since the opening of the Medical School in 1969 oniy male staff and students have 


been accepted. In the 1974-78 academic year, 
of women. Ten premedical female students a 
responsible for 
which has 
also be jointly responsible for examining the 


instance. Appointecs will be 
according to an agreed syllabus 
wil be shared by all Jecturers who will 


a Start is to be made in the medica! training 
re ta be accepted at the School in the first 


a teaching programme for these students 
dircady been prepared. The teaching load 


Students’ progressive attainment and for organising the practical work of the course. 


The basic premedical sciences course will last for approximutgly | 


agademic years. 


In the premedical course the female Students will be taught in segregated classes. but 
in the preclinical and clinical years, classes will be cacducational, 


Salary Scales:— Senior Lecturer Saudi Ryals 4.500 x 200--5.700 per 
Saudi Ryals 3,500 x 200-4.700 per month. 


month. Lecturer 


SR10.000 na. for 


Housing allowance of 


Senior Lecturers and SR 8,000 pa. fer Lecturers, (Present rate of exchange is £1 sterling 


==B.5 Saudi Ryals). In Saudi Arabia currencies ure 


freely convertible and = transferable. 


Appointments are for ome year or longer; renewable, 


Detailed applications (three 


copies) with 


the names of three referees should be 


addressed to the Inter-University Council for Higher Education Overseas, 90-91 Tottenham 
Court Road, Londen WIP ODT, not later than July 26, 1974. (99} 


UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 
Applications are invited for the past of 
LECTURER/ASSISTANT LECTURER 
IN CHEMISTRY 


Appointee should have an interest in Organic 
Chemistry. Salary scale: Lecturer J$6.168 to 39.768 
p.a., Assistant Lecturer J$5,006 to $5,486 pa. (Œi 
sterling==J$2.20). FSSU. Unfurnished accommoda- 
ion will be iet by the University at a rental of 
10% of salary. Family passages: triennial study 
kave. Detailed applications (6 copies) including a 
curriculum vitae and naming 3 referees should be 
sent as soon as possible to the Registrar, University 
of the West Indies, Mona, Kingston 7, Jamaica. 
Further particulars are available from the same 
source and should be obtained before an applica- 
tion is made. (100) 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


SENIOR LECTURESHIP/ 
LECTURESHIP IN GEOGRAPHY 


Applications are invited for the above-mentioned 
post. Preference will be given to candidates with 
qualifications in the Geography of East Asia and 
in either Climatology or the Geography of Trans- 
port. Applications will also be considered from 
persons with systematic specialist interests in other 
branches of physical or cultural geography. 

Salary scales: Commencing salary within the 
appropriate scale will be determined in accordance 
With qualifications and experience. Senior Lecturer: 
NZ38.713 to $10.232 p.a.: in exceptional cases the 
Council may extend this scale up to $11,139. 
Lecturer NZ$6,753 to $8,568 pa. An allowance is 
made towards travel and removal! expenses and 
superannuation is available on an FSSU basis. 

Further particulars, conditions of uppointment 
and application procedure obtainable from the 
Association of Commonwealth Universities (Appts), 
36 Gordon Square, London WC1H OPF. 

Applications close on Jely 31, 1974, (108) 


einen E 
UNIVERSITY OF SYDNEY 
DIRECTOR OF THE 
SAMPLE SURVEY CENTRE 


Applications are invited from persons qualified 
and experienced in the theory and practice of 
sample surveys for the position of Director of the 
Sample Survey Centre. The appointee to this 
position will have professorial status. 

Salary rate: $A19,614 p.a. 

A statement of Conditions of Appointment and 
Information for Candidates may be obtained either 
from Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London WCIH OPF, or from the Registrar, 
University of Sydney, N.S.W. 2006, Australia. 

Applications close on August 15, 1974. (109) 








UNIVERSITY OF SYDNEY 
MARINE STUDIES CENTRE 
FIXED-TERM 
LECTURESHIP IN PHYSICAL OR 
CHEMICAL OCEANOGRAPHY 


Applications from suitably qualified scientists are 
invited for a Fixed-ierm = Leetureship in Physical 
or Chemical Oceanography in the Marine Studies 
Centre, The appointee will be expected to develop 
courses in the principles of physical and chemical 
oceanography to third year students in the Fuculty 
of Science with a background in the biological or 
earth sciences. 

The appointment will commence as early as 
possible in 1975 and will terminate on December 
3}. 1975, in the first: instance. 

Salary range: $A9,002 to $12.352 pa. 

Applications including curriculum vitae, Hst of 
publications and names of three referees, by July 
26, 1974, to the Registrar, University of Sydney, 
N.S.W. 2006. Australia, from whom further 
information is available. (107) 


Sa eae ene eto dere ea RET are ee 
TECHNICIAN 


required to assist in research on cancer and 
immunology in Dept. of Experimental Pathology, 
Previous laboratory experience required. Salary 
depending on qualifications and experience. Apply, 
The Secretary, St. Mary's Hospital Medical School, 
Paddington, London W2 IPG, quoting Ref. EP 2. 
(148) 


art Pdr rere 


UNIVERSITY OF READING 
DEPARTMENT OF CHEMISTRY 
RESEARCH DEMONSTRATORS 


required in inorganic and physical chemistry from 
October 1. 1974. for three year appointment. Can- 
didates should have a good Honours Degree in 
Chemistry, or equivalent qualifications, Demonstra- 
tors help supervise practical classes and undertake 
resvarch leading to a higher degree (M.Phil or 
Ph.D). Salary in the scale £1,046 x St to £1,149 
p.a. (Under review), Apply to Professor G. W. A. 





Fowles, Department of Chemistry, University of 
Reading, Whitcknights. Reading, from whom 
further information about research topics can be 
ubtained. (Ref: T 52.) (147) 








LIVERPOOL POLYTECHNIC 
SCHOOL OF PHARMACY 


SCIENTIFIC ASSISTANT 
IN MEDICAL CHEMISTRY 


Applications are invited for a scientist experienced 
in organie methodology to work on a Project in the 
field of narcotice analgesics approved by MRC. 
Salary £2,100 for a minimum of 3 years which 
muy be supplemented by teaching duties. 

Enquiries and applications ta: Dr. A. F. Casy, 
School of Pharmacy, Liverpool Polytechnic, Byrom 
Street, Liverpool L3 3AF. (146) 


nn 
FELLOWSHIPS AND STUDENTSHIPS 


LEUKAEMIA RESEARCH FUND 
RESEARCH FELLOWSHIPS 


The Leukaemia Research Fund invites applications by August 2. 
qualified graduates, medical or non-medical, 


1974 from suitably 


for a Fellowship in leukacmia research in a 


field of special interest to the Fellow, tenable in France for one year in association with 
ILN.S.E.R.M. A second year’s support in Britain is also offered. Tbe salary in France 


will be up to a maximum of 61,500 French francs per annum. 


Applications, with the 


names of two referees, to the Secretary, Medica! Advisory Panel, Leukaemia Research 
Fund, 61 Great Ormond Street, London WCIN 4J. (88) 
+ 


Nature Vol, 250 July 5 1974 
————_ oO" eet 


RESEARCH STUDENTSHIPS 

Applications are invited for two three-year 
Research Studentships, tenable from October 1, 
1974, at the M.R.C. Dunn Nutritional Laboratory, 
Cambridge, in the following areas: 

(D The relationship between protein metabolism 
and hormonal status in animals subjected to 
Pprotein-eneryy malnutrition. 

(2) The biochemical effects of riboflavin deficiency 
in an experimental animal, to relate the known 
parameters of subclinical riboflavin deficiency with 
biochemical lesions which may have pathological 
consequences. These studies will form part of a 
new programme, the aim of which is to examine 
Various aspects of human gutritional Status in 
relation to the water-soluble vatamins. 


Applicants Should have, or be expecting this 
summer, a first or upper second class honours 
degree, preferably in Biochemistry or Nutritional 


Science, and should send their curriculum vitae and 
names of two referees for (1) to Dr P. G. Lunn 
and (2) to Dr C. J. Bates, at the Dunn Nutritional 
Laboratory, Milton Road, Cambridge CB4 IXI, 
not later than June 30, 1974. {4} 


i a ea a a 
KING’S COLLEGE, CAMBRIDGE 


FELLOWSHIP IN APPLIED 
PROBABILITY THEORY IN 
RELATION TO POPULATION 
BIOLOGY 


Applications are invited for Fellowships in the 
above field, including population and human 
genetics, ecology, evolutionary theory, demography 
and stochastic diffusion processes to be held (from 
October {975 or by arrangement) in the King's 
College Research Centre where computing facili- 
ties are available. Senior (age limit of 32) and 
Junior (age limit of 28 years and not more than 
about 3 years research experience) fellowships 
are available, together with an unrestricted fellow- 
ship which could be held by a senior worker on 
sabbatical leave. Maximum tenure, 4 years. 
Closing dates: October i, 1974, for seniors and 
open; November 15, 1974, for juniors. 

Salary: This is based on age and linked to the 
University lecturer scale. For an unmarried 
Fellow who is provided with free-accommodation 
in the College it ranges at present from about 
£1,500 at age 24 or below to £3,450 at age 36. 
Married Fellows receive £500 more, £625 if they 
have a dependent child or children, 

Details of accommodation, research facilities, 
ete., from: The Convener, King’s College Research 





Centre, King’s College. Cambridge CB2 1ST, 
England. (t1) 








UNIVERSITY OF GLASGOW 
DEPARTMENT OF CELL BIOLOGY 
RESEARCH STUDENTSHIP 
Applications are invited for a research student- 
ship to work on the role of proteins in the 
structure and organisation of cell membranes. 
Candidates should expect to have a ist or upper 

second class honours degree. 

Applications, giving age, experience, and the 
names of two referees, to Dr A. J. Lawrence, 
Department of Cell Biology, University of Glas- 
gow, Glasgow Gli 6NU. 

In reply please quote Ref. No, 3498M. (17) 








UNIVERSITY OF GLASGOW 


Applications are invited for a research student- 
ship to work on aspects of bacterial electron 
transport or nitrogen fixation. Candidates should 
have, or expect to obtain this year, a first of 
upper second chass Honours degree jin an 
appropriate subject, and the successful applicant 
will be expected to register for a Ph.D. 

Applications stating age, qualifications, experi- 
ence, and the names of two academic referees, 
should be sent as soon as possible to Dr R. M. 
Daniel Department of Cell Biology, University of 
Glasgow, Glasgow GII @NU. 

In reply please quote Ref. No. 3491M (IR) 


DOONAN DANENA AAAA A AAAA a aa AAAA aaan aAa 


UNIVERSITY OF KENT 
AT CANTERBURY 


Studentships in Chemistry 

Applications are invited for the following three 
SRC (C.A.S.E) Studentships. 

(D To work with Drs A. V. Chadwick and J. D. 
Wright, in collaboration with the Safety in Mines 
Research Establishment (Dept. of Energy), on the 
effect of gases on electrical properties of semi- 
conducting molecular crystals. 

(2) and (3) To work with Prof E, F. Caldin and 
Dr B. H. Robinson, in collaboration with two 
major oi] company research establishments, on 
the properties and applications of micelles formed 
in non-aqueous solvents, using fast-reaction tech- 
niques, 

Applicants should have good Honours degrees 
in Chemistry. Chemical Physics, Physics (1) or 
Biopfysics (2) and (3). 

Applications should be made to the Assistant 
Registrar, Chemical Laboratory, The University, 
Canterbury, Kent, CT2 7NH., from whom further 
details may be obtained. Closing date July 26, 
1974, Please quote ref. PG 7/74. (35) 







-= WATER POLLUTION 
STUDIES 
Imperial College 
POSTGRADUATE 
STUDENTSHIP 


Applications are invited from 
suitably qualified graduates in Bio- 
logical Sciences, for an S.R.C. Post- 

«graduate Studentship tenable in the 
“Public Health Engineering Labora- 
tory. 


The Research project which the 
succesful candidate will undertake 
comprises part of a programme of 
bacteriological studies intended to 
obtain fundamental information about 
the ecology of the bacterial popula- 

- tions involved in sewage treatment. 

























































» Applications, enclosing a curri- 
culum vitae, should be sent to: 


Dr R. Perry, 

Public Health Engineering, 
Imperial College, 
London, SW7. 


Telephone: 01-589 5111 Ext. 1362. 
(44) 


DEPARTMENT OF PHYSICS 
University of Leicester 
RESEARCH STUDENTSHIPS IN 

X-RAY ASTRONOMY 


Two S.R.C. Studentships. for research leading 
to the Ph.D. degree, are available from October 
1974 in the X-ray Astronomy Group. Research 
opportunities are expected to exist in the follow- 
ing areas: 

i a) analysis and interpretation of data from 
the Group's sky survey and spectro- 
meter-palarimeter experiments on the 
UK-5 X-ray satellite, due for launch 
in September; 

b) experimental work on cosmic X-ray 
racket payloads concerned with the 
mapping and spectroscopy of galactic 
supernovae and close binary sources; 

c experimental and theoretical study of 
the X-ray spectrum and structure of 
solar coronal active regions and flares; 

d) laboratory development of imaging dë- 
vices and readout systems appropriate 
to future X-ray astronomy missions. 

Applications are invited from students in 
Physics, Electrical Engineering or Mathematics 
who expect to obtain a good Honours Degree 
this summer and should be addressed to Professor 
K. A. Pounds at the above address. (16) 





RESEARCH STUDENTSHIP 


available for a graduate (Clags E or 2i) in Bio- 
chemisty to participate in a programme of re 
search on haemoglobin and other blood proteins of 
lower Primates. Apply to Professor N. A. Barni- 
cot, Dept. of Anthropology, University College 
London, Gower Street, London WCIE ak 0) 





UNIVERSITY OF BATH 
SCHOOL OF BIOLOGICAL SCIENCES 


Studentship 


Applications are invited from biochemists and 
microbiologists with a first or upper second 
degree for appointment to an SRC studentship 
for work on yeast membranes and vesicles, Fur- 
ther information can be obtained from Professor 
A. H. Rose, School of Biological Sciences, Uni- 
versity of Bath, Claverton Down, Bath, BA2 a 

(34) 





THE UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 
Department of Biochemistry 


A Science Research Council postgraduate re- 
search studentship, is available either fo work 
in an existing group on the synthesis and regula- 


=o . tion of pyruvate carboxylase in thermophilic bac- 
teria, ar on some related topic in microbial 


‘biochemistry. Applications with the names of two 
referees should be sent to Professor A. A. Eddy, 
Department of Biochemistry, U.M.LS.T., Man- 
- ¢hester, M60 IQD. (67) 













UNIVERSITY OF MANCHESTER 










The Jack Charrington Memorial Fellowship 1974/75 


Applications are invited for the award of The Jack Charrington Memorial = f 
Fellowship from British Subjects, normally resident in the U.K., who are F- 
associated with the Coal Industry or Coal Trades. ode 


The object of the fellowship is to encourage the study of new develop- | ff 
ments associated with the coal industry or coal trades in other countries.” 
with special reference to the application of such developments in they 
United Kingdom. Applicants must nominate the new development and” 
country in which they propose to carry out the study. ee 


The holder of the fellowship will be granted a stipend of up to £5,000 for 
a year’s tenure or proportionately less for a shorter study. In addition. 
travelling expenses will be met. Part of the tenure will be spent in writing a 
report. S 

Applications with full curriculum vitae, a synopsis of the new develop- 
ment and country in which they propose to undertake the study should be 
submitted by July 31, 1974, to the Secretary, The British Coal Utilisatio 
Research Association Limited, Dept. N.I, C/O National Coal Board 
Coal Research Establishment, Stoke Orchard, Nr. Cheltenham, Glos. a 
4RZ. 3) 


















Research Studentship 


at the Institute of Marine Biochemistry, 
Aberdeen 


Applications are invited from graduates with a first of upper- o 
second class Honours degree in biochemistry for a research student- 
ship (3 years) provided by the Natural Environment Research 
Council. The work will be on the biochemistry of cellular an 
humoral immune mechanisms in marine invertebrates and will 
probably centre around the nature and function of constitutive 
glycoproteins. Some collaboration with bacteriologists and virolo 
gists with marine interests is envisaged. The successful applicant 
will be expected to register as a PhD student with the University 
of Aberdeen and will receive a basic grant, currently £695 per o 
annum, plus approved fees. ve 

































Applications to: 


Dr P. T. Grant, 
Institute òf Marine Biochemistry, 
St Fittick’s Road, 

Aberdeen ABI 3RA. 











THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF CHEMISTRY 





POSTGRADUATE STUDENTSHIP 


Applications are invited for an S.R.C.-—C,A.S.E. 
studentship to work on the mechanism of chela- 
tion and demetallisation of metal complexes with 
Dr. J. A. Connor and in collaboration with Dr 
R. Price of LCI. Organics Division. The project 
will involve both preparative organic and imorganic 
chemistry together with the application of physical 
methods of measurement in the elucidation of a 
problem which is of basic importance to transi- 
tion metal chemistry and of significance to the 
dyestuffs and metallurgic industries. Applicants 
should write as soon as possible to Dr. J. A. 
Connor, Department of Chemistry, “University of 
Manchester, Manchester M13 9PL. (54) 


DEPARTMENT OF ORGANIC CHEMISTRY 


Applications are invited for a research stude 
ship to work on chemical modifications of 
lactum antibiotics. The work is supported. 
grant from Beecham Research Laboratorie 
the studentship (£695 p.a. plus fees) is f 
years. The successful candidate, who mu 
a good Honours Degree in Chemistry or an 
lent qualification, will be expected to stu 
the Ph.D. Degree. Pa 

Applications, naming two referees, 
sent to Dr. R. PJ. Stoodley, Dep 
Organic Chenfistry, The University, Newe 
Tyne NRI TRU. as soon as possible. 





















TEESSIDE POLYTECHNICS — 


Research Studentship 


Science Research Council Studentships are available in the Polytechnic for research in 


topics selected from the following: 


Scientific /Engineering Appraisal of the Problems of Sub-Standard Mine Waters 
Synthesis of Novel Nitrogen-heterocyclic Compounds 


Bro-chemical Engineering 
Pollution Studies 


Macroeconomics in Chemical Engineering XX 


Microgeometry of Engineering Surfaces 
Using Correlation 


Flow Measurement 


Techniques 


Computer Animation of Non-Rigid Objects 


Tronmaking in the Blast Furnace 


Control and Instability of Fluid Distribution Systems 
Algebraic Semigroups and mappings of S-sets 


Candidates for these studentships should hold, or expect to be awarded, an upper second 
class honours degree in an appropriate branch of science or engineering, or an equiv- 


alent qualification. 


Further details and application forms are available from the Staffing Section, Department 
N, Teesside Polytechnic, Borough Road, Middlesborough, Teesside TSI 3BA and should 
38 


be returned within 14 days. 


UNIVERSITY COLLEGE CARDIFF 
© CASE. STUDENTSHIPS 


. QA.SE. studentship tenable in the Depart- 
ment of Microbiology, to study the effect of 
Ozone on biorefractory organic materials in 
effluents. 
Microbial Degradation of Petroleum Products. 
The disposal of petroleum products such as 
rolling and cutting oils can involve miero- 
biological treatment. Formulations are complex 
and we need more information on the fate 





of the individual ingredients. 
uo. ° Candidates should possess a good degree in 
- Microbiology or Biochemistry. Applications, 


together with the names and addresses of two 
_ referees, should be forwarded to Professor D. 
Hughes, Department of Microbiology, University 
“College, P.O. Box 97, Cardiff CFI IXP., Please 
quote ref. 0599, (28) 





FELLOWSHIP IN SALMON 
DISEASES 


4 Applications are invited by the Atlantic 
{0 Salmon Research Trust for a Research Fellow 
F. te be based at the Farran Laboratory of the 
| Salmon Research Trust of Ireland. Newport, 
Co. Mayo, Ireland, in association with the 
Unit of Aquatic Pathobiology of the Uni- 
versity of Stirling, with whom the successful 
candidate will be expected to register for a 
Ph.D. Application forms and conditions of 
service are available from the Director. 
Atlantic Salmon Research Trust Ltd.. 29 
South Street, Farnham, Surrey. Completed 
application forms to be received by July 31. 
(90) 





ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 
DEPARTMENT OF BIOLOGY 


POSTDOCTORAL RESEARCH 


Applications are invited „from graduates in 
pharmacology or related subjects for a three-year 
research post at the postdoctoral level, supported 
by The Nuffield Foundation. The project concerns 
the rôle of genetic variation in the ability to 
_ metabolise foreign substances in the mouse. Starting 
date October or November 1974. Technical help 


So wil be available. 


Salary £2,091 to £2,230 
F.S.8.U. Applications, with curriculum vitae and 
two referees, to Dr, I, E. Lush, Department of 
Biology, Royal Free Hospital School of Medicine, 
8 Hunter Street, London WCIN IBP. (94) 


pe a 
_ SCOTT POLAR 
© |© RESEARCH INSTITUTE 
-© UNIVERSITY OF CAMBRIDGE 
RESEARCH STUDENTSHIP 


A research studentship of NERC which involves 


to £2,385 pa. Plus 


C. working for a Cambridge Ph.D. is offered for radio 
-< echo studies of polar ice sheets. Field work involves 
coo Extensive 1 

“Hercules aircraft from the USA. General and com- 


sounding flights over Antarctica jn 
puter analyses of results and development of 
equipment is carried out in Cambridge. Require- 
ments: TE.1 degree in physics, geophysics, electronics 
or engineering. Theses could concerned with 
electromagnetic propagation in or properties, flow, 
ete., of ice sheets or ice shelves, sub ice gedlogy 
and/or associated geophysical problems. 

Please contact Dr Robin, Director, SPRI, Cam- 
bridge CB2 IER. Telephone 022366499 ext 400. 
(104) 





RESEARCH 
STUDENTSHIPS 
Two Co-operative Awards in Science and En- 
gimeuring, will be available from October 1974 


for 3 years. Applications are invited from gradu- 
ates with a good honours degree, 
1. University of Bristol—Research 
Biochemistry 
Applicants should hold an honours degree or 
be about to complete an honours course in 
Biochemistry or Chemistry, to curry outl re- 
starch on protein chemistry of collagen with 
particular reference to the chemical nature of 
stability of the crosslinks stabilising the collagen 
fibres of various Ussues used in gelatin manu- 
facture. The project, which will be undertaken 
in collaboration with the Gelatine Division of 
the British Food Manufacturing Industries Re- 
search Association, wil be supervised by Dr 
A. J. Bailey. 
2. Meat Research Institute--Research Studentship 
A good honours degree and background in 
physiology / biochemistry / pharmacology, would be 
advantageous to join a multidisciplinary research 


Studentship in 


ttam concerned with the physiology of growth 
and development, examining lipid metabolism 
and the effects of lipolytic and  autolipolytic 
agents ino farm animals. The work is expected 


to form a basis of a PhD thesis registered at 


University of Bristol ft will be carried out in 
collaboration with May & Baker Ltd at their 
Vetermary Research Division at Ongar, Essex 
and supervised by Dr D. Lister, 
Further particulars of award and allowances, 
together with a form ef aplication from: 
SECRETARY 
MEAT RESEARCH 
INSTITUTE 
LANGFORD 
BRISTOL, BSI8 7DY (19) 


UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


SPITFIRE MITCHELL MEMORIAL 
STUDENTSHIP 
Applications are invited from holders of good 
honours degrees in Engineering or Science, or 
Mathematics to engage im aimed research in a 
branch of Aeronautics and Astronautics in the 
spirit of the work of the aviation pioneer, R. J. 


Mitchell, in whose memory the Studentship is 
awarded. 
The value of the Studentship, which is for 


two years and may be extended to a third year, 
will be not less than £700 per annum, exclusive 
of fees. Candidates must register for a higher 
degree. Closing date for applications 30th Septem- 
ber 1974. 

Further details and application form may be 
obtained fram:- The Academic Registrar. The 
University, Southampton SQ9 SNH, (56} 





UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL SCIENCES 

Applications are invited from graduates with a 
final or upper second class honours degree in 
Microbiology or in Botany or Biochemistry with 
subsidiary Microbiology for a 


NERC RESEARCH STUDENTSHIP 


to be held for up to three years in the above 


Department for work under Dr. C. M. Brown 
on bacterial interactions in an estuarine environ- 
ment, — 

Applications, naming two referees, should be 
sent to Dr. Brown at the Department of Biolo- 
gical Science. The University, 


DUNDEE DDI 
4HN as soon as possible. (66) 





UNIVERSITY OF BRISTOL 
Department of Anatomy 
POSTDOCTORATE RESEARCH 

FELLOWSHIP 


Applications are invited for a  Postdoctorate 
Fellowship, sponsored by the Medical Research 
Counci, to work in collaboration with Dr D. W. 
Lincoln and Dr Carol A. Mason on the electro- 
physiology of the neurosecretory nuclei of the 
rat hypothalamus, with a view to understanding 





the mechanisms that determine the pulsatile 
release of oxytocin in milk election and labour, 
Previous experience of intra- and extracellular 


recording from single neurones and the computer- 
ised analysis of this data would be useful, though 
not essential. 

The appointment is for one year from Septem- 
ber 1, 1974, renewable for two further years. 
Initial salary up to £2,247 p.a. 

Applications giving details of age, qualifications 
and experience, together with the names of two 
referees, should be sent by July 20 to Dr D, W. 
Lincoln, Department of Anatomy, The Medical 
School, University of Bristol, Bristol BSS ITD, 
from whom further particulars are SAARE 

af) 





LECTURES AND COURSES 


FEBS Advanced Course No. 28 
Rapid Reactions 


in Biochemistry 
Rome, October 21—26, 1974 













This Advanced Course, for 20-25 parti- 
cipants, will consist of lectures and practical 
demonstrations on methods for studying 
rapid reactions, application to biochemical 
systems, and analysis of kinetic data. 


The Course fee of about DM 300 will 
include accommodation and meals. 


Applications should be sent as seon as 
possible to: FEBS Advanced Course, c/o 
Prof. E. Antonini, Istituto di Chimica Bio- 
logica, Citta Universitaria. O0185 Roma, 
Italy, with a copy to Prof. M. Gruber, Bio- 
chemisch Laboratorium, Zernikelaan, Gro- 
ningen, The Netherlands. (7) 












Plymouth Polytechnic , 
PRACTICAL BIOLOGICAL 
ELECTRON MICROSCOPY 

Residential Course 

September 9-14, 1974 

Further details and application forms 
from 


The Secretary, 

School of Environmental Sciences, 

Plymouth Polytechnic, 

PLYMOUTH PL4 8AA. 
j (36) 





MEETING 


NUDE MICE—THEIR HUSBANDRY 
AND USE 


An informal one-day meeting on the husbandry 
and use of the Nude mouse will be held at the 
Medical Research Council, Laboratory Anirnals 
Centre, Woodmansterne Road. Carshalton, Surrey, 
SMS 4EF (Tel: 01-643 8000) on Tuesday, July 16, 
1974. Applications to attend this meeting (for 
which there will be no charge) are invited from 
interested research workers. Numbers will be 
restricted to a total of 40 people. Copies of the 





programme are available from Dr. M. Festing 
at the above address. ea (13) 












Sedimentary Carbonates 


In Two parts by J. D. Milliman > G. Müller - U. Férstner 





By John D. Milliman, Woods Hole Oceanographic Institution, 
Woods Hole, MA 02543, USA 

With 94 figures and 39 plates. XV, 375 pages. 1974 

Cloth DM 66,—; US 325.50 ISBN 3-540-06116-9 


Prices are subject to change without notice 


This is the first integrated discussion of the entire field of marine T 
carbonates, their ecology, precipitation, petrography, composi- dae 
tion, distribution and diagenesis. It deals with those carbonates 
which form and occur within the modern-day marine environment. | 
The book is divided into four parts. Of particular significance 

in the first part is a discussion of the various petrographic and 
mineralogic techniques used in studying carbonates. 

The major portion of the book attempts to synthesize 

the voluminous literature on the calcification, composition and 
petrography of various marine carbonate components. 

Growth rates, mineralogies, minor, and trace-element and stable- 
isotope distributions have been tabulated; the petrography is 
presented in both line drawings and photographic plates. 

The environments and sediments of carbonate deposition are 
covered in the third part; it includes discussions of shelf and 
deep-sea carbonates, subjects rarely mentioned in other texts, 
but which were probably of extreme importance in ancient 
deposits. 

The last part concerns the diagenetic alteration and cementa- 
tion of carbonates in the ocean. Many of the data presented 
here are new or represents original tabulations of various marine 
cements and limestone types. 
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How many times a day do you use 
an adding machine, slide rule or 
scribble calculations on paper? Its a 
slow old business. Slows down 
business too 


What you need are high speed finger 
tip maths as found in the new 
Tektronix 21 and 31 scientific pro- 
grammable calculators 


Tektronix-calculator answers are 
more than instant! They are ready 
and waiting! Built into the 
calculator s mathematical logic 
Even before you tap your problem in ! 


Easy-to-understand data feed-in keys 
labelled with familiar maths symbols 
and plain everyday English make 
these calculators amazingly easy to 
use. Fingertip operation of a data 

key is a complete mathematical 
function in key stroke form. Its that 
simple 


But dont be fooled by the deceptive 
simplicity of these calculators. 

Each packs calculating power so 
great. they solve problems formerly 
‘computer only: And at far less cost! 


What's more the 21 and 31 don't 
just solve problems. They learn them 


from your simple key-English pro- 
gramming. Use the 21 and 31 for 
high speed complex-problem 
answers to different input variables 
Save yourself valuable analytical 
thinking time. Decision-make with 
confidence 


With the silent thermal alphanu- 
meric printer. the 31 will talk to you 
Give hard copy answers and instant 
programme advice. Tell you the how 
where and what of data entry 
Debug, edit and label programmes 


And talking about labels Tektronix is 
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a relatively new name in calculators 
But we've been in electronics for 
25 years. We re international 
precision electronic measurement 
specialists... with some of the best 
scientific minds in the world. So it 
was natural we conceived the 31 

at *£1449 one of the most powerful 
problem -solving-per-£ calculators 
on the market... followed closely by 
its smaller brother the 21 at *£940 


Take a calculated step — fill in the 
coupon, or telephone for full details, 
and a demonstration now 
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Cover picture 
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Lipochaeta genus. Their strange b®- 

haviour has lead to a study, reported, 

on page 167, which shows they are 
_ adapted to an unusual form of feed- 
ing. 
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Guide to authors 


Nature accepts three types of 
communications: 


@ Articles are up to 3,000 words in 
Jength with at most six displayed items 
(figures and tables) and may either be 
reports of major research developments in 
a subject or broader reviews of progress. 


@ Letters are brief reports of 
research of unusual and wide interest, 
not in general longer than 1,000 
words; at most they have three or four 
displayed items (figures and tables). 


@ ‘Matters arising’ permits 
occasional short discussion of papers 
that have previously appeared in 
Nature. A limit of 350 words is 
placed on contributions in this 
category. 


Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
| double spaced. The title should be 
brief and informative. Pages should 
| be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental! detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systéme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to e! 
if ‘a’ is more than one character. 
Articles should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. 


References are indicated by super- 
scripts in the text, The style may be 
gleaned’ from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 
only one reference number need be 
| given. 


(ii) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). - 
“Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text, 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author’s name. Line 
drawings should preferably be in 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 
The originals should be about as wide as 
a page of Nature. Figures, particularly 
| maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling 
on photographs should if possible be 

avoided entirely. . 


| A fuller guide appeared in Nature 
| (246, 238; 1973). l 
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Of course you will. But, with ad- 
vances in electron optics coming so 
often these days, keeping current 
without bending the budget isn’t as 
easy as it used to be. 


in theory, the secret lies in always 
having as much electron optical capa- 
bility as you need... but never any 
more than you need. In finding a 
way to continuously match the job 
to be done with the instruments avail- 
able. in building an ability in elec- 
tron microscopy precisely suited to 
the requirements of today... yet 

fully adaptable to those of to- 
morrow, 





Above 

EM 301G with energy dispersive X-ray 
analyser 

Above centre 

EM 301 S advanced research electron 
microscope 

Above right 

EM 301 with S{TJEM unit gives choice of 
TEM, STEM and SEM images 

Right 

PSEM 500 high performance scanning 
electron microscope 

Far right : 

EM 201 C high resolution (3.5 Aj electron 
microscope 





WILL YOU WANT 
YOUR LABORATORY 
TO BE UP-TO-DATE, 
WITH A MINIMUM 


OF INVESTMENT? 


Too much to expect? Not at all. in 
fact, whatever your needs... now or 
later...there’s a Philips instrument 
for you now! 


Do you want non-specialist opera- 
tors to produce more really high- 
quality micrographs in less time? 
The EM 201C. Do you want to enjoy 
the benefits of SEM without the usual 
complications? The PSEM 500. 

Do you want to do X-ray micro- 
analysis on transmission specimens? 
Try TEAM. Do you want to experi- 
ment with STEM and SEM without 
buying a new instrument? The 

EM 301 plus S(TJEM Unit. 
Quantitative image analysis? 
Quantimet. 














And this list is only part of Philips 
systems approach to the future. 
Read more about it in our 
brochure. 


Philips industries 
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Hedging & fence-sitting 
from the Think Tank 


OnE of the prime skills of the politician is to find the 
right words to ensure that nothing is given away during 
debate. The academic politician, canniest of them all, is 
usually able to find the most eloquent way of keeping 
open all options, and even in response to the most 
mundane question will unearth a convoluted answer. 
“Will all the delegates be coming in to dinner?” the 
Master of a Cambridge college was asked recently. 
“Some , . . but perhaps by no means all” was his reply. 
The Think Tank’s latest offering, Energy Conservation 
(HMSO, £1.00) is replete with such generalised High 
Table fence-sitting. 

The Central Policy Review Staff (CPRS) set itself—at 
least nowhere is there any indication that the idea sprang 
from elsewhere—the task of producing a document for 
public discussion on how energy conservation might be 
achieved. A broad interpretation was put on the words 
‘energy conservation’ and the CPRS included an analysis 
of methods of using replenishable forms of energy as a 
means of conserving fossil-fuel-generated energy. We 
reported last week the outlines of the report. What con- 
cerns us here is whether the CPRS does a good job when 
venturing into such fields and whether energy conserva- 
tion is an appropriate matter for the CPRS to study in 
any case. 

The most striking feature of the report to a scientist is 
the utter lack of any substantiating material for all that 
is said. In the report’s 64 pages it roams widely over 
material as varied as domestic insulation and energy 
from sea waves. The authors (anonymous, of course) have 
clearly done a lot of reading and presumably have also 
been to see many of the scientists and technologists whose 
work forms the basis of the report’s conclusions. Yet 
nowhere is there a single reference to published work, 
nor to a conversation with anyone. As a result it is 
extraordinarily difficult for this document to be a vehicle 
for public discussion. Beautifully manicured paragraphs 
that would have delighted Gowers for their style and 
clarity are no substitute for well documented arguments. 

Consider, for instance, the Severn barrage scheme. 
It is described and dismissed in two paragraphs. 
“Significant environmental benefits are claimed by pro- 
ponents [here follows a list of benefits] . . . They are not, 
however, easy to substantiate and would not appear to 
transform an apparently uneconomic project into an 
economic one ... The long term ecological effects are 
very uncertain.” This may be an elegant way of covering 
a lot of ground but it leaves the reader with too many 
unanswered questions—who are ¢he proponents, why 
are the benefits not easy to substantiate, who is concerned 
with long term ecology? Or again in discussing energy 
storage schemes, “ nevertheless, the widening 


= will be no incisive thinking, since the staff, desiring to- 








differential between nuclear and fossil fuel costs in 
favour of the former may prove sufficient to make at 
least some of these schemes economic.” Some, but 
perhaps by no means all. 

The central question, however, is whether the CPRS 
should be doing this sort of study at all. There are- 
various spurious arguments that can be raised against its 
involvement, such as that the staff cannot possibly be 
technically qualified or that the subject is more properly 
a departmental matter. If a Think Tank is a good thing, 
and we believe it to be so, then it must certainly be 
allowed to do what it wants and to risk offending the 2 
specialist departments. What it must not do, for its own | 
sake, let alone that of taxpayers, is to bite off more than 
it can chew. This it has palpably done in this case. © o0 

Not only is the subject of energy conservation colossal 
in extent, but the CPRS has expanded it even more by 
discussing the economy of the inexhaustible resources. — 
With such a wide field it is almost inevitable that there _ 






















be comprehensive, can have had little time to develop 
expertise in individual areas. The overall impression _ 
that the report gives is of diligent reading—-and there has — 
been ample material to read in the last year—but no | 
very profound thinking. The document bears no marks — 
of being the subject of intensive discussions amongst the. 
staff; indeed it seems instead the sort of thing that at 
academic might produce during a sabbatical year. This, 
surely, is not what the Think Tank should be all about. 
If, in the future, the CPRS does not want to get a- 
reputation amongst scientists for vapid thinking it will — 
have to concentrate its attention much more. 5 


100 years ago 


Ir anyone wants to see how lamentable is the absence of prac- 
tical work in the examination system of the University of Lendon, 
let him get “Questions in Chemistry and Natural Philosophy 
given at the Matriculation Examination of the University of 
London from the year 1864 to Jume 1873, classified according 
to the syllabus of subjects,” by C. J. Woodward, B.Sc. (Simp- 
kin, Marshall, & Co.) We say nothing against the book itself, 
which is a creditable compilation of its kind, but the system 
capable of giving birth to such a text-book must be an unmiti- 
gated encouragement to ‘‘ Cram.” 








From Nature, 10, 215, July 16, 1874. 
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Gamma-ray astronomy: 
the last observational frontier 


On June 10, 11 and 12 a symposium 
on “The Context and Status of Gamma 
Ray Astronomy” was held at the 
ESRIN laboratory in Frascati. The 
rationale behind such a symposium 
under the ESRO banner at the present 
time derives partially from the forth- 
coming launch of COS-B (see Nature, 
249, 398: 1974); but quite apart from 
this slightly parochial incentive it 
turned out that gamma-ray astronomy 
has indeed reached something of a 


landmark recently, and is now likely 


to fullfil some of the promise which it 
has held for so long. 

Certainly throughout the 1970s we 
have heard repeatedly that the big 
breakthrough in gamma-ray astronomy 
‘ig about to be made’. But the difficult- 
ies of first detecting any gamma-rays 
from outside the Solar System and 
secondly deciding from exactly which 
direction they are coming have made 
some of the premature claims ring 
rather hollow in recent years. One re- 
sult of these difficulties has been a con- 
siderable broadening of the accepted 
definition of gamma rays in this con- 
text: some of the data presented at 
Frascati would have been equally well 
suited to a symposium about X-ray 
astronomy. Such definitions are, how- 
- ever, intrinsically arbitrary, and as long 
as the active observers know what they 
mean by gamma rays no harm is likely 
to result from a broadening of the 
definition. 

Ironically, in spite of the intensive 
efforts made to detect gamma ray 
events from outside the Solar System 
the most impressive data gathered so 
far have come from a series of satellites 
designéd to monitor events on Earth. 
These, of course, are the Vela satellites, 
which are intended to detect radiation 
from nuclear explosions on Earth. 
Over the past four years, these satellites 
have not had the opportunity to dis- 
cover many terrestrial nuclear explos- 
ions; but the same laws of physics 
apply to nuclear explosions elsewhere 
in space, where bursts of gamma rays 
are produced, As a result, the various 
Vela satellites have marked all of the 
30 or so gamma ray bursts which have 
been recorded so far. And in only 
a couple of cases was it necessary to 





A recent symposium provided an in- 
sight not only into the present status 
of gamma-ray astronomy, but also 


‘into the conventions of scientific sym- 


posia, as John Gribbin reports. 
a aia EEE EEA 


examine the Vela data in the light of 
evidence gained from other satellites 
before the evidence of the bursts be- 
came clear. 

So gamma-ray astronomy can defi- 
nitely be said to have cleared the first 
hurdle, of detecting something de- 
finite. The second problem has also 
been at least partially resolved since 
the proliferation of satellites equipped 
to detect gamma-ray bursts has made 
direction finding, by a kind of astro- 
nomical triangulation, a feasible pro- 
position. And this, more or less, is 
where the Frascati symposium comes 
in. Other topics were also discussed, 
covering the gamma-ray background, 
low energy gamma-ray astronomy, and 
galactic emission. But to an observer 
from outside the gamma-ray astronomy 
family, the bursts and their interpreta- 
tion provided the dominant interest. 

I. B. Strong (Los Alamos) reviewed 
the observational data concerning the 
bursts, and other contributors elabora- 
ted on specific measurements before 
F. Pacini (Frascati) reviewed theories 


relating to their origin. In both 
branches of the investigation, the 
pioneering nature of gamma-ray 


astronomy was clearly apparent-—but 
the effect of this on experimentalists 
and theoreticians differed greatly. 

In a very real sense, gamma-ray 
astronomy is the last frontie~ of obser- 
vational astronomy. It is now possible 
to observe every part of the electro- 
magnetic spectrum, and the gamma- 


ray region is the last for which practi- 


cal techniques have been developed. 
The observers, many of whom have a 
background in particle physics rather 
than in astronomy, seem somewhat 
overawed by this, and perhaps by the 
long struggle they have had to get 
hold of any worthwhile data. The re- 
sult is that each observation seems to 
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be exhaustively analysed and picked 
over for significance—and the danger, 
of course, is that too much might 
thereby be read into what may well be 
atypical, or even incorrect, data. 

The theoreticians, however, have 
fewer inhibitions. Indeed, a great many 
theoretical astronomers delight in a 
situation where there is just enough 
evidence to make model building 
worthwhile, but not enough to prove 
that their favoured model is incorrect. 
The study of gamma-ray bursts today 
provides a happy hunting ground for 
such theoreticians. 

The fondness of the observers for 
smothering detail extended even to the 
presentation of their contributions at 
the conference. In the most extreme 
cases, we were told openly that al- 
though only a short paper was being 
presented, the version in the published 
proceedings of the conference would be 
much more ‘complete’. That hardly 
seems fair on participants (Some of 
whom had come from the United States 
and Japan), let alone on the humble 
reporter. In addition, many of the 
observations seemed essentially to dupli- 
cate one another, so that we had a 
stream of speakers standing up and 
saying much the same things about 
various events observed by different 
satellites, and showing graphs which 
seemed to Be essentially interchange- 
able, allowing for the largish error bars. 

It this kind of presentation really 
necessary? Clearly, each group must 
present its results and have them pub- 
lished in the proceedings of such a key 
conference, or the holders of the purse 
strings will want to know what is going 
on. But if each group had provided a 
summary of its data, circulated to 
participants in advance, and one or 
two speakers had outlined the implica- 
tions then I feel sure that the sympos- 
ium would have been just as fruitful, 
and perhaps a lot less tedious in parts. 

Much the same could be said about 
most scientific symposia. But in the 
case of gamma-ray bursts such a 
stveamlining of the proceedings would 
have been particularly apt, since only 
about three things are known about 
the bursts. First, they occur about 
seven times a year. Second, they are 
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very sharply defined in time with per- 
haps a double structure. And third, on 
the basis of 12 direction measurements, 
their distribution seems isotropic. 

Of course, much more in the way 
of detailed measurements is available, 
and was presented. But that is just 
about all the evidence on which the 
theoreticians can build their models. 
Nothing daunted, the theoreticians 
have proceeded to do just that, as 
Pacini described. 

The isotropy of the burst distribu- 
tion provides vital information. Either 
the bursts originate nearby (a few 
hundred parsecs from the Sun), or they 
must be extragalactic. The intermediate 
case, of a distribution over a large 
part of our Galaxy, would reveal 
Structure related to the structure of 
the Galaxy. With that proviso, Pacini 
happily listed the models which have 
been proposed: radiation from rela- 
tivistic dust grains entering the 
Solar S¥stem; comets falling into col- 
lapsed stars; traces of “defunct” pul- 
Sars; superflares on stars; supernovae 
in external galaxies; birth of neutron 
Stars; and the “first manifestation” of 
radio outbursts in external galaxies. 

It does not really matter which, if 
any, of these models may turn out to 
be correct. What is significant is that 
theoreticians are prepared to toss such 
ideas into the melting fot, throwing 
them out or revising them as observa- 
tions require. The observers, on the 
other hand, seem to wish to build 
complete detailed models on the basis 
of incomplete data, while justifying 
the procedure with a barrage of sta- 
tistics (not always valid for small sam- 
ples) and the interchangeable, large- 
error graphs which I have already 
mentioned. 

Perhaps this is a result of the lack, 
in some cases, of astronomical training. 
With experiments which simply can- 
not be repeated and the everyday haz- 
«rds of balloon and rocket observations, 
something more of the pioneering atti- 
tude seems to be needed in this last 
frontier of observational astronom®. 
_ But on the other hand, this earnest- 
ness among the observers is really only 
manifested when they get up on their 
hind. legs to address a gathering of 
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Glaxo awards 

JouN Gribbin, of Nature, is among 
the four recipients of Glaxo 
Travelling Fellowships for science 
journalists announced on July 9. 
His award, in the National cate- 
gory, is chiefly for a series of 
articles on the significance of cli- 
matic change; much of this work 
has appeared in The Times Science 
Report and longer articles ap- 
peared in Nature, New Scientist 
and Environment and Change 
during 1973. 

The awards, which are sponsored 
by Glaxo and administered in 
collaboration with the Association 
of British Science Writers, are in 
the form of £500 travel grants; 
John Gribbin will be using his 
award to travel to the United 
States and Canada during the 
autumn, and will be reporting for 
Nature on research into climatic 


their peers. Individually or in small 
groups (especially after lubrication with 
the loca] Frascati wine) they appeared 
as intelligent people with the sense of 
humour needed to cope with the rigours 
of their trade. In some cases, they 
even agreed that their data were really 
rather vague and open to other inter- 
pretations, at least in detail. 

The symptoms are, indeed, very 
similar to those severe cases of jargon- 
ese which result when many people try 
to write a “scientific paper”. In the 
long term, the answer to both problems 
must lie in a basic change of attitude 
in the direction of clarity and honesty 
of communication as opposed to cun- 
ning packaging which can only be in- 
terpreted by the initiated. 

In the short term, since almost every 
scientist is willing to. communicate as 
a human being on a face to face basis, 
saving the ‘scientist’ mask for lecturing, 










John Gribbin (left) lives by the sea — 
at Brighton. j 
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change being carried out there, — > 

John Gribbin joined the staf 
of Nature in October 1970, after 
completing research for a PhD in 
astrophysics at the University of 
Cambridge. In that year, he re- 
ceived the First Award of the 
Gravity Research Foundation of 
New Boston for work on “Using 
Gravity to Determine the Nature 
of Superluminous Astronomical 
Objects”; for most of the past four — 
years he has been in charge of p- 
the Nature-Times News Service, | 
which reports on developments in 
all the sciences. As well as the | 
interest in climatic change which _, 
has led to this award, John Gribbi 
is concerned about the applicatia 
of science to other global pro- 
blems, and is co-author of a book ~ 
on earthquakes and earthquake © 
prediction (The Jupiter Effect) 
which is to be published by Mac- 
millan in September. 


Fellowships in the other three | 


categories (Radio and Television; . | 
Regional; and Trade, Technica 
and House Magazine) go to David 
Wilson (Science Correspondent of _ 
BBC Television News), Judith — 
Hann, a freelance science journalist, | 
and Geoffrey Watts, Deputy Editor |. 
of World Medicine. Miss Hann is . 
the first person to win a Glaxo- 
Fellowship for the second time; the =| 
first occasion was in 1967. bc n 

Last year’s award winners iñ- [| 
cluded John Maddox, then Editor f 
of Nature, in the National cate- 
gory. 7 


a solution might be to cut down on 


formal presentations at symposia, in : 
favour of circulation of papers together ` G 


with ample opportunity for informal 
discussion. At Frascati, more than 50 


talks were on the official timetable 


(covering 2} working days) and more 
were crammed in at short notice. Apart 
from the obvious benefits of a trip 
to Italy in June, it is difficult to see 
how the participants would have been 
less well served simply by reading the 
papers. The advantages of a symposium 
should be personal contact and the 
opportunity to assess the abilities of 


colleagues in the same field who may = 


work on another continent; it seems 
that the time has certainly come when 
a move away from the present system, 
in the direction of the original ‘‘drink- 
ing party’? implications of the word 
“symposium” could well be a good 
thing. 
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international news 





EVER since the United States Supreme 
Court ruled last year that abortion is 
essentially a private matter between a 
woman and her doctor, a coalition of 
organisations campaigning under the 
banner of the ‘Right of Life’ move- 
ment has been trying to make it again 
a criminal matter between a woman, 
her doctor and the courts. The prime 
objective of the campaign is to get 
Congress to pass an amendment to the 
constitution to “protect the life of the 
unborn”, but the chief casualty so far, 
much to the consternation of many 
biomedical scientists, is research of 
human foetuses. 

The list of restrictions which have 
been placed on such research is impres- 
sive. Congress last month passed a 
bill which imposes a four-month ban 
on research on living foetuses while a 
special commission will draw up 
ground rules under which foetal re- 
search should be funded. The National 
Institutes of Health (NIH), which 
claims that it does not support research 
on live, aborted foetuses anyway, 1s 
drafting regulations governing all re- 
search of human subjects, including 
foetuses. An amendment has been put 
into the authorisation bill for the 
National Science Foundation (NSF) 
forbidding that agency to support re- 
search on live foetuses. (Backers of the 
amendment were evidently unmoved 
by protestations that NSF has never 
been in the business of funding foetal 
research, and does not intend to be.) 
On June 26, a bill was signed into law 
in Massachusetts which makes it a 
criminal act for anybody to carry out 
research on living foetuses there. And 
finally, a law has been on the books 
in Illinois for a year now which forbids 
research on all “aborted tissue” in that 
State. 

Aside from the Illinois law, which 
imposes a blanket ban on all foetal 
research, the restrictions and prohibi- 
tions apply chiefly to two areas of 
study, First, they rule out research on 
foetuses aborted during mid-pregnancy 
which are delivered with their hearts 
still beating but which are insufficiently 
developed to remain alive for more than 
a few seconds or minutes. And second, 
they ban most research projects on 
foetuses while they are still in the 
womb. It, is the latter area which is at 
the centre of most of the disputes, for 
research on foetuses in vivo has already 
produced some shortsighted and ill- 
founded conclusions 

At the federal level, the issue of 


Foetal research 
aborted in 
United States 


by Colin Norman, Washington 





foetal research burst into the public 
spotlight last year following newspaper 
reports that NIH was drawing up 
guidelines for research on living foet- 
uses. The day after the report was 
published, Dr Robert Berliner, then 
deputy NIH director for science, told 
about 200 Catholic high school students 
who had descended on the NIH campus 
in protest that “we know of no circum- 
stances at present or in the foreseeable 
future which would justify NIH sup- 
port of research on live, aborted human 
foetuses.” He added that no such re- 
search was then being supported. 

Nevertheless, anti-abortionists in Con- 
gress, led by representative Angelo 
Roncallo, a republican from New 
York, proposed a series of amendments 
to various bills which would have ruled 
out entirely all federal support for re- 
search on living foetuses. It was largely 
to head off such restrictive measures 
that a provision which imposes a four- 
month ban on such research was put 
into a bill dealing with biomedical 
ethics. The bill, which cleared Congress 
late last month, simply states that the 
Secretary of Health, Education and 
Welfare cannot support research on a 
living human foetus, “unless such re- 
search is done for the purpose of assur- 
ing the survival of such foetus”. While 
the ban is in effect, a special Biomedi- 
cal Ethics Commission will draw up 
rules governing such research. 

As for the Massachusetts law, its 
implications were neatly summed up 
last week by Dr Elizabeth D. Hay, 
Professor of Embryology at Harvard 
and past president of the Society for 
Developmental Biology, who pointed 
out that “the federal ban cuts off fund- 
ing for foetal research, but the (Massa- 
chusetts) state law will put you in 
prison for up to five years”. 

Sponsored by William Delahunt, a 
young state legislator, and vocally 
backed by the Boston Citizens’ Com- 
mittee for the right to life, the original 
bill would have ruled out most foetal 
research in Massachusetts, but it 
quickly fell foul of the Boston scientific 
community, which ran an effective 


lobbying campaign to make the 
measure less restrictive. In its final 
form, the bill prohibits research in 
Massachusetts on live human foetuses, 
before or after abortion, but it also 
contains two important exemptions. 
First, research will be allowed if it has 
potential therapeutic value to the 
mother or the foetus and, second, it 
does not ban disgnostic tissue from 
dead foetuses, provided that the 
mother’s consent has been obtained. 

Asked for their opinions on the 
various federal prohibitions and the 
Massachusetts law last week, a number 
of biomedical scientists offered two 
chief observations. The first is that 
foetal research has provided many 
very significant findings, and a good 
deal of direct benefit to public health. 
One piece of research which is often 
cited in that regard is the growing of 
polio virus in cells cultured from foetal 
tissue, for which Dr John Enders and 
Dr Thomas Weller won the Nobel 
Prize in 1965. The second is that it is 
inadvisable to legislate an overall ban 
on any area of scientific research— 
such matters are best dealt with by 
ethical review committees which, 
according to federal regulations, must 
be established to guide research in 
institutions which receive biomedical 
research funds from the government. 

What, exactly, is going to be ruled 
out by the various restrictions? The 
first thing to be said is that the ban on 
research on foetuses whose hearts are 
beating after they have been aborted 
will have little effect in the United States 
because there is very little of that kind 
of research going on there. For one 
thing, the usual method of abortion 
during the second trimester is saline in- 
jection which usually kills the foetus. 
Some research on foetal circulation and 
on the development of the immune sys- 
tem has, however, been carried out by 
American scientists in Scandinavia, 
where the preferred method of abortion 
during later stages of pregnancy is 
Caesearean section, and the federal ban 
will clearly rule out all NIH funding 
of such studies. 

According to Dr David Nathan, a 
scientist at Boston’s Childrens’ Hos- 
pital, and a leading opponent of the 
Massachusetts legislation, the chief 
result of the various prohibitions will 
be “two serious losses, one in the area 
of foetal pharmacology, and the other 
in the screening of teratogens and 
dangerous drugs”, both of which will 
be ruled out by the bans on research 


Nature Vol. 250 July 12 1974 


95 





THe launching of the space station 
Salyut 3 on June 24, 1974, and the 
successful docking with it of Soyuz 14 
and the transfer of the two-man crew 
on July 5, marks a resumption of the 


Soviet programme of manned orbital 
space stations which was tragically 
interrupted in June, 1971 with the 


death of the three-man crew of Salyut | 
during re-entry. 


In the three year moratorium, modi- 
fications have been made both to the 
Salyut station itself, and to the Soyuz 
programme which supports it. The re- 
designed Salyut was officially flight- 
tested (unmanned) during April 1973. 
This craft incorporated modifications 
to the solar panels (three panels rota- 
table through 180°, instead of the previ- 
ous four) and to the optical ground- 
viewing systems. In addition to this 
“official” test (Salyut 2), other craft of 
the series have almost certaintly been 
tested, unnamed, under the cover-all of 
the Kosmos programme. 


The Soyuz, too, was almost certainly 


tested out as a number of Kosmos 
satellites (numbers 496, 573, 613. in 
particular, are widely considered to 


have been unmanned Soyuz craft) be- 
fore manned testing was resumed with 
Soyuz 12 (launched September 29, 1973 
—u two-day flight) and Soyuz 13 
(laurched December 18, 1973—an eight- 
day flight). 


The principal modification to the 
resumed Soyuz programme was the use 
of a two-man, rather than a three-man 
crew. ‘In view of the cause of the Salyut 
| tragedy—the failure of a seal and loss 
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Cosmonauts Popovich and Artyukhin reporting ready for take-off on July 4th. 





of cabin pressure during re-entry, this 
is almost certainly intended as an 
additional safety precaution, providing 
the additional space needed for the 
crew to wear spacesuits during re-entry. 
This policy is continued with the latest 


flight, and it is significant that the 
Pravda picture of cosmonauts Pavel 
Popovich and Yurii Artyukhin, 
apparently inside the Soyuz cabin, 


shows them in space suits. 

The official aims of the test accord- 
ing to the Tass reports are: “Further 
elaboration of the improved construc- 
tion of the station and also of the on- 
board systems and apparatus, and the 
conducting of scientific and techno- 
logical investigations and experiments 
in cosmic flight”. This includes observa- 


tions of geomorphological features of 


the Earth's surface and atmospheric 
phenomena, investigation of the 
physical parameters of space, and 


medical and biological studies of the 
effect of “the factors of space flight on 
the human organism and the “deter- 
mination of rational regimes of the 
crews working” on board. 

This last aim seems to be of particu- 
lar significance in view of the joint 
Apollo-Soyuz mission planned for next 
year. Although the official aims make 
no specific mention of this, the timing 
of the flight, to coincide with President 
Nixon’s visit, is surely intended to imply 
that the Soviet preparations for the 
joint United States-USSR mission are 
well in hand. 


aaO 


on foetuses before induced abortion. 

Specifically prohibited will be 
research projects which, for example, 
involve the administration of drugs or 
vaccines tO a pregnant woman 
scheduled to undergo an abortion, in 
order to see whether they cross the 
placental barrier and affect the foetus. 
Such studies have, however, produced 
some extremely important findings. 

A study carried out in Helsinki and 
reported in 1972, for example (Vaheri 
et al., New Engl. J. Med., 286, 1071: 


foetus through the placenta. 

It is also worth pointing out that four 
doctors are now awaiting trial on 
criminal charges arising from a re- 
search project they conducted at Bos- 
ton City Hospital in 1971 and 1972. 
The study consisted of administering 
antibiotics to 33 women about to 
undergo abortions to see which was the 
most effective in crossing the placenta. 
The idea was to find the best drug to 
use in place of penicillin to clear up 
foetal infections. But the four doctors 


position in which it would be difficult 
to change her mind about having an 
abortion. And for another, it consti- 
tutes research on a human being (the 
foetus) without its consent, which is 
contrary to every code of biomedical 
ethics including the Nuremburg Code, 
which was promulagated in response 
to Nazi medical experiments. Such a 
view point rests, however, on the 
assumption that life begins at concep- 
tion rather than at any other stage of 
foetal development—an issue which 


1972) showed that virus from rubella were charged earlier this year with was deliberately left vague by the 
vaccine can cross the placenta and infringing an obscure 19th century Supreme Court when it issued its 
enter the foetus. The research, which Massachusetts law which was originally historic abortion decision last year. 

consisted of vaccinating ten women designed to prevent grave robbing. Dr Michael N. Oxman, a virologist 
before they had abortions and analysing Although Delahunt said last week that at the Childrens’ Hospital Medical 
the foetal tissue for signs of rubella his bill was in no way connected with Center in Boston, argues, however, 
virus, was described by a Harvard those indictments, it is clear that if the that a ban on foetal studies in vivo 
scientist last week as “fantastically grave robbing law is found ineffective “creates a situation where children are 
important”, since it provides very in preventing such research projects the going to be put at risk rather than 
strong evidence against vaccinating new Massachusetts law will certainly foetuses which are going to be 
women during early stages of do the job. aborted”. He pointed out that if a 
pregnancy. The research was partėcu- Two chief arguments have been vaccine or a drug administered during 


larly significant since previous studies 
had indicated that the virus from the 
rubella vaccine does nòt cross to the 


raised against such research, for one 
thing, it puts the mother who has con- 
sented to take part in the study in a 


pregnancy crosses the placenta and 
harms the foetus, it would be better to 
know about it through research on 
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| What that 





| treaty means 


| Brezhnev signed a treaty on the Limita- 
| tion of Underground Nuclear Weapons 
Tests. It was probably the most 
substantial arms-control agreement to 
come from Mr Nixon’s visit to Moscow 
and it bears some scrutiny. 

@ it is bilateral. There is no pro- 
vision for any further country to 
attach itself to the treaty. 

@ After March 31, 1976 the yield of 
tests may not exceed 150 kilotons, The 
wording indicates that the United 
| Kingdom, for instance, would not be 
| allowed to test more than 150 kilotons 
| on United States property. 
| © ‘National technical means’ will be 


E | used for monitoring and neither party 
| will interfere with the other party’s 


means. This leaves much obscure, par- 
ticularly the question of what could be 
regarded as interference. If a test of 
200 kilotons is fired in an appropriate 
environment to reduce the apparent 
| yield as seen by a seismometer to 150 
| kilotons, is this interference? 


@ Peaceful explosions are excluded 
| from the ban; negotiations on these 
| will continue. 


|. @ The treaty must be ratified. 


© @ Data shall be exchanged on the 
geological and geophysical environment 
of present test sites and of any future 
site. A tall order for an area as compli- 
cated as southern Nevada. 


@ Locations of tests shall be ex- 
changed after firing. But the United 
States, and doubtless the Soviet Union, 
test many devices much too small to 
be monitored by national technical 
means. Are these to be included? 


foetuses about to be aborted rather 
than through damage to children. 

As for the exemptions in the Massa- 
chusetts legislation, opinion is divided 
on how effective they will be in allow- 
ing potentially valuable research to 
take place. Nathan, who last week 
praised Delahunt’s willingness to com- 
promise on the bill, welcomes the pro- 
vision which allows research on diog- 
nostic techniques likely to be of value 
to either the mother or the foetus. The 
exemption will allow research aimed, 
for example, at developing a foetuscope 
capable of ‘taking foetal samples for 
the diagnosis of such diseases as cystic 
fibrosis and Cooley’s anaemia. 

-= But other researchers have pointed 
out that many valuable techniques and 
research findings have been developed 


oe _ from. research which at the time it was 


conducted had little potential benefit 
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® Yields of two tests in each geo- 
physically distinct area will be 
exchanged for calibration purposes. 


Reaction amongst those with a 
long-term interest in a test ban has 
been bitter. The treaty is blatantly 
bilateral—there is no provision that 
any of the data exchanged need get 
beyond Kremlin and Pentagon files. 
The extraordinary length of time 
before the treaty comes into force per- 
mits no end of significant tests to be 
performed at leisure. The threshold is 
much higher than anyone had believed 
possible. The figure shows testing 


for that particular pregnancy. The 
technique of amniocentesis—removal 
of fluid from the amniotic cavity— 
which has led to identification of more 
than 50 diseases before birth, for 
example, was used first to measure 
intrauterine pressure during labour, 
and would probably never have been 
developed under the terms of the 
Massachusetts law. That piece of re- 
search would definitely have been ruled 
out under the terms of the federal ban 
on foetal research since it was not 
aimed at “assuring the survival” of the 
foetus. 

Finally, many researchers are con- 
cerned that restrictions in foetal re- 
search, particularly when they carry 
possible criminal penalties—the Massa- 
chusetts law makes live foetal research 
a crime punishable by 1-5 years in 
prison——-will drive good scientists away 


activities for the last four years. It is 
difficult to relate yield to seismic 
magnitude in a unique way, because 
of varying geological environments, but 
a value of 5.9 might roughly represent 
150 kilotons. It is obvious how much 
testing will still be permissible. But the 
thing which most people are perturbed 
about is the way this treaty appears to 
close out, at least for the immediate 
future, any thought of a comprehen- 
sive ban. The United Nations Disarma- 
ment Conference in Geneva will hear 
some vigorous opinions from the other 
nuclear powers and the potential pro- 
liferators in the next two months. 


® 
from important studies. Oxman said, 
for example that the Massachusetts 
bill “‘creates an unfortunate atmos- 
phere in which a good researcher will 
decide to do something else. The loss 
could be serious.” 


Mark V marks time 


The University of Manchester has 
announced “with regret” the decision 
by the Science Research Council that 
it will not be able to accommodate the 
cost of the proposed Mark VA tele- 
scope at Meiford, Wales, in its budget 
“over the next few years”. Tenders for 
the 375-foot instrument indicate a cast 
of ,£16-£17 million; the SRC and the 
University will now have discussions in 
the near future about more modest 
possibilities for developing the progress 
of research at Jodrell Bank. 
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C AS a doctor and researcher in 
medicine and bioelectronics who has 
always stressed the human mission of 
medical science and the necessity for 
international cooperation, I am appeal- 
ing to you for moral support in my 
apparently hopeless endeavour to return 
to active and creative scientific work. 
For four years now I have beer refused 
all opportunities to work scientifically 
and professionally in my country and 
for this reason I applied in 1972 to our 
Ministry of Health for permission to 
work abroad. After a year’s delay, per- 
mission was refused. I have recently 
sent a new application to the Ministry 
of the Interior asking for a long term 
permit to work at research institutes 
in the United States or West Germany; 
in the event of this permit being with- 
held, I have applied to emigrate. 

I have been led to this decision by 
bitter experience with Czechoslovak 
officialdom and employers, and by the 
realisation that, as a citizen who in 
1968 supported the humanistic reform 
of socialism undertaken under the 
leadership of A. Dubcek, I stand no 
chance in my own country of making 
any contribution to society according to 
my skills. 

Following the change in leadership 
of the Czechoslovak Communist Party 
and the change in party policy, all kinds 
of repressive measures were, as is 
generally known, instituted against 
supporters of the democratic reforms. 
I suffered harsh reprisals in 1970, when 
the Minister of Health, without stating 
any grounds, ordered my immediate 
dismissal from the post of Director of 
the Research Institute for Electronics 
and Modelling in Medicine, the insti- 
tute which I founded and built up. 
Then an unprecedented check-up was 
made in the institute in order to gather 
evidence against me concerning its 
economic management. The intentions 
underlying this action were obvious, 
and I would be willing to publish the 
evidence should circumstances demand. 
At the same time officers of State 
Security carried out an extensive in- 
vestigation of many staff members of 
the institute, and I myself was sub- 
jected to repeated interrogation. 

Since 1970, after dismissal from the 
directorship, I have not been allowed to 
engage in research, experimental or 
teaching work of any kind, and since 
1971 I have even been banned from 
clinical work. In 1972, on returning 
from a spell of sick leave, I was not 
allowed to resume work at my place 
of employment, although such an order 
was in contravention of valid Czecho- 
slovak law. I was also banned from 
publishing anything at all. Scientific 
papers in the press had to be thrdwn 
out, and my name had to be deleted 
from collective works or was deleted 
_ by the censors. Nor can my name 


appear in literary references. 

By degrees I was expelled from all 
Czechoslovak professional societies, 
from membership of the editorial 
boards of scientific and popular 
scientific journals, from the Collegium 
of Medical Sciences, from the Scientific 
Council of the Ministry of Health and 
from all technical commissions, and I 
was banned from lecturing at Prague 
and Brno universities and at the Prague 
Institute for Further Education of 
Doctors and Pharmacists. I am officially 
excluded from participating not only in 
conferences abroad but also in medical 
conferences and meetings at home. 

For a full four years I have tried to 
find a place in society in accordance 


I have been subjected 
not merely to social 
discrimination but also 
to a form of protracted 
and total spiritual and 
intellectual liquidation 
against which I have 
no defence 


This is the text of an appeal ad- 

dressed to the World Federation 

of Scientific Workers by Bohumil 
Peleska, a Czech scientist 


with my qualifications, I have paid 


dozens of visits to officials of the Com- 
munist Party, to political offices, and 
to government and public institutions, I 
have made dozens of proposals as to 
how I could be employed. All efforts 
have been in vain, and equally fruitless 
have been applications to employing 
organisations; they always cite orders 
from superior departmental and 
political bodies. No account was taken 
even of the fact that, in the course of 
twenty years of work in this field of 
research, I built up the Experimental 
Department of the Institute of Clinical 
and Experimental Surgery, that I 
founded and built up the Research 
Institute for Electronics and Modelling 
in Medicine, and that I was awarded 
by the President of the Republic in 
1959 the Order of Merit for Services to 
Construction and in 1965 the Klement 
Gottwald State Prize for research, nor 
that I have published 150 scientific 
works. 

The persecution culminated in 1974 
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when, in contravention of the Labour 
Code, I was dismissed from my employ- 
ment under Article 46 on the grounds 
that I had committed a breach of the 
social order by my political attitude in 
1968. Knowing that colleagues who had 
suffered dismissal under this Article 
were in financial straits and searching 
for jobs, I appealed against the dis- 
missal, but my employers and the trade 
union refuse to rescind this illegal act, 
so that now I am not only barred from 
scientific and professional work—I am 
unemployed and have no prospects of 
being able to earn a living for my 
family, which includes three young 
children. That is how things are, 
although the Communist Party and the 
Czechoslovak government officially 
maintain that nobody can be made to 
suffer on account of their political 
views. 

I have been subjected in recent years 
to a procedure which I consider to be 
not merely social discrimination but 
also a form of protracted and total 
spiritual and intellectual liquidation 


against which I have no defence at 


present. The feeling that the rights 
guaranteed by the Constitution and the 
Labour Code are inaccessible has con- 
vinced me that further efforts to find 
work in my profession would merely 
involve further loss of time and of the 
creative years of my life. 

Having, for four years, been banned 
from scientific and professional activity, 
from publishing and teaching in the 
field of medicine and bioelectronics, 
having been illegally dismissed from my 
employment and having been repeatedly 
interrogated by State Security, I have 
lost the sense of legal and personal 
security; this has induced me to apply 
to the Czechoslovak authorities for a 
long term permit to work abroad, 
accompanied by my whole family, a 
step which I prefer to emigration. This 
demand is in accordance with the spirit 
of the Charter of Human Rights of the 
United Nations, on ratifying which the 
Czechoslovak government also under- 
took to observe and implement it. 

As my previous application was 
rejected, I am approaching you, not 
only as an administrative body but also 
as the conscience of the world com- 
munity of scientific workers; I ask for 
moral support in my endeavour to 
return to scientific life and creative 
work. Through the widespread and un- 
selfish cooperation among scientists the 
world over, the fruits of medical 
research are part of the common 
cultural wealth of all mankind. Thus no 
power on Earth has the right to curb, 
prevent or forbid free scientific co- 
operation in medicine, or to isolate 
scientific workers and treat them as serfs 
merely because they wanted a little more 
freedom, but not nearly as much as 9 
they are entitled to as human beings. 
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Synchrotron radiation 

facility 

Sir,—After reading the article by John 
Gribbin (Nature, April 12) on the 
proposal for a new synchrotron 
radiation facility, I am wondering if he 
and I went to the same meeting. Cer- 
tainly the meeting I attended did not 
show clearly that the proposal to build 
a new £2 million storage ring “‘needs 
careful rethinking” or that “the plan 
as originally envisaged seems unlikely 
to survive’. At the conclusion of the 
meeting, the physicists, chemists, 
biologists and metallurgists present 
made it overwhelmingly clear that they 
firmly supported the existing SRC 
plans. 

The project is not at the early stages 
of planning. Indeed, the scientific case 
for a dedicated storage ring has been 
established over a considerable period 
of time, accepted by the Science Board 
of SRC and a design study costing 
£70,000 is already well under way. 

Storage ring facilities being built in 
Hamburg and Paris are such that syn- 
chrotron radiation users will have 
limited access and remain parasitic. 
What is envisaged in the United King- 
dom is a unique facility, with 10 access 
points and accommodating 30 experi- 
ments simultaneously. Many experi- 
ments which could not previously be 
performed due to lack of intensity now 
become feasible. New experiments 
utilising the polarisation properties of 
synchrotron radiation have been pro- 
posed, and the enormous flux in the 
1A region will allow time resolution of 
milliseconds or better in the study of 
complex biological functions, such as 
muscle flexing. The storage ring is also 
expected to be a potent source for 
scattering experiments below 1A. 

What the scientists present at 
Reading were extremely concerned 
about was the time scale involved in 
building a dedicated storage ring. The 
building of such a facility could in 
principle be started almost immediately 
because no major new technological 
advances are envisaged (I omit con- 
sideration about the  ‘“‘wigglers”’ 
required to reach the shorter wave- 
lengths). It need not be built at Dares- 
bury and therefore need not await the 
closure of NINA. This would ensure 
that the United Kingdom has its share 
of new and exciting physics. Is it 
realistic, however, to suggest such an 
alternative? The estimated cost of £2 


million would raise, since a new build- 
ing to house the storage ring, and all 
the services available in the NINA 
facility, would have to be provided. 
Incidentally, Professor Bleaney’s sug- 
gestion of a disastrous 5 year period 


between NINA closure and storage 
ring commissioning was refuted by 
Daresbury personnel present. A 
preliminary estimate is 12 to 18 


months, given the level of funding 
shown in the SRC document. This 
could be reduced with sufficient man- 
power and money if SRC were to give 
whole-hearted support to the proposal. 

It is now up to the SRC to act 
swiftly and decisively in this matter or 
the United Kingdom will once again 
find itself an also-ran in the race for 
scientific discovery. The critics have had 


their chance to comment on the pro- 


posal and no substantial argument was 
forthcoming. (For example, nobody 
has suggested that a tunable soft X-ray 
laser will turn such a facility into an 
under-used white elephant.) In the 
absence of such criticism, let us press 
ahead with a facility which will surely 
be the envy of synchrotron radiation 
users throughout the world. 

Yours faithfully, 

K. CODLING 

J. J. Thomson Physical Laboratory, 
Whiteknights, Reading RG6 2AF 


We have also received another letter 
in similar vein from seventeen of those 
at the Reading meeting.—Eb. 


Penicillin 


Sir,—I am grateful to Ernst Chain for 
his comments on the rediscovery of 
penicillin (Nature, June 14). There 
would, however, seem to be ample justi- 
fication in the literature for the view- 
point I put forward in my earlier article 
(Nature, May 24) concerning the direc- 
tion of research into antibiotics during 
wartime and the quest for agents of 
chemotherapy. Chain’s first joint paper 
in the field! refers to chemotherapy in 
title and substance, and his later joint 
publication that same year (on penicil- 
linase) discusses the relative merits of 
penicillin as an agent of chemotherapy’. 
The extensive paper on therapy using 
penicillin published some months later 
by Chain and the other members of the 
Oxford team? expands on the theme. 
The effects of the war effort, to which 
I have referred elsewhere’ is repeatedly 
emphasised in Fleming’s classic volume’ 


(to which, apparently, the Oxford 
workers declined to contribute). Bacha- 
rac and Hems? in particular, state that 
penicillin seemed to “merit much more 
attention than it had received”, a pointer 
to exactly the form of directed research 

I would like to see in oncology. It con- 

trasts radically with Coghill’s com- 

ments’ that Raistrick, apparently the 
first to see the significance of antibiotics, 

“could get no clinical tests made”. Per- 

haps the essence of what we should 

say is that, though it is widely assumed 
that Fleming's fortuitous discovery gave 
rise to the concept of antibiosis, the 
discovery of Penicillium notatum, and 
the first recorded examples of ‘micro- 
bial therapy’, it did not in fact originate 
any of these’. In this respect the re- 
searc work of Howard Florey and Ernst 
Chain, with their coworkers, was of 
peerless importance. 
Yours faithfully, 
BriAN J. FORD 
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Wursted 


Sirn,—We are not in complete agree- 
ment with Neidle’s point (Nature, 249, 
212; 1974) that there is a cultural bias 
in the understanding of our “hotdog” 
model for repressor-operator inter- 
action. The Germans, for example, 
might consider it the Wurst model of 
operator-repressor binding. 
Yours faithfully, 
T. A, STEITZ 
B. ENGELMAN 


3 


Yale University, — 
New Haven, Connecticut 06520 


The briefer the letter the better its 
chance of being published. We reserve 
the right to cut correspondence. 
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Ophiolites and 
oceanic lithosphere 


THE most obvious way of testing whether present-day 
ophiolites represent ancient oceanic crust and uppermost 
mantle is to compare the properties of such sequences with 
those of modern oceanic lithosphere. The scope: here is 
wide: and comparisons have already been made in terms 
of geology, petrology, chemistry, magnetic properties and 
‘seismic velocities. Unfortunately, however, the results of 
‘these attempts at correlation have not been entirely con- 
clusive because comparisons have proved to be less straight- 
forward than had originally been hoped. No doubt it is 
‘easy to be wise after the event; but it is clear in retrospect 
that some of the, as yet incompletely fulfilled, hopes ex- 
pressed in the early literature of the subject were based on 


overly-naive expectations even if it must be admitted at the — 


same time that some of the subsequent investigations have 
been afflicted by peculiarly bad luck. But be that as it 
may, the fact is that comparisons between ophiolite suites 
and modern ocean floor are likely to encounter some quite 
obvious difficulties even if it is assumed that present and 
past oceanic lithosphere were produced by comparable 
processes, | 

Problems arise partly because even if ophiolite sequences 
were submarine in formation they are now subaerial in 
fact; and so comparison with modern ocean floor means 
comparison between structures under quite different cir- 
cumstances, The effects of differing conditions become 
quite evident when, for example, Matthews et al. (Nature, 
231, 200; 1971) measured seismic velocities in the outcrops 
of the Troodos Massif of Cyprus in the hope that they 
would be similar to the velocities in the layers of the 
oceanic crust. In fact, the velocities determined were “surp- 
risingly low’—so low that almost all of them, including 
those in the ultramafics at the bottom of the sequence, 
were comparable to those in oceanic layer 2 alone. The 
conclusion that Matthews and his colleagues came to was 
that the low velocities were probably due to the presence 
of open cracks in the rotks under very low confining pres- 
sures—cracks which are presumably not present in in situ 
oceanic crust, at least in the lower layers, This view later 
received convincing support from Poster (Nature phys. Sci., 
243, 2: 1973) who showed that ultrasonic velocities are 
higher in Troodos samples under pressures of up to 2 kbar. 

Then there are the more direct effects associated with 
older material which has been uplifted and simultaneously 
subjected to considerable tectonic forces. Irreversible 
chemical changes may have taken place in some or all of 
the ophiolite components, making direct comparison with 
newer oceanic material impossible: and physical changes 
may have made it difficult to measure accurately even the 
simplest of parameters such as the thicknesses of the various 
ophiolite units. For example, although Poster found that 
the seismic velocities in Troodos samples increased with in- 
creasing pressure and thus approached more closely the 
velocities observed in oceanic crustal layers, he also found 
that even under pressure the velo@ities in the ultramafics 
= forming the lowest layer of the ophiolite sequence were 
~ dower than those in the gabbros comprising the next layer 

up. Insofar as the velocities in modern oceanic layers in- 






half of the comparison? Up to now, it has apparently never” 
“occurred to anybody to question whether or not ophiolite 











crease with depth, the comparison between the Troodos — 
sequence and present-day ocean floor cannot therefore 
be considered entirely satisfactory. Poster’s suggested ex- 
planation of this apparent anomaly was that the ultramafics 
have undergone a considerable degree of serpentisation, a = 
process known to lower grain density and consequently = 
seismic wave velocity; and a study of the ultramafic č 
samples in thin section confirmed that serpentinisation had 
indeed taken place. D Rae 
So far, however, whenever there has been a discrepancy. a 
between a property of ophiolite suites and the correspond- = 
ing property of oceanic lithosphere, it has seemed quite 
natural to suppose that the ‘problem’ originates with the 
ophiolites. Thus it was entirely reasonable for Poster. to” 
suppose that if the Troodos Massif is a remnant of. Mesozoic 
ocean floor and yet exhibits an important difference from 
modern oceanic lithosphere, then something must have 
happened to the Troodos Massif. But what about the othe: 































sequences are actually being compared with the correct 
model of the ocean floor. On the face of it, of course, there 
is no reason why anybody should; the generalised oceanic 
crustal section proposed more than 10 years ago by Raitt 
(in The Sea, Interscience, 1963) has long been a part of | 
the accepted wisdom of geophysics. But on page 136 of 
this issue of Nature, Moores and Jackson present a com- 
parison between certain features of ophiolites and ocean : 
floor which is apparently much more satisfactory than any 
proposed hitherto—and they do so on the basis not of s 
the Raitt model but of a somewhat different structure pro 
posed about 3 years ago in a little-noticed article by Sutton 
et al. (in The structure and Physical Properties of. the 
Earth's Crust, American Geophysical Union, 1971). 

What is still generally regarded as the standard model : 
of ‘typical’ oceanic crust and uppermost mantle (that. is, 
of ocean basins at normal depths away from. ridges, 
trenches, seamounts and so on) comprises three layers be- 
low the unconsolidated sediments (layer 1). The values. 
quoted for thickness and seismic velocity differ between- 
authorities: but as originally given by Raitt, layer 2: has — 
a thickness of 1.7 +0.8 km and a P wave velocity of oe 
5.1+0.6 km s~, layer 3 is 4.9+1.4 km thick but possesses a 
much less variable velocity of 6.7 + 0.3 km s™°, and layer: 4 eee 
(uppermost mantle) has a velocity of 8.14+0.2 km s” 
Layer 3 is usually regarded as the bottom layer of the 
crust, although from time to time some workers have 
interpreted marine seismic profiles as indicating the pre- 
sence of a layer with a velocity in the range 7.1—7.6 km s™* 
This ‘extra’ layer has sometimes been described as. layer a 
3 with anomalously high velocity and sometimes as mantle = *_ 
with anomalously low velocity (and even, on occasions, aS = ć =. 
the result of misleading data)—reasonable interpretations in 
most cases because either one or both of the 6.7 km s~ 
and 8.1 km s~ layers were apparently missing and/or the 
relevant profiles were obviously associated with a prominent 
feature such as a ridge or trench. In short, the intermediate 
velocities derived from marine profiles were generally dis- 
missed as atypical and not very important. 

But Sutton et al. came to a quite different conclusion. 
bine a new method of seismic refraction profiling involv- 
ing a single ship, sonobuoys, a repetitive seismic energy 
source and continuous recording (the Asper method), they 
were able to identify a high velocity basal crustal layer | 
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(7.4+0.3 km s~') at eight Pacific Ocean sites ranging from 
Fiji to the coast of California. Moreover, they were able 
to find in the literature reports of ten other sites in the 
Pacific, the Atlantic and the Mediterranean at which a 
layer of velocity about 7.4 km s~? was sandwiched between a 
a crustal layer of at least 6.0 km s~' and an upper mantle 
jayer of at least 7.7 km s.~' In addition, there are numerous 
sites at which the 7.4 km s~ layer had been identified but 
at which either layer 3 or the uppermost mantle had been 
missed or (in the case of the mantle) inferred from other 
data. As a result, Sutton and his colleagues proposed that 
a basal crustal layer about 3.1 km thick, far from being 
rare in the oceans (though quite familiar beneath con- 
tinents), exists under all Pacific basins and probably under 
basins in other oceans as well. The reason why it is fre- 
quently missed even by more elaborate refraction tech- 
niques, they suggested, is that it appears largely as second 
arrivals masked by other arrivals. In other words, the 
situation is analogous to that in which difficulties were 
encountered in observing layer 2 during the early days of 
marine seismic refraction work: layer 2 only came to be 
observed regularly when conditions were arranged for a 
specific search. 

When Sutton and his colleagues first presented their work 
at a conference at the University of Colorado in 1970, 
A. Hales praised them for their courage in reporting “some 
rather unusual mantle velocities’ and, by implication, in 
proposing an important modification to a model which 
has come to be accepted as one of the near-certainties of 
geophysics. Since then, the article in which the results 
were described in greater detail has apparently received 
little attention. Moreover, even though confirmation of 
the basal crustal layer would, in the words of Sutton ef al., 
“have major significance for both interpretation of other 
geophysical data (gravity and surface waves) and specu- 
lations on the geologic processes that resulted in the for- 
mation of the Earth's crust”, the possibility of such a layer 
has been little discussed. Presumably this is in part because 
the Asper technique is not yet in widespread use, so that 
few new results have been obtained. In the meantime, 
however, Sutton and his colleagues may take heart from 
o the indirect evidence adduced by Moores and Johnson, for 
if the latter authors are right in their interpretation, the 
consistency between the Sutton model and the view of 
ophiolite suites as oceanic lithosphere brings support for 
both. PETER J. SMITH 


Picornaviruses still 
useful as model systems 


Just as the drift of molecular biology towards eukaryotic 
systems led to a return-to-E. coli backlash, so too the 
present trend of many virologists towards tumour virology 
led to the retort “polio is not dead” (Baltimore, Perspectives 
in Virology, 7, 1; 1971). Indeed, as model systems the 
picornaviruses have much to offer, and still produce regular 
surprises. 

Porter, Carey and Fellner (Nature, 248, 675; 1974) have 
recently demonstrated the presence of a large poly(C) tract, 
about 90-100 residues long and with 85-90 C residues, 
within the RNA of encenhalomyocarditis (EMC) virus. 
Since the molecular weight of the viral RNA exceeds by 
about 1,000 nucleotides that necessary to code for all the 
viral proteins, and because none of the known viral proteins 
is rich in proline, Porter et al. argue that the poly(C) tract 
is probably near to one of the termini of the molecule, in 
the untranslated regions. It is interesting that partially 
purified EMC RNA polymerase will synthesise poly(G) 
using exogenous poly(C) as a template (Rosenberg, Diskin, 
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Oron and Traub, Proc. natn. Acad. Sci. U.S.A., 69, 3815; 
1972) and this perhaps indicates a role for poly(C) in 
replication. Further support for this idea is given by the 
fact that bacteriophage QB replicase will also transcribe 
poly(C) but cannot recognise other homopolymers. OB 
RNA does not contain a poly(C) tract, however, and so the 
significance of these observations remains unclear. 

Porter ef al. have not been able to detect poly(A) in 
EMC RNA. A similar result was previously reported for 
the closely related cardiovirus, Mengo (Miller and Plage- 
mann, J. gen. Virol., 17, 349; 1972), but is in contrast to 
results with poliovirus, an enterovirus, which contains a 
poly(A) region of 50-100 residues at its 3° terminal (Yogo 
and Wimmer, Proc. natn. Acad. Sci. U.S.A., 69, 1877; 1972). 
The reason for this difference between the RNAs of different 
picornavirus subgroups is puzzling, particularly since it is 
known that the proteins coded for by the various viral 
RNAs and their gene order along it are very similar. An 
understanding of the requirement for poly(A) in the 
messenger RNAs of viruses which replicate in the cytoplasm 
might give some clue as to the role of this structure in 
normal mRNA; on the other hand it is possible that the 
poly(A) in viruses has a different function to that of the 
host, for example in viral assembly. 

Many plant viruses contain a transfer RNA-like structure 
covalently linked to the genomic RNA, which can be 
enzymatically aminoacylated. The tRNA-like structure is 
present at the 3’ end of the RNA, and is different in primary 
sequence to the corresponding host cell tRNA molecules. 
The function of these structures is unknown but they are 
able to interact with several of the enzymes involved in 
protein synthesis. Salomon and Littauer (Nature, 249, 32; 
1974) have now reported that mengovirus RNA can be 
acylated with ‘histidine, by aminoacyl synthetases from 
mouse liver. Similar enzymes from E. coli were unable to 
produce this result. That the material acylated by the liver 
enzymes was not contaminating host tRNA was shown by 
polyacrylamide gel electrophoresis under denaturing con- 
ditions. Although cleavage of the viral RNA occurred during 
aminoacylation, the viral fragment containing labelled 
histidine was significantly larger than host cell histidyl- 
tRNA. It is not yet known whether cleavage of Mengo RNA 
is necessary for charging with histidine or is an artefact 
caused by contaminating RNases. 

Since poliovirus RNA terminates in poly(A) at the 3° 
end, it cannot have a tRNA-like structure in that position, 
and not surprisingly previous attempts to aminoacylate polio 
RNA have failed (Oberg and Philipson, Biochem, biophys. 
Res. Commun., 48, 927; 1972). This observation therefore 
serves to emphasise the differences that I have mentioned 
between the RNA of the cardio and enteroviruses within 
the untranslated regions. 

Earlier experiments have tended to support a role for 
aminoacyl-viral RNA in protein synthesis. Indeed, the 3’ 
terminal portion of turnip yellow mosaic virus (TYMV) 
RNA donates valine into polypeptide in a cell-free system 
(Haenni, Prochiantz, Bernard and Chapeville, Nature new 
Biol., 241, 166; 1973). The physiological significance of this 
finding, however, has been questioned by Shih, Kaesberg 
and Hall (Nature, 249, 353; 1974) who made use of the 
fact that brome mosaic virus RNA can act as a messenger 
in vitro to give well-defined virus-coded products and can 
also be aminoacylated with tyrosine. Both these activities 
were examined after chemical modification of the 3’ 
terminus of the viral RNA. As expected, such modification 
completely abolished the ability of the RNA to accept 
tyrosine, but surprisingly had virtually no effect on the 
protein synthetic activity of the viral RNA nor on the 
authenticity of the cell-free product. Thus Shih ef al. feel 
that this eliminates any role for aminoacyl-viral RNA as an 
obligatory requirement for viral protein synthesis, and in- 
stead favour a regulatory role for the tRNA-like structure. 
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Since protein synthesis elongation fac- 
tor | recognises aminoacyl-tRNA and 
is also involved in RNA synthesis (at 
least in bacteria) then perhaps the 
aminoacylviral RNA is somehow used 
to integrate protein. and RNA synthesis 
in virus-infected.cel 

Two technical 
borne. in mind, first, Salomon 
and Littauer could only charge about 
20% of their: Mengo RNA with histi- 
dine, and, second, cell-free protein 
synthesis systems are so very inefficient 
compared with whole cells that any 
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subtle effects which might be caused by — 


tRNA ‘modulation’ in vivo may be 
completely lost-in vitro. 
ALAN E. SMITH 


258,247 dam 
earthquakes 


by. Dav id Davies 


Burtp a large reservoir ane expect 
earthquakes. This has been a common 
experience in the past 20 years. The 
Koyna Dam in India and the Kariba 
Dam in Africa both triggered off much 
seismic activity and there have been 
many other similar cases. A well- 
documented example in China is now 
presented by Shen Chung-Kang in 
a recent issue of Scientia Sinica (17 (2), 
239-272; 1974). 

The Hsinfengkiang Dam in Kwang- 
tung Province was started in July 1958 
and by August 1960 was producing 
electric, power. The reservoir covers 
390 km’ and impounds 11,500 million 
m’ of water. The dam is 440 m long 
and has a maximum height of 105 m. 
The immediate vicinity was no more 
seismic before the construction of the 
dam than any other area in China, 
where there is, of course, much 
scattered seismicity. 

Within a month of the first im- 
pounding of water in Qctober 1959, 
seismic activity started up and as the 
water level rose so did the frequency 
of quakes. Many of the earthquakes 
could only be detected instrumentally, 
but a few were felt in the area around 
the dam—these generally had a sur- 
face-wave magnitude of 2 to 3. A set 
of seismometers was moved into the 
area to enable accurate locations to he 
produced and these still operate. 

The first earthquakes were in the 
region of the dam itself, but pro- 
gressively the activity spread to other 
regions. Relatively few events were 
located under the water itself, the 
majority being within a kilometre of the 
water’s edge on the landward side. Each 
new rise in water level seemed to 
Stimulate fresh activity; the depths of 
the. earthquakes were typically 4 or 
5: km. Finally in March 1962 came a 
mägnitude 6 event within 1 km of the 


dam and 5 km deep. The intensity at 
the epicentre was VIII—a violent shock, 
but the dam survived since it had been 
strengthened months previously on the 
basis of the earlier activity. 

In the last 20 days before the main 
shock there was a marked reduction in 
activity everywhere in the reservoir 
region, and those small- „earthquakes 
that there were began to move towards 
the epicentre of the main shock. Since 
March 1962 aftershocks have continued 
with characteristics conventionally ex- 
pected of an aftershock sequence and 
the activity in the area continues to this 


day, Up to 1972, 258,247 shocks with 


Ms greater than 0.2 were recorded. 
What causes reservoir earthquakes? 

The best general explanation put for- 

ward so far, which the author also 


favours, is that water percolates into 


the underlying rocks and finds its way 
into groundwater channels and deep 


- fissures. As the seepage pressure rises 
the water acts as a means of lubricat- 


ing, as it were, the faults in the region. 
Thus earthquakes are facilitated as 
slippages along these faults. Such an 
explanation in terms of pore interstitial 
fluids, is increasingly being favoured 
as a general explanation of tectonic 
earthquakes. 


Tidal drag cannot move plates 


from Peter J. Smith 
Geomagnetism Correspondent 


THE idea that continents might be 
displaced by tidal forces was dis- 
cussed at some length by Wegener 
in various editions of his book The 
Origins of the Continents and 
Oceans. But ever since Jeffreys (The 
Earth, Cambridge University Press, 


1929) showed that the stress over. 


the Earths surface arising from 
tidal friction is only of the order 
of 10> dyn cm™~’, few people have 
considered tidal drag a likely driving 
mechanism for continental drift or 
plate motions. On the other hand, 
such a mechanism does seem to be 
feasible from the energy point of 
view, Recent calculations suggest 
that the energy dissipated tidally 
may exceed 5X10 erg s> (Roches- 
ter, Eos, 54, 769; 1973), of which 
about 2.510" erg s7! is likely to 
de the maximum dissipated in shal- 
low seas and of which less than 10” 
erg s`! is lost in the solid Earth. 
Thus, in principle, as much as 
2~3 X 10" erg s~! might be available 
for driving plates. 

Recently, Bostrom (Nature, 234, 
536; 1971) and Moore (Geology, 1, 
99; 1973) have revived the tidal 
drag mechanism, citing in its sup- 
port such phenomena as the de- 
pendence of seismicity on latitude 








Healthy carriers 
of hepatitis B 


from Arie J. Zuckerman 
Medical Virology Correspondent 


NUMEROUS  seroepidemiological surveys 
on selected groups have shown that 
the prevalence of hepatitis B antigen, 
a marker of infection with hepatitis B 
virus, in apparently healthy persons 
in Western Europe and North Ameri- 
ca is 0.1-0.6% by comparison with . 
5-20% in tropical Africa, South East 

Asia and the Far East (Tech. Rep. Ser. 

Wid Hlth Org., No. 512; 1973). Al- a 
though relatively little information is 
available from serial samples collected 
over a period of time, which would 
permit more precise determination of- 
the carrier rate in defined populations, 
the implications are that there may be 
tens of millions of individuals through- 
out the world who carry silently in their 
serum the hepatitis B antigen. ] 
practical purposes it has been ai 
that a persistent carrier state exists in 
persons in whom the antigen has been. 
detected repeatedly for more than i 
3 months. The carrier state may be 
life long; Zuckerman and Taylor 
(Nature, 223, 81; 1969) described the 




























and the tendency of oceanic ridge | 
segments to lie north-south (with | 
transform faults lying east-west). | 
But Jordan (J. geophys. Res., 79, | 
2141; 1974) has now carried out a | 
‘simple calculation’ showing that | 
although a plate velocity of 5 cm | | 
yr? would involve the dissipation | ; 
of energy at a rate of only 0.8X10" | 
erg s7' (well within he amount f 
available), a torque o 
would be required to 
The actual couple exe 
Earth by the Moon is ‘probably 
than 10% dyn cm, or 9 orde 
magnitude too small to allow plate | 
motion if currently quoted values / 
of asthenospheric viscosity are f- 
accepted. Tidal forces could pro- |. 
duce lithospheric motion, but only 
if the viscosity of the astheno- _ 
sphere were to be as (unbelievably) - Jes 
low as 10" poise. i eee 
In further support of the view a 
that tidal forces are not relevant 
to present-day plate tectonics, Jor- 
dan cites recent plate models based 
on the fixed hot spot hypothesis, 
which suggest that the westward 
displacement of the lithosphere as 
a whole is small compared with the 
relative motions of plates. In the _ 
meantime, however, all this leaves | | 
open the rather different question. _ at 
of what happens to the balance of. 
the energy released by tidal friction. 
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case history of a well documented 
former blood donor who has been a 
healthy carrier for more than 20 years. 

In high prevalence areas, for ex- 
ample in tropical countries, the anti- 
gen is detected in individuals of all 
ages, most frequently in children. The 
prevalence of antigen in Caucasians 
living in some tropical areas is higher 
than those in temperate zones yet it 
is considerably lower than in the in- 
digenous population. In all regions the 
antigen is reported to be more frequent 
in males than in females and in urban 
than in rural communities, The uni- 
versal problem which the carrier state 
poses to blood transfusion and other 
medical services, to morbidity from 
liver disease and to health in general, 
requires no elaboration. Yet the 
mechanisms leading to the formation 
of the carrier state are little known. 

In a recent study by Gerety and his 
colleagues (J. Pediat., 84, 661; 1974), 
paired samples of serum from 200 
children in the United States and 1,165 
children from Upper Volta in West 
Africa and from two Pacific islands 
(Guam and Tol, Truk Islands) were 
tested for hepatitis B antigen by radio- 
immunoassay and for the homologous 
antibody by passive haemagglutination. 
The antigen was not detected in any 
of 100 normal children in the United 
States but it was found in 5% of 100 
children resident in institutions in that 
country. The antigen was found in 
2-10.9% of sera from normal children 
from overseas. Hepatitis B antibody was 
not detected in normal American 
children, but it was present in 9% of 
American children in institutions, 3%, 
in Guam, 20.3% in Tol and 7% in 
Upper Volta. 

Gerety et al. calculated the ‘per cent. 
carriers’ according to the formula: 
antigen carriers/infected group X 100, 
where the infected group is defined 
as children with hepatitis B antigen or 
antibody, or both. The figures obtained 
were nil for normal American children, 
35.7% for children in institutions, 
40%, for children in Guam, 35.2% for 
children in Tol and 28.6% in Upper 
Volta. The respective figure for Ameri- 
can adults, calculated from published 
reports, is 1.8-3.5%. 

Several different mechanisms may 
predispose to persistent carriage of 
hepatitis B antigen. It has been sug- 
gested that the establishment of a com- 
plete or at least a partial immunological 
tolerance to this antigen is the most 
likely explanation. A relative immune 
deficiency, associated with slow matura- 
tion of cellular immunity in newborn 
infants, is one possibility. This mech- 
anism may play an important part in 
carriers resulting from vertical trans- 
mission of hepatitis B virus (Nature, 
249, 105; 1974). Gerety and associates 
(loc. cit.) found, however, that the risk 
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Channelled scablands of Washington 


Poga s 


THIS picture shows part of the 40,000 
km“ ‘channelled scablands’ of 
eastern Washington, and is from a 
new booklet produced by the US 
Geological Survey (The Channeled 
Scablands of Eastern Washington, US 
Government Printing Office, Wash- 
ington DC, 1974, 65c). The geological 
events leading to the formation of 
this unique landscape began during 
the Miocene with the extrusion of up 
to 3,000 m of basalt lava flows which 
later tilted and warped and acquired a 


of becoming an antigen carrier seemed 
to be uniform among children ranging 
in age from | month to 15 years. They 
considered that factors of exposure 
such as the route and amount of virus 
may contribute to the disparate chronic 
infection rates between children and 
adults. For example, means of trans- 
mission of low dose of virus in child- 
ren, other than by direct skin penetra- 
tion, might influence the severity of 
the infection and the immune res- 
ponse, favouring the development of 
the carrier state, but the available in- 
formation is incomplete. An intensive 
immune response may be essential for 
the elimination of the virus and the pre- 
vention of the establishment of an 
equilibrium between the host and the 
infecting agent. There are reports in 
the literature which suggest that adults 
seem to become carriers more fre- 
quently after a mild attack of hepatitis 
(Barker and Murrey, J. Am. med. ASS., 
216, 1970; 1971: Aach er al., Proc 
natn. Acad. Sci. U.S.A., 68, 1656; 1971; 
Gocke, J. Am. med. Ass., 219, 1165; 
1972). And, in general, children experi- 
ence a milder disease with many sub- 
clinical infections, 

Carriage of hepatitis B antigen has 
been consistently reported to be more 





30-60 m cover of loess. Then begin- 
ning about 100,000 years ago ice 
lobes from the northern hemisphere 
glaciation encroached on the lava 
field, damming rivers with glacial ice 
and debris and forming large lakes. 
Finally, 10,000-20,000 years ago the 
dam containing the largest lake broke 
and more than 2,000 km’ of water 
and debris were released within a day 
or two, carving the surface as 
observed today. 
P.JS. 


frequent in males than in females and 
evidence has been obtained which in- 
dicated sex as an independent primary 
variable factor responsible for a higher 
prevalence of the antigen in males 
than in females. Washburn and col- 
leagues (Pediatrics, 35, 57; 1965) 
studied the sex difference in suscepti- 
bility to a number of infections. A 
significant preponderance of males was 
found and this was most marked in 
infancy. The sex difference in suscepti- 
bility was postulated to be consistent 
with a gene locus on the X chromosome 
which is involved in the synthesis of 
immunoglobulins. Small differences in 
the amounts or rates of synthesis of 
antibody might be responsible for a 
slightly greater susceptibility to in- 
fection among members of one sex. 
Gerety and his colleagues found that 
the likelihood of the development of 
the carrier state in the groups of child- 
ren they studied did not seem to corre- 
late with the sex or with the geographi- 
cal origin of the children or with the 
subtype of hepatitis B virus. What the 
results did show clearly was that child- 
ren became presistent carriers more 
frequently after infection with hepa- 
titis B virus than adults in the United 
States. 
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Identification of HO> 


from our Chemical Physics Correspondent 


Most chemists and chemical engineers 
would feel that HO, is one of the com- 
moner and better known of the gas phase 
free radicals which are common inter- 
mediates in so many reactions. Hydro- 
carbon combustion, both in heating plants 
and in motor engines, is a major process 
in which HO, is a significant intermediate 
and many important kinetic rate constants 
are concerned with its creation and sub- 
sequent destruction. However clear cut, 
physical identification and study have 
proved remarkably difficult. Even the 
powerful tools of photolysis and of matrix 
isolation have found HO, to be a slippery 
customer and ultraviolet, infrared and 
electron resonance spectra of only indiffer- 
ent quality and resolution have been 
obtained. More informative gas phase 
spectroscopy has been, hitherto, remark- 
ably unsuccessful and this is not for want 
of much hard and difficult work. 

Now, however, the powerful team of 
Radford, Evenson and Howard (J. Chem. 
Phys., 60, 3178: 1974) has obtained a 
remarkably clear spectrum which must be 
attributed to HO,, unless even now this 
radical has sent a Doppelgänger to con- 
fuse us. The authors believe it relates to 
HO, but the evidence is indirect. The 
spectrum appears from more than twenty 
likely reaction mixtures including 
O,-+ CyHy, O+ CHa, H:O, -+ F, H-O, 
and from discharges in water vapour. The 
spectrum near 130 cm~! vanishes when 
the H is exchanged for D or 1O by #0, 
but it remains unaltered when ‘°C is used 
instead of !"C in the reagents. The species 
is certainly paramagnetic, probably un- 
charged and seems to contain an odd 
number of nuclei like H with a spin of 1/2. 
The evidence is certainly sufficient to con- 
vince most readers, including your cor- 
respondent, but is not quite at the level of 
absence of all reasonable doubt that would 
be required by a murder jury. A particu- 
larly important aspect of the present 
spectrum is its availability as a monitor 
during the maximisation of the concen- 
tration of the concentration and life-time 
of the HO, in future experiments. This 
will be of interest to research workers in 
combustion and further details of the 
rotational spectrum will be eagerly 
awaited by astrophysicists who would 
seek HO, in interstellar gas by means of 
its microwave spectrum. 

The spectrum was observed with a 
powerful technique which uses the 
absorption of the H,O and D.O laser lines 
near 119, 126 and 139 cm~ (84, 79 and 
72 um). Since these lines do not coincide 
perfectly with the HO, absorption, the 
latter is modified by a magnetic field up 
to 2 T (20 k gauss) using the Zeeman effect. 
This technique, called laser magnetic 
resonance, is sensitive only to para- 
Magnetic species, so that the many dia- 





magnetic species in the reaction stream do 
not interfere. Using magnetic field modu- 
lation and a phase sensitive detection 
system about twenty lines are easily 
detected with each laser frequency using 
separately the laser electric field parallel 
and perpendicular to the magnetic field, 
a change which modifies the selection rule 
on the Zeeman sublevels. Indeed the 
signal to noise ratio is such that the 
doublet nature of the lines, due to the 
proton magneticmoment coupling withthe 
unpaired electron, is clearly resolved with 
a separation of 1 mT (10 gauss). The 
radical is close to a prolate symmetric top 
and has A~19.4 cm™ and (B+C)/2~ 
1.26 cm. The rotational quantum 
numbers N and K provide useful state 


labels and the transition near 139 cm~ is 


assigned to the K 3<-2 and N 19+~18 
transition although N 20<—19 is not com- 
pletely excluded by the evidence. There is 
a zero field splitting between the J = N+ 1/2 
and the J=N—1/2 states which is 
0.605 cm~ for K=2 and 1.139 cm~ for 
the K =3 level. The transitions are for the 
J==N--1/2 states. 


Vegetation 
disturbance in 
arctic tundra 


from Peter D. Moore 

Plant Ecology Correspondent 

THE slow recovery rate of alpine tundra 
following the disturbance of surface 
vegetation (see Nature, 249, 690; 1974) 
is causing concern. A similar, but more 
complex problem confronts conserva- 
tionists in arctic tundra regions, where 
the existence of permafrost within the 
soil means that thermal equilibrium is 
a critical factor in determining eco- 
system stability. 

Dingman and Koutz (Arctic Alpine 
Res., 6, 37; 1974) have studied the 
pattern of frozen subsoil distribution in 
a region of central Alaska where perma- 
frost is discontinuous. They were 
concerned in particular with microto- 
pography and the way in which such 
factors as aspect can influence the net 
potential radiation input and hence the 
depth of the active layer (seasonal thaw 
zone), A rather rough, non-linear 
correlation emerges between their 
potential insolation index and active 
layer depth, and their figures suggest 
that permafrost occurs where the 
average annual solar radiation falls 
below 265 cal cm~* d~. 

The anomalous points on the graphs 
of Dingman and Koutz, which distort 
some of their regressions, frequently 
correspond to locations of unusual 
vegetation type, such as forest cover or 
exceptionally thick moss hummocks. 
Evidently the influence of surface vege- 
tation on ecosystem energy balance, 
particularly on albedo and on latent 
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heat losses associated with transpiration, 
must be taken into account. 

This aspect has been studied by Haag 
and Bliss VJ. appl. Ecol., 11, 355; 1974) 
who have conducted experiments to test 
the effect of vegetation disturbance 
upon tundra energy budgets. Damage to 
surface vegetation and peat on areas 
used as roads during the winter months 
resulted in increased surface moisture 
and therefore in considerable albedo 
changes (6.1%, compared with 15.2% 
in control sites); in consequence there 
Was an increase in net radiation input 
in the road site. In addition, the com- 
paction or disturbance of the surface 
peat layer led to an increase in thermal 
diffusivity, as a result of which higher 
soil temperatures were recorded during 
the day even at a depth of 50 cm in the 
road profile. Latent heat losses were 
greater in the control site, especially in 
the growing season when actively tran- 
spiring vegetation was fully developed 


and deeper reserves of water were © 


being tapped. 

One of the important conclusions of 
this work is that the use of tundra as a 
winter road alters the soil thermal 
régime, resulting in a deeper active 
layer in summer (about 56 cm com- 
pared with 36 cm in control). Similarly 
other types of disturbance such as fire 
and oil spills produced deeper active 
layers (46 cm and 42 cm respectively). 
Such conditions are conducive to 
surface instability and erosion. A 
possible solution to the problem would 
be the reseeding of disturbed areas to 
assist surface healing. 

Wein and MacLean (Can. J. Bot., 51, 
2509; 1973) investigated the potential of 
Eriophorum vaginatum (cotton sedge) 
as a recolonist of bare peat and mineral 
soil and came to the conclusion that 
the species could be of particular value 
where mineral soils were exposed and 
where the soil is permanently saturated. 
This is precisely the set of conditions 
found on parts of the winter roads. The 
seeds germinated best at 25-30° C and 
had no dormancy problems; when sown 
in July they were found to be strong 
enough to withstand the subsequent 
winter. 

Reseeding experiments in disturbed 
tundra areas are now being conducted, 
but the initial data of Haag and Bliss 
suggest that the development of a 
vegetation cover will be slow; only 
20-50%, surface cover has been attained 
after three seasons’ growth. Albedo has 
risen in the reseeded plots, leading to a 
decrease in the net radiation input, but 
active layer depth has decreased by only 
2 cm (from 52 cm to 50 cm). It would 


seem that the loss of thermal insulation... 


provided by a peat cover is even more — 
vital for the maintenance of a shallow 
active layer than is high albedo. The 
redevelopment of a peat blanket will 
obviously take a very long time. 
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Seven years of 
L-dopa therapy 


by Miranda Robertson 


NoMINALLY, the symposium held on 
June 28 by the Parkinson’s Disease 
Society was to mark the fact that it is 
now 150 years since the death of James 
Parkinson. What was most clearly 
reflected in its content, however, was 
that it is now seven years since the 
advent of -dopa therapy, which 
seemed at one time to promise freedom 
from parkinsonism but has turned out 
merely to suspend sentence. This has 


left pharmacologists to try and find out | 


what to do next and clinicians with the 
problem of what best to do in the mean- 
time; and that, apart from an historical 
excursion by J. D. Parkes (Institute of 
Psychiatry, London), was what the 
symposium was about. 

There has been no radical change in 
the therapeutic approach to parkinson- 
ism since Charcot first used anti- 
cholinergic drugs a century ago. The 
aim is still to redress the balance be- 
tween cholinergic and dopaminergic 
agonists in the basal ganglia, but with 
the emphasis on supplying the missing 
dopamine rather than blocking acetyl- 
choline reception. K. Fuxe (Karolinksa 
Institute, Stockholm) favoured ergot 
derivatives and in particular 2-bromo- 
alpha-ergocryptine (CB154) as future 
alternatives to dopamine derived from 
L-dopa. The advantages of these dopa- 
minergic agonists over L-dopa would be 
that they act directly on the dopamine 
receptor without having to be converted 
to the active form by enzymes which 
may be deficient as a result of the same 
degenerative process that produces the 
dopamine deficiency. Fuxe, who has 
tried CB154 on rats with nigro-striatal 
lesions, is optimistic about the com- 
pound whose effects, though weaker 
than those of L-dopa, are more pro- 
longed. His hope, however, that CB154 
might also be free of some of its side 
effects is not substantiated by prelimin- 
ary clinical trials, reported by D. Calne 
(Hammersmith Hospital, London). 
Functional improvement was assessed 
‘blind at between 9% and 18% on 
average for 20 patients on the drug, the 
degree of improvement being positively 
correlated with the severity of the dis- 
ability. But adverse reactions seemed to 
parallel those seen with L-dopa therapy. 

Amplification of post-synaptic effects 
through the adenyl cyclase system, 
which is also under investigation at the 
Karolinska Institute, may conceivably 
help with the separation of therapeutic 
from side effects, although as C. D. 
Marsden (King’s College Hospital, Lon- 
don) pointed out, it is not clear how 
different the receptors mediating the 
one are from those mediating the 
other. In Fuxe’s rat model, however, 


theophylline (which inhibits phospho- 
diesterase and thus increases the con- 
centration of cyclic AMP) does seem to 
increase activity in the denervated 
striatal neurones, and he believes that 
it may be possible to use the drug to 
potentiate the effects of CB154. 

All this, however, assumes a func- 
tional post-synaptic receptor mechan- 
ism, and as M. Sandler (Queen 
Charlotte’s Hospital, London) pointed 
out, receptor pathology is by no means 
ruled out. Sandler, who has long held 
that the dopamine replacement theory 
of L-dopa therapy is an oversimplifica- 
tion, devoted much of his talk to haul- 
ing skeletons out of cupboards. One of 
them is ignorance of the exact cause 
of Parkinson’s disease, and of the 
contribution of deficiencies in chemicals 
other than dopamine to the syndrome. 
The other is the failure to explain 
either how L-dopa works or why it 
stops working. Neither the disease nor 
dopa metabolism, in short, is under- 
stood. 

What seems to be missing is a really 
good animal model for parkinsonism. 
Sandler stressed that drugs do not 
always have the same effect on lesioned 
rats as they do on parkinsonian humans. 
This is hardly surprising if only because 
the parkinsonian lesion is most unlikely 
to be as simple as the destruction of 
the nigro-striatal pathway, besides 
which, autopsy brains of parkinsonian 
patients show evidence (quoted by M. 
Yahr, Mount Sinai School of Medicine) 
of continuing degeneration under 
L-dopa therapy; whereas the surgical 
lesion does not evolve. 

There is also the question of the 
effect of prolonged administration of 
drugs. Clinicians repeatedly brought up 
the need at the very least for studies on 
the effects of anti-parkinsonmian agents 
over long periods of time. Progressive 
disease may explain why parkinsonism 
in due course overcomes L-dopa 
therapy; but what is the explanation of 
the simultaneous increase in the 
dyskinetic side effects of the drug? 

Some recent work of H. Klawans 
(University of Chicago) suggests that 
the answer may lie in the post-synaptic 
dopamine receptors. He used ampheta- 
mine to stimulate the dopamine recep- 
tors of guinea pigs to the point at which 
the drug produced stereotyped move- 
ments, and found that after regular 
treatment over a period of time, the 
movements could be elicited not only 
by progressively lower doses of 
amphetamine but also by the dopa- 
minergic agonist apomorphine. 

The meeting ended with a review 
lecture by A. Carlson (University of 
Goteborg), whose efforts in establishing 
dopamine as a neurotransmitter in the 
late 1950s helped to make possible the 
introduction of dopaminergic antagon- 
ists in the treatment of parkinsonism. 
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An amoeba 
becomes a flagellate 


from F. E. G. Cox 
Parasitology Correspondent 


PARASITOLOGISTS are tidy people and 
like to know how parasites should be 
classified. The understanding of the 
correct taxonomic status of a parasite 
is more than the provision of a handy 
slot in which to file information; it Is 
the basis of an understanding of the 
biology of the organism and a point to 
which related organisms can be refer- 
red. From such a reference point stems 
a knowledge of basic biochemistry, 
physiology and epidemiology and on 
these studies the control of the para- 
site can be based. Parasites, particularly 
protozoa, are often very specialised and 
it is not always easy to see their basic 
structures with the light microscope. 
During the past decade, however, the 
electron microscope has been used to 
solve several taxonomic problems. 
Partially as a result of such studies the 
piroplasms and Toxoplasma have taken 
their rightful position within the sporo- 
zoan class Coccidia, and the number of 
discrete taxonomic groups containing 
a few parasites of uncertain taxonomic 
position has been diminished. 

One of the outstanding taxonomic 
problems is concerned with an amoeba, 
Dientamoeba fragilis, which lives in the 
gut of man. It has long been recognised 
that this binucleate amoeba could be 
a flagellate but absolute proof has been 
lacking. Two independent papers in the 
Journal of Protozoology have now 
supplied this proof. Honigberg and his 
colleagues (Camp, Mattern and Honig- 
berg, J. Protozool., 21, 69; 1974) now 
report that the fine structure of Dienta- 
moeba places it among the trichomonad 
flagellates and this conclusion is also 
reached by Dwyer (ibid., 139) using 
immunoelectrophoretic methods to 
analyse the *antigens of Trichomonas, 
Dientamoeba, Histomonas and Enta- 
moeba. This latter work is a culmina- 
tion of Dwyer’s earlier immunological 
studies on these parasites (ibid., 19, 316 
and 326; 1972). All the evidence now 
points to common structures and com- 
mon antigens linking Dientamoeba with 
the flagellates Trichomonas and Histo- 
monas and there is a clear evolutionary 
sequence in which the number of 
flagella are reduced in Histomonas and 
disappear altogether in Dientamoeba. 
Honigberg suggests a revised classifica- 
tion of the Order Trichomonadida im 
which Dientamoeba is placed in the 
same family as Histomonas and this is 
likely to be generally accepted by proto- 
Zologists and parasitologists. 

The implications of these studies lie 
in an understanding of the mode of 
transmission of parasitic members of 
the order Trichomonadida, Protective 
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cysts are unknown in these forms and 
the parasites have had to evolve un- 
usual ways to ensure transmission. 
Histomonas meleagridis, the causative 
organism of blackhead in poultry, 
enters the egg of the nematode Hetera- 
kis gallinarum (Lee, Parasitology, 59, 
877, 1969) and there is abundant evi- 
dence fo suggest that Dientamoeba 
fragilis of man uses the nematode 
Enterobius vermicularis (Ockert, J. 
Hyg. Epidem. Microbiol. Immunol., 16, 
213 and 222; 1972; Abstracts 4th Int. 
Cong. Protozool., Clermont-Ferrand, 
1973). As very little is known about the 
affinities or the transmission of the 
three species of Trichomonas in man 
there may be some surprises for those 
who suggest infection as a result of 
direct contamination. 


Structure of nuclear 
single-particle states 


from Peter E. H odgson 
Nuclear Theory Correspondent 


Many features of nuclear structure 
can be understood by considering the 
individual motions of the constituent 
nucleons. For most of the time they 
move on independent orbits, and 
occasionally collide with each other. 
The energies and quantum numbers of 
these orbits can be determined by 
reactions that remove a nucleon from 
a nucleus or add one to it. 

The single-particle states near the 
Fermi surface—-those with the highest 
energies—can be most easily studied 
by one-nucleon transfer reactions like 
the (d, p) stripping reaction. Deeper 
States can best be studied by nucleon 
knock-out reactions like (p, 2p). 

Many studies of single-particle states 
have now been made, and their syste- 
matic behaviour from one nucleus to 
another is becoming clearer. It is 
found that most states are split into a 
number of fragments by the residual 
interactions that are not taken into 
account in the simple shell model. Thus 
instead of a single state several states 
of the same structure and quantum 
numbers are spread over one or two 
MeV of energy. The energy of the 
state, however, can still be defined as 
the centroid of the fragments, weighted 
by their spectroscopic factors. 

A very important question is then 
whether all the fragments of a par- 
ticular state have been found, for if 
some fragments far away from the 
main strength have been missed this 
could produce serious errors in the 
centroid energies. It is not easy to 
detect small fragments experimentally, 
so other methods must be tried. : 
_If one could rely on the theory of 
the interaction removing the nucleon 
_ there would be no difficulty, for one 
could simply calculate the sum of the 





Spectroscopic factors and see if they 
added up to unity, the value corres- 
ponding to a pure single-particle state. 
Unfortunately, even in favourable cir- 
cumstances the distorted wave theories 
cannot be relied upon to better them 
about 10-20%, and one is concerned 
with the loss of small fragments con- 
stituting around 5-10% of the total 
strength. 

Another approach is to use a sum 
rule with all the single-particle states 
in a particular nucleus. Koltun (Phys. 
Rey. Lett., 28, 182; 1972) has shown 
that provided only two-body forces are 
present in the nucleus, the total energy 
of the nucleus may be expressed as a 
sum of the kinetic and removal en- 
ergies of the constituent nucleons. 

The total energy E is known accu- 
rately from the nuclear masses, and 
the kinetic energies T; can be cal- 
culated quite easily from a simple 
nuclear model. The removal energies 
E’‘p are obtained directly from the 
centroid energies. The sum rule thus 
provides a sensitive test of the com- 
pleteness of the sets of fragments 
assigned to each single-particle state. 
It does, however, refer to all the 
nucleons, so the set of single-particle 
states iş tested as a whole, and not 
individually. 

Since the most complete sets of data 
are available for the proton single- 
particle states, it is useful to split the 
above sum rule into the corresponding 
relations for protons and neutrons 
separately. Thus the mean binding 
energy per proton becomes 

E/Z=3[ <T>+ <Er> 
— Mp TYM 41] 
where the angular brackets denote 
averages only over the proton single- 
particle states. The extra term is a 
recoil correction that must be in- 
cluded in accurate work. 

This sum rule has recently been 
tested by a group at Saclay (Bernheim 
et al., Phys. Rev. Lett., 32, 898; 1974) 
using the (e, e’p) reaction at 497 MeV. 
This reaction is preferable to the 
(p, 2p) reaction because the electrons 
are less likely than protons to interact 
with other nucleons before or after 
their main quasi-elastic interaction 
with one of the nuclear protons. For 
the same reason the cross section for 
the knockout reaction is reduced, but 
improvements in the experimental 
apparatus have so increased the in- 
cident intensity that it is possible to 
obtain significant results in a prac- 
ticable time. 

The single-particle states are detected 
by measuring the energies of the in- 
elastically-scattered electron and of 
the ejected proton. Application of the 
conservation laws then gives the energy 
required to remove the proton, which 
is just the required energy of the 
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single-particle state, If the distribution 
of this energy is plotted for a large 
number of knockout events the single- 
particle states are evident as peaks, 
and the angular distributions of these 
peaks enable the quantum numbers of 
the corresponding single-particle states 
to be found. 

The results for “C(e, e’p) are shown 
in the figure, and clearly show the 
peaks corresponding to proton removal 
from the Is and Ip states. The widths 
of these peaks are due partly to the 
inaccuracies in the measurements and 
partly to the energy spread of the frag- 
ments which are not resolved 
individually. 

These data were used to test the 
proton sum rule. After correcting for 
distortion of the outgoing proton waves 
in the nuclear field they found 
~4.0 + 0.5 MeV for the mean bind- 
ing energy per proton, compared with 
the value ~6.93 MeV obtained from 
the nuclear masses with Coulomb cor- 
rections, This is a very significant dis- 
crepancy, One possible explanation is 
that there are some small fragments 
many MeV away from the main peaks. 
Bernheim er al. estimate that 5% of 
the strength associated with average 
separation energies of 150 MeV would 
be sufficient to account for the dis- 
crepancy. The rate of fall-off of the Is 
peak with increasing energy is such, 
however, that if it continues to higher 
energies this explanation is very un- 
likely. On the other hand if there is a 
discontinuity in the fall-off this con- 
stitutes a new phenomenon requiring 
explanation. 

Another possible explanation of the 
discrepancy is the presence of three- 
body forces, whose absence was 
assumed in deriving the sum rule, In 
order to account for the data, the con- 
tribution of three-body forces to the 
binding energy per proton would have 
to be <H,>/Z=5.9 MeV, which at 
present seems unlikely. If this pos- 
sibility is confirmed, it would be of 
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CROSS-SECTION (10. 





MISSING ENERGY i Mey 


Spectrum of the ‘missing energy’ in 
the reaction C(e, ep) with (-——) and 
without (- - -) radiative corrections. 
The ‘missing energy’ is equivalent to 
the energy required to remove a pro- 
ton from ’C, and the peaks at about 
16 and 35-40 MeV correspond to 
removal from the Ip and 1s states 

respectively. 
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great importance for the study of 
nuclear structure. It is also possible 
that the discrepancy would be reduced 
or even eliminated by a full relati- 
vistic analysis, but this has not yet 
been done. 


+ e 
Sun-shuttling lizards 
from our Animal Ecology Correspondent 
LIZARDS are distinctive by their relative 
absence from temperate forests, This 
situation, on the face of it, seems 
anomalous in view of the great abun- 
dance of insect prey species in this 
sort of habitat. Huey (Science, 184, 
1001: 1974) now points out that this 
anomaly may be resolved by consider- 
ing the ecological difficulties encoun- 
tered by poikilothermic carnivores. 

Unable to thermoregulate physiologi- 
cally, most lizards move about from 
sunshine to shade or modify their body 
posture to alter surface areas exposed 
to heat sources and thus thermoregu- 
late behaviourally (Cowles and Bogert, 
Bull, Am. Mus. nat. Hist., 83, 261. 
1944: Heath, Univ. Calif. Publs Zool., 
64, 97: 1965). Their thermal Strategy 
can be described as heliothermy. It 1s 
theoretically possible to predict the 
amount of behavioural thermoregula- 
tion that would maximise net profits by 
calculating the ‘costs’ of a physical 
movement into or out of sunshine as 
against the ‘gain’ involved in the attain- 
ment and maintenance of a specific 
body temperature. In Huey’s study on 
Anolis cristatellus in Puerto Rica the 
energetic cost of physical movement 
from shade into sunshine was estimated 
by measuring the shortest practicable 
distance from a perch in the shade to 
one in the sunshine. Anoles occupy a 
variety of habitats. Huey chose to study 
two adjacent populations, one in a 
shaded forest and the other in an open 
meadowland. If a tree or other perch 
was totally shaded and offered no sun- 
lit patches, this fact was noted. Many 
more lizards in the forest were unable 
to reach full sun without changing 
perches (which usually meant chang- 
ing trees) than were those in the 
meadow, Furthermore, those lizards in 
the forest that could reach the sunshine 
were significantly further from it than 
were those in the open. Thus there 
seemed little doubt that the energetic 
‘cost’ of heliotactic thermoregulation 
was far higher in the forest population. 

During the early morning the cloacal 
temperature of anoles in the forest 
increased significantly slower than that 
of meadow lizards and was strongly 
correlated with ambient air tempera- 
ture. Such a strong relation did not 
exist between lizards living in the open 
and the surrounding air; body tempera- 
ture of lizards in the open fluctuated by 
only 1.6° C during the day as compared 
with 4.9° C in the forest. 


The interpretation of these observa- 
tions is that behavioural thermoregula- 
tion occurs only where sun and shade 
conditions are juxtaposed. Where 
‘costs’ are high, as in the three-dimen- 
sional environment of the forest, 
anoles are passive to ambient con- 
ditions. Under these conditions the re- 
wards of sun-shuttling are insufficient 
and this is reflected in very low popu- 
lation densities. What is the evolution- 
ary significance of this exploitational 
strategy? 

A. cristatellus is a remarkable reptile 
in having such a plastic ecology. The 
genus is known for its ability to colonise 
islands de novo as well as to form 
sympatric species on islands already 
colonised (Williams, Q. Rev. Biol., 44, 
345: 1969), and its degree of thermal 
tolerance possibly accounts for its wide- 
spread success in the Caribbean, Those 
populations of A4. cristatellus that 
occupy open habitats have an energy 
budget from which reproduction can 
have a larger share than is possible in 
forest populations. Although lizards in 
the two habitats are indistinguishable 
in terms of dewlap colour, snout-vent 
length or midbody scale rows, and do 
not differ with respect to preferred 
body temperature in a laboratory gradi- 
ent, it would seem likely that their 
populations are in the process of active 
divergence. Perhaps sun-shuttling is the 
key to two questions: first, the absence 
of lizards in forests; and second, the 
complexity of Anolis speciation. 


Magnetospheres of 
Earth and Jupiter 


from N. A. Heard and A. R. L. Tatnall 
THE tragic death of Neil Brice earlier 
this year in an air crash over the Pacific 
led to the renaming of the symposium 
in Frascati (May 28-31) on the mag- 
netospheres of Earth and Jupiter, the 
Neil Brice Memorial Symposium. After 
V. Formisano (Spazio Plasma Labora- 
tory, Frascati) had opened the meeting, 
C. Kennel (University of California) 
described the valuable contribution of 
Neil Brice to the study of the Earth’s 
magnetosphere. 

The symposium fell naturally into 
two parts. In the first half the Earth’s 
magnetosphere was reviewed and results 
from several satellites were presented. 
K. Schindler (Ruhr University, Bochum) 
and V. Vasylinnas (Massachusetts Insti- 
tute of Technology) presented theo- 
retical calculations based on models of 
the magnetosphere; some attempt was 
made to extend the model of the Earth’s 
magnetosphere to that of Jupiter. 

it has been known for some time that 
Jupiter is a very intense planetary radio 
source but, as D. Gurnett (University 
of Towa) showed, the Earth is not to 
be outdone in this respect. Imp-6 and 8 
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satellites have revealed that the Earth is 
a comparable radio source and in the 
frequency range from 50 kHz to 500 
kHz, at peak intensity, the total power 
emitted is about 10° W. This radio 
emission is associated with discrete 
auroral arcs and seems to originate 
from altitudes of about 2,000 km. It 
was suggested that a satellite at this 
altttude might provide some interesting 
results. 

As R. W. Fredericks (TRW Systems, 
California) pointed out the value of 
studies of wave-particle interactions to 
the understanding of the Earth's 
magnetospheric processes; it was gener- 
ally agreed that similar studies of the 
wave-particle interactions in Jupiter's 
magnetosphere are essential. 

Motion of the Earth’s bow shock— 
the shock caused by the supersonic solar 
wind impinging on the Earth’s magnetic 
field—-was discussed by several speak- 
ers. The causes of shock motion are not 
understood but, from data from Heos 1, 
Formisano and G. Mastrantonio (Fras- 
cati) showed that a satellite is likely to 
encounter the bow shock in motion if 
tangential discontinuities are the main 
cause of motion. 

E. J. Smith Get Propulsion Labora- 
tory. California) confirmed that the 
outer boundary of Jupiter’s magneto- 
sphere fluctuates considerably, a possi- 
bility mentioned by several speakers. 
The vector helium magnetometer results 
have revealed that the magnetopause is 
crossed twice on the inbound pass and 
a number of times on the outbound 
pass. An interesting feature of Jupiter's 
magnetic dipole field is that it is 
directed opposite to that of the Earth. 
This dipole field is inclined 15° to the 
rotation axis and offset about 0.1R; 
north of the equatorial plane and about 
0.2R; towards longitude 170°. From 
this estimated dipole moment the 
surface field is between 2.3 and 11.7 
gauss compared with the Earth’s field 
of between *0.3 and 0.6 gauss. The 
dipole approximation for Jupiter is 
even less valid than in the case for 
Earth, because of the considerable 
contribution from current sheets around 
the planet. Pioneer 10 has also con- 
firmed the presence of helium on Jupiter 
and the existence of an internal energy 
source in the planet because the excess 
radiation is 2 to 2.5 x the solar input. 

The role of the Galilean moons is 
still uncertain but, as several speakers 
showed, Io in particular seems to in- 
fluence the particle flux considerably. 
Io is about the same size as Earth’s 
moon and occultation experiments have 
shown that it has an ionosphere and a 
surface pressure of 10~° bar. 

“The fly-by of a planet obviously 
leaves a number of unanswered ques- 
tions and all speakers emphasised the 
difficulty in distinguishing between 
spatial and temporal variations. 
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L. A. Sagan 


Palo Alto Medical Clinic, Palo Alto, California 94301 


By assigning an arbitrary cost to a human life, Dr Sagan 
arrives at rough estimates of the health costs associated 
with power generation. The costs of miners’ accidents and 
diseases are shown to be heavy compared with those of air 
pollution. 





CHOICE between energy sources rarely takes into account factors 
other than the market value of the commodities!:2. The costs 
of such decisions to society in general are rarely considered. 
Some of these costs are environmental: for example, disposal 
of industrial waste has often been free. Others involve the 
health, both of the general population® and of the persons 
employed in the industry of interest. In my recent study of the 
nuclear fuel cycle’ I showed that the health effects incurred by 
occupational personnel are far greater than those suffered by 
the public. 

In this study I evaluate the health costs of generating elec- 
tricity from the combustion of coal. The health costs of coal 
production and combustion should be considered in energy 
planning, but it would be presumptuous to imply that choices 
among alternate fuels will be made solely on the basis of health. 
Even so, such quantitative data as are available, as well as an 
understanding of the deficiencies of the data, should be avail- 
able to planners and decision makers. 

I decided to consider the use of coal for the generation of 
electricity for the following reasons. Although energy demands 
in the United States are generally doubling every 14 yr, demand 
for electricity is now doubling every 7 yr. Although nuclear 
fuel is expected to increase its share of electrical generation to 
66% by the year 2000, coal production for steam generation 
wile continue to increase (Table 1). 

It is difficult to consideretogether such diverse health effects 
as accidental death and injury, and chronic disease caused by 
industrial chemicals, dusts and gases. The latter are elusive, 
and their existence and magnitude is difficult to demonstrate. 
The technique I adopted was the assignment of dollar losses 
associated with disability and death. This requires an arbitrary 
assignment of a cost per human life. The figure I have chosen is 
$300,000 which is the multiple of an assumed productive value 
of $50 d` and a loss for accidental death of 6,000 working 
days as suggested by the American National Standards 
Institutet. No attempt is made to put this estimate on an annual 
basis by future discounting. | must emphasise that this is not an 
attempt to make moral judgment about the value of life. 
Such a valuation of life is implicit in decisions concerning 
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Table 1 Predicted use of fossil fuels 





Fossi Fuels 


Total energy Electricity for electricity 

tig fo (x 10% BTU) (x10? KW h) ( x10" BYU) 
-1970 69 1.5 14 
: 1985 133 4.5 20 
9.0 24 


2000 19} 








Health costs associated with the mining, 
ransport and combustion of coal 
in the steam-electric industry 





‘tried to quantify. 








health and safety expenditures. In a study for the Office of oiio 
Science and Technology’, a life value of $140,000 was assumed = 
with which to measure the cost effectiveness of automobile: oe 
safety features. This was arrived at simply by multiplying 
average American per capita income ($3,786) by the average 
age of those who died in automobile accidents (36.9 yr). 
also of interest that in a recent analysis of risks and benefi 
United States technology, C. Starr ( personal communica 
has found that the implicit value of life in public acceptance of | 
technology is $300,000. 3 
My evaluation is limited to effects which investigators ae 
In general, I have adopted pessimistic 
assumptions regarding health hazards in order to assess worst 
possible effects rather than to ignore effects for which there may 
be some evidence but not demonstrated proof. For example, 
the possibility of threshold levels of toxicity are ignored in 
favour of the assumption of the same proportionate effect at 
low levels of exposure as found at higher levels. This assumption ~~ 
is often made, particularly for radiation effects, but has recently 
been criticised as being at variance with the available biological 
evidence’. Health costs are evaluated in relation to measures 
of true or real value rather than in terms of out of pocket 
expenditures since these health costs have rarely been paid by | 
the industry responsible for the injuries. A cost of $50 dis > 
assessed for lost time due to accident, and an equal amount for 
medical costs incurred. This latter assumption is based on an \ 
estimate of medical costs of all accidental injuries®. | | 
So I have estimated the health costs of the 180 GW generated 
by coal-fired power stations in the United States. Those ¢o 
are then reduced by a factor of 180, to represent the equivale 
of a single 1,000 MW (electric) plant which is the size of a E 
modern plant supplying a city of 1 million people. A 
For a 1,000 MWe electrical generating plant of modera Se 
design, about 2 million tons per year of coal are required, ee 
assuming a heat efficiency of 8,500 BTU per KW h, a 67% =o 
load factor and the use of a medium grade bituminous coal of 3 
12,000 BTU per pound. In 1970, by the Census of Mineral 
Industries Report, 140,000 persons were employed in pro- 
duction of bituminous and lignite coals’. Production was 
3,350 tons coal per employee, so to supply a 1,000 MWe plant 
for one year with coal would require the labour of 600 persons: Bete 



























Morbidity and mortality 


In 1969 the underground coal mining accident frequency rate 
was the highest among ail industries—nearly 32 disabling 
injuries per million man hours compared to the average for all 
industries of only about eight per million man hours’, As 
productivity has increased with increasing mechanisation, the 
risk of coal mining, as measured in fatalities per million tons 
mined has fallen, but coal mining still remains more than 
twice as hazardous as metal mining and almost three times as 
hazardous as non-metal mining. In the five years 1966-1970, 
966 officially reported underground miners lost their lives, an 
average of about 200 men annually. Although surface or strip 
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mining is considerably less hazardous than underground 
mining, there were also 31 fatal accidents in surface mining 
in 1969 and 33 in 1970, the total yearly average thus being 
approximately 230 men. In 1970, 48.3% of coal was mined from 
the surface and of this 75°% was used by electric utilities. 
Thirty-nine per cent of deep mined coal was used by electric 
utilities (US Bureau of Mines, personal communication). Based 
on these estimates, 103 fatalities can be attributed yearly to the 
180,000 MWe of coal generating stations. This is equivalent to 
slightly more than a half a fatality per 1,000 MW electric 
steam plant of $171,000 yr. 

in addition to fatal injuries, there were about 2,000 d lost 
per million man hours worked in 1969 and 1970 (ref. 9). 
Assuming an 8 hour working day, | d in 62.5 is lost to accident. 
For a 1,000 MW plant requiring the labour of 600 men for its 
fuel supply, 2,880 d at a cost of $288,000 would be incurred. 

The Bureau of Mines has recently initiated a study of cost- 
effectiveness of mine safety measures which, if not definitive, 
at least provides a model for future research and development"'. 
A summary of their recommendations with estimates of cost to 
the industry together with an estimate of lives saved annually is 
seen in Table 2. These recommendations are not, however, 
mutually exclusive nor additive. They also ignore savings that 
might accrue from increased productivity of new techniques, 
reduced compensation insurance costs, and reductions in non- 
fatal accidents. 


Pulmonary disease | 


The Federal Coal Mine Health and Safety Act of 1969 establishes 
pneumoconiosis as a compensable disease occupationally 
related to coal mining, based on the observation that both 
morbidity and mortality from pulmonary disease, regardless 
of cause, is very significantly increased among coal miners'?. 
Though the relationship between coal dust inhalation and 
pulmonary disability remains uncertain}?""*, some estimate of 
pulmonary disability from coal mining seems in order. 

Since no single objective measure of coal-workers pneumo- 
coniosis relates well with clinical disability, miners’ complaints 
of shortness of breath (dyspnea), are the best measure available. 
Summing the percentage of men in all age groups with severe 
dyspnea, the increased frequency of disability is approximately 
4% per year of underground mining experience!?. Most men 
over 45 with severe dyspnea are disabled, that is, non-working, 
whereas most men with no or slight dyspnea, both under and 
over 45, are active. Although this estimate does not fit the data 
with precision, it does not seem to be an extreme view. 

Applying the 0.5% yr formula to the 600 men providing coal 
to a 1,000 MWe electrical station, 3 men per year would be 
disabled. Since the Social Security Administration estimates 
the median age at first application for disability for this disease 
among miners as 57.1 yr!*, and assuming a normal working 
life to age 65, then an average of 7.9 yr of working life are lost 
per man afflicted. Calculating 300 working days per year, 
each day valued at $50 d`, total cost per electrical station per 
year would be $355,000. 


Table 2 Cost-effectiveness of various improvements in coal mine 
engineering 


Annual cost Lives saved 


. Equipment (x $ 108) (yr!) 
Temporary roof support system 1.62 22 
Permanent roof support system 1.5 6 
Maintenance and repair 13.2 10 
Operator protection on ‘face equipment 1.306 10 
Shuttle haulage 40.0 12 
Machine loading roof fall accidents 0.045 5 
Alternative equipment modifications (6.611)* li 
Auger-type continuous mining accidents 0.150 6 
Performance of miscellaneous hand 

operations-—roof scaling 0.180 8 
Surveying 0 | 
Brattice maintenance 0.240 3 


* Source: abstracted from data in reference I1, 
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Table 3 Emissions from coal-fired electrica] generating stations 
ranked by effect 





Total US Coal-fired Effect 

emissions steam plants factor 

(10® tons) (10° tons) 
Pollutant (A) (B) (Ax sB % 
SO, 33.4 15.8 15.3 242.0 62.0 
Aerosol 35.2 3.7 21.5 79.5 20.3 
NO, 23.8 3.4 22.4 69.4 17.7 
CO 115.4 0.2 | 0.2 0.1 
Total 207.8 23.8 391.1 100.0 


Source: ref. 25. 


These estimates are based on experience with technology 
and regulatory standards for dust control which are now 
replaced by newer mining conditions. But because those 
characteristics of coal dust which produce pulmonary disease 
are unknown, there can be no confidence that current dust 
control standards and procedures will be effective in reducing 
disease. Furthermore, modern coal mining equipment tends to 
create more dust, not less. 

The Bureau of Labor Statistics does not list accident rates 
for steam plant operation as a separate category. Information 
is available, however, from the Tennessee Valley Authority's 
Colbert and Gallatin plants (personal communication) which 
both approximate the 1,000 MW plant which serves as my 
model. Averaging the experience for 1967-71, 6.65 x 10° 
man-hours were worked annually at each plant with 388.5 d 
lost because of accidents. There were no fatalities. 


Transport of coal 

At present 2,300 people are killed annually in the United States 
by railroad trains, and more than 20,000 persons injured, 
mostly at grade crossings'’. There were 27,015,000 carloads of 
freight hauled by railroads in 1970 and 5,296,000 of these 
were coal. Since half of the coal consumed in the country Is 
destined for steam stations, it can be calculated that about one 
tenth of all railroad cars are hauling coal to electrical generating 
plants. If that assumption is correct, then about 230 people 
are now being killed annually and 2,000 persons injured from 
transport needs for electrical generation from coal. Since 
this generation capacity represents the equivalent of approxi- 
mately 180 stations of 10? MWe each, 1.3 deaths would occur 
for each plant. In the absence of any data on the magnitude of 
disability associated with non-fatal accidents, no charge can 
reliably be assessed for these losses. Nor is there any charge 
for other modes of transportation, that is, barge or truck. 


è 


Combustion of coal 


Goldsmith has reviewed episodes'* of intense smog which are 
generally associated with a transient increase in the incidence 
of death from cardiopulmonary disease among the elderly and 
chronically ill. This may only reflect a life shortening of a few 
weeks or months in those already ill, since analysis over several 
years does not show correlative relationships with air pollution 
levels. It is more difficult to assess effects on induction of 
chronic disease from more moderate concentrations of pollu- 
tants. Unfortunately, too many other variables have effects 
which cannot be distinguished from those of the combustion 
products of fossil fuels (see, for example, ref. 19). There is also 
the difficulty of identifying the relative effect of each of the air 
pollutants. l 

Most attention has focused on sulphur dioxide which can 
produce acute toxicity in both human and animal popula- 
tions?*. The necessary concentrations are, however, far greater 
than those found in usban air. Acute smog episodes, such as 
those of London, 1952 (ref. 2) and Donora, Pennsylvania, 
1948 (ref. 22) have produced increased mortality with SO, 
levels which cannot be demonstrated to produce unequivocal 
human disease. 
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The earliest published attempt at estimating the cost of health 
from air pollution is that of Ridker?? who estimated that 18 to 
20% of the approximately $2 billion in national health costs 
for respiratory diseases are due to air pollution. Thus the 
damage to health from air pollution in 1958 was between $360 
and $400 million. 

The Lave-Seskin study” expands the scope of disease covered 
by Ridker. In particular they take into account air pollution 
damages to health in the forms of heart disease and of cancers 
of the stomach, oesophagus and bladder. Approximately half 
the lost income and current medical expenses associated with 
morbidity and mortality from bronchitis are ascribed to air 
pollution. The coefficient for lung cancer is estimated to be 
0.25. In other disease categories air pollution is held responsible 
for an estimated 15% of the damages associated with non- 
respiratory lung cancers, 25% of all respiratory diseases and 
10% of cardiovascular diseases. These coefficients were esti- 
mated by regressions that were run on data from published 
epidemiological studies. 

The total annual reduction in health costs which Lave and 
Seskin anticipate from a 50% reduction in air pollution is 
$2,080 million. Scaling up to 100° implies a total cost of 
$4,160 million annually. An Environmental Protection Agency 
evaluation™ has updated this figure calculated in 1963, to 
$6,060 million to account for inflation. 

The method of regression analysis as a technique for assessing 
health effects of air pollutants is not definative; but in the 
absence of other data I shall use this value of $6,060 million 
for evaluating health costs of coal-combustion products. 

Of the total tonnage of United States air pollutants shown in 
Table 3, coal burned for electrical generation is responsible 
for approximately 8% (ref. 25). To apply this percentage to the 
total air pollution health cost of $6.06 billion would be to treat 
all pollutants as having equally damaging effects on a weight 
basis. Walther” has calculated an ‘effect factor’ for each 
pollutant on the basis of its toxicity as reflected by primary 
air quality standards. The technique is obviously crude, but 
the health impact of any pollution source can be roughly 
estimated by multiplying the annual emission of each pollutant 
by the effect factor. This (Table 3) produces an annual estimate 
of $357.5 million for the nation as a whole or approximately 
$2 million per 1,000 MW plant. Such an evaluation would 
clearly be high because of the implicit assumption that all 
emission sources contribute equally to ground level concentra- 
tions, and ignores the fact that the use of high stacks at steam 
plants very much increases dispersion and therefore reduces 
ground level concentration. 

British studies demonstrate that even in the neighbourhood 
of a modern 1,000 MW electric plant less than 5°% of ground 
level SO, can be attributed to plant emissions. This was 
equivalent to adding only 0.1 to 0.2 parts per hundred million 
(p.p.h.m.) SO, to average background levels measured at the 
worst point. At greater distances where population density 
would usually be greater than in the immediate plant area, 
ground concentrations of SO, contributed by the plant would 
be in the range of 0.01-0.02 p.p.h.m., which is in the order of 
1% Of background levels. SO, generated by steam plants 


fot yet proved capable of removing more than 30 to 50% of 


cannot be detected beyond 20 mile even under the worst 
meteorological conditions. Nevertheless, 1 shall arbitrarily | 
accept the value of 1% of the $357.5 million cost estimated - 
from the tonnage of pollutants emitted from coal- steam plants. ` 
This produces an estimated total cost for the 180,000 MW of- 
coal-generated electric power of $3.6 million ($20 thousand 
per 1,000 MW electric plant). Eo 
Wilson has estimated from Norwegian data a damage. 3 
function for ambient SO, levels of 10,000 deaths per million 
‘“‘man-concentrations”’ (a man concentration is equal to number = 
of persons exposed, multiplied by average exposure to SO, 
in p.p.m. averaged over one week)?’ Estimating the population ae 
within 20 miles of a steam plant from recent environmental 
impact statements, it would appear that 400,000 people live 
within this vicinity. Exposure to 0.02 p.p.h.m. for one year 
would produce, on the basis of the Wilson estimate, 0.8 death. 
Although the evidence relating the health effects of air o 
pollution to its sulphur dioxide content is frail, environmental 
control efforts focusing on reduction of ambient sulphur 
dioxide levels have been adopted with little opposition. Tech- 
niques for the removal of SO, from stack gases are still relative 
unproven; however, the US Bureau of Mines estimates 
for the technique receiving the greatest interest commerce 
lime/limestone scrubbing, costs (including capital charge 
are in the range of 1.0 to 0.25 cents per kW h. This system has 





























the sulphur dioxide present. At best, stack gas removal systems 
are not expected to remove more than 75% of the SO, present. 
For most United States coal, this degree of removal would not 
be sufficient to reach current ambient air standards”. Clarke, 
Lucas and Ross* have calculated costs of reducing: ground 
level concentrations from a coal-burning steam plant (Fig, 1). 
They conclude that stacks are far more economical than sup ir 
removal systems for reducing ground level concentration. — 
Adopting the meterological and cost assumptions®, shown 
in Fig. 1, and the damage function of Wilson (1 death per 100 
man-concentrations) Table 4 was constructed. A population 
density of 320 persons km~? was also assumed producing an 
expectation of 42 deaths annually with a stack height of 30 m. 
Intuitively, this result clearly seems unlikely, probably implyin 4 
a highly inflated risk factor. a 
With ground level concentrations converted to mortaliey 
data, an assumed value of life can be applied to evaluate cost- 
effectiveness of reducing sulphur dioxide concentrations. The 
precision of the numbers may give the illusion of ro 
knowledge which is, in fact, not available. a 
Accepting the life value used in this study ($300,000). or. 
even a far smaller one, tall chimneys are clearly cost-effective 
whereas sulphur removal processes seem relatively coste — 
ineffective except in the unlikely case of sources near ground. = 
level. This implies that scarce, low-sulphur fuels should be — 
reserved for ground level sources whereas tall stacks should be 
used for major industrial sources such as steam plants. This. 
conclusion ignores questions of property damage or possible: 
benefits to agriculture from sulphur contamination. , 
Total human costs of operating a 1,000 MW station: are 
summarised in Table 5. Although these costs are indeed. large. 


Samama 


Table 4 Cost effectiveness of stacks and sulphur removal in reducing mortality 


Chimney alone 


Implicit 
Chimney Capital Annual life 
height cost deaths value* 
(m) ($) ($) 
30 0 42 0 
70 120,000 g3 222 
100 333,000 11 358 
120 575,000 4 $04 






170 1,600,000 0 =o 
— * Implicit life value = 





Plus 50% S removal! Plus 75% S removal 





($5,000,000) - ($10,000,000) 
Additional Implicit Additional Implicit 
lives life lives life 
saved value saved value 

($) ($) 
21 238,000 31.5 318,000 
11.5 434,000 17.3 578,000 
5.5 910,000 8.25 1,220,000 
2 2,500,000 3 3,330,000 
0 infinite 0 infinite 





= total reduction in mortality over 30 yr plant life divided by capital cost. 
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underground mining. Still, opportunities for accident reduction 
in underground mining which are highly cost-effective seem to 
be available but are so far unexploited. 

On the other hand, air pollution costs seem to be small 
compared to other health costs of coal-steam plants—less than 

°’ Sulphur removal techniques at their present state of 
development cannot be shown to be cost-effective, particularly 
in contrast to stacks and other operational control procedures. 
Because of the greater effectiveness of the latter, regulatory 
control would rationally relate to ambient air standards where 
the operating utility could avail itself of cost-effective tech- 
niques rather than to effluent standards where the utility 
must resort to technology which is clearly cost-ineffective. 
Furthermore, ambient controls are more likely to reduce 
levels of other pollutants a corresponding amount whereas 
effluent controls are likely to be specific to SO, Since the 
health hazard of air pollution from the combustion of coal is 
not known to be related to SO, exclusively, the importance of 
this effect is obvious 

It may be useful to compare this estimate of health costs 
with my estimates for a nuclear power plant of equal power 
rating’. Total costs for 10,030 MWe of the current United 
States nuclear industry were evaluated at $2,175,520. For a 
single 1,000 MWe nuclear plant, cost would be $217,552 or 
less than 20° of the annual cost of the coal fuel plant. 
Although there are uncertainties in both estimates, it would 
seem likely that the nuclear plant is clearly less hazardous than 
the coal-fired plant. An official Swedish study”! comparing 
nuclear plants with oil fuel plants reached essentially the same 
conclusion although the spread between the two fuel sources 
was found to be considerably greater. Lave has reached a 
similar result??. 


900° 


800 


7004 


600 


500 


400 


300 


Total pollution (mg m~? x km? ) 


200 


100 





(3) 0 100 200 300 400 500 These conclusions refer to normal operating conditions and 
(2) 0 30 70 100 120 170 ignore possible differences in accident potential, for which 
(1) 0 120 333 575 1600 precise data are not available. Recently Starr ef al.” have 
(3) Effective height (m) analysed and compared accident probabilities for nuclear 

l m plants and fossil-fuelled generating plants. They conclude that 

(2) Chimney height (m) the probability of accidental death from the nuclear plant is 


smaller than from a similar fossil-fuelled plant. 
The greatest weakness in this analysis is the estimate of 
health costs of air pollution. Ultimately, the most significant 


(1) Chimney cost ($ thousand) 


Fig. 1 Dependence of total pollution on source strength and estimates will follow establishment of damage functions for 
chimney height. Threshold: 100 ug m~*; wind speed: 5ms~™. each pollutant and the ability to evaluate total human impact 
Source strength of SO, (kgs~') and capitalised cost of its of such exposures from known meteorological and chemical 


removal: a, 1, $0; b, 5, $ 5 million; c, 25, $ 10 million; d, 125, 
$ 15 million. 


in human terms, they are small compared to annual revenues 
generated by such a plant. Assuming a load factor of 67% 
and sales at 2 cents per kW h, annual revenue from such a 
plant would be about $29 million. 

Mining of coal is seen to account for approximately 50% 
of all health costs associated with the generation of electric 
energy from coal. Strip mining is only about 15°% as likely to 
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Are BL Lac-type objects nearby black holes? 
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SpA APY EAH ee HOPE PAIR HY RR Hee AA te hh heehee Ait enteral ee eee eT rp ma: 


Isolated black holes accreting interstellar gas can account 
for the salient properties of the BL Lac-type objects. The 
observed frequency spectra in the visible and infrared, the 
rapid variations in intensity and polarisation, and the 
absence of discrete features in the optical spectra are all 
consequences of the adopted black hole accretion model. 


Aeee ainar inienn ammm A a a a ŘŘ  aŘ— 


STRITTMATTER et al have discussed the possible existence of an 
entirely new class of astronomical objects with the following 
properties: (1) extremely rapid variations in the radio, infrared, 
and optical intensity; (2) most of the energy is emitted at infra- 
red wavelengths; (3) absence of emission or absorption lines 
in their optical spectra; and (4) substantial and variable polar- 
isation at optical and radio wavelengths. The prototype and 
most extensively studied object in this class is the variable star 
BL Lacertae (VRO42.22.01), Other Lacertids, as members of 
this class are now known, include OJ287 (VRO20.08.01), 
ON231 (W COM), ON325 (B2 1215-430) and PKS1514-24 
(AP Lib). 

Optical and near inf fated spectrophotometry of the objects!* 
reveal a steepening decline in the flux density from 10% to 10% 
Hz. The spectral shape, together with the observed rapid 
variations in intensity and polarisation, indicates that the 
observed radiation from the Lacertids results from nonthermal 
processes. The rapid variations further suggest that the emission 
originates from a very small region (< 10" cm). As a conse- 
quence of their nonthermal spectra, compactness and vari- 
ability, these objects have been likened to quasistellar objects. 
But no redshifts can be measured because of the absence of 
spectral lines; so their distances remain unknown. Moreover, 
in the case of BL Lac, the very steep slope of the spectral- 
energy distribution above 101+ Hz suggests that this object is 
not a QSO (refs 3, 5). 

As an alternative, we wish to point out that isolated black 
holes accreting interstellar gas can account for the charac- 
teristic properties of the Lacertids. The suggestion that these 
compact nonthermal sources may, be massive (>10'Me@) 


-<a black holes has already been proposed by Pringle er al.. Here 
~~ “we. discuss the possibility that the BL Lac-type objects are 


nearby, stellar-mass black holes ([Me<M<100M@) in the 
Saoi disk, 


Basic model 


The total luminosity and frequency spectrum of radiation “3 


emitted by interstellar gas accreting on to a black hole have 
recently been calculated for spherically symmetric, steady 
state accretion’**. In this case, if there is a finely tangled and 
randomly oriented magnetic field in the interstellar gas, the > 
rapid reconnection of oppositely directed radial field lines — 
promotes an equipartition of magnetic and gravitational 


‘energy throughout the infalling plasma, (87/8n =~ GMpo/r). 


Synchrotron radiation by relativistic electrons gyrating around. 
the magnetic field lines is the principal radiation mechanism > 
in the gas, resulting in a total observed luminosity we 
Ls = 5 x 10% (7,/10,000 KY* (M/10M@)° (7,/10 cm?) 3 
ergs? (1). 

provided B = (7T,/10,000 K)? (M/10 Me) (79/10 cm) 10. 


Here, 1, and T, are the density and temperature, respectively, R 


of the ambient gas and M is the mass of the black hole. If 
the black hole is moving supersonically through a uniform. — 


medium with a velocity V, the results of the calculations” ae 
still apply provided we set AT, = m,V?, where k is Boltzmann's 
constant and m; is the ion mass. The calculated spectral energy © 


distribution falls sharply with frequency throughout the range = 
Yı < ¥ < yg, where a7 

ve =~ 7 x 10% (n,/10 cm?) ? (7,/10,000 K)-** Hz (2) 
is the’ peak synchrotron emission frequency in the region 
immediately outside of the Schwarzschild radius at r = 2m = 
2.95 x 10° (M/10M@) cm and 

v © 2 x 10% (n,/10 cm?) (7 9/10,000 K)%/4* 

(M/10OM@)°" Hz (3) 

is the characteristic frequency below which synchrotron 
radiation is self-absorbed by the gas. 


Comparison with observations 

The continuous emission spectrum is plotted in Fig. 1 
for the accretion of ionised hydrogen with Tẹ, == 10,000 K 
(corresponding to V ~ 10 km s`) on to a single black hole. 


Emission spectra are shown for various interstellar gas densities 


and black hole masses and the results are compared with. the 
data plotted by Strittmatter er al. for the BL Lac-type objects. 
Each theoretical curve has been fitted to the observed data for 
BL Lac at approximately 10 um. This corresponds to placing 
the black hole at a distance. | 











© d = 10 pe (mp/10 em) (M/10M@)”? a 
_ For all curves most of the energy is emitted in the infrared 


= part of the spectrum in agreement with the observed spectra. 


The theoretical curve computed for na = 10 cm and M x 10 
Me is.in reasonable agreement with the observed spectral 
energy distribution of BL Lac in the visual and infrared to 
10 um. 

Irregular time variations in intensity and polarisation are 
a natural consequence of an accretion model. Inhomogeneities 
in the ambient medium as well as instabilities and turbulence 
associated with the flow will inevitably lead to significant 
fluctuations in the total emission from the gas. These fluctua- 
tions are expected to occur over a variety of time scales. For 
example, intensity variations may result when the hole moves 
out of one turbulent cell of interstellar gas and into another’. 
The time scale for such variations is roughly 

Alus X Felllg = (10 yr) (M/10M@) (uo/10 kms")? (5) 
where r, = GM/u,* ~ 5 x 10" (M/10M@) (u,/10 km sy? cm 
is the capture radius of the black hole and uy = (aa? + V*)'/?, 
where a, is the ambient sound velocity. On shorter time scales 
magnetic field reconnection, which is believed to be responsible 
for solar flares (see ref. 10 and references therein) may lead to 
strong flaring in the luminosity of the accreting gas. In the 
proposed accretion model the largest scale size associated with 
magnetic reconnection is roughly r *, where r * is the radius at 
~ which the frozen-in magnetic field has been sufficiently ampli- 
© fied by the compression of the infalling fluid that B*?2/8x ~ 
 GMp*/r*, In the zone re > r 2 r*, lying just above the 
reconnecting region, the field is frozen in, requiring that B = 
Barir Y; so the reconnection rate at r * , is given by 

Atec = r*/va*® x (O.01AG urb) (B3 x 10 gauss)? 

(no/10 em’)! (a,/10 km sy? (6) 
where y,* is the Alfven speed at r* and B, is the ambient 
field strength. Magnetic reconnection will occur throughout 
the region r* > r 2 2m, maintaining an equipartition of 


oa magnetic and gravitational energy in the plasma. The longest 


timescale associated with magnetic flaring is Af mag © Afrec* OF 
Afmag © (0.1 yr) (By/3 x 10° gauss)? (71,/10 em) 

(MNOM @) (u,o/10 kms") > (7) 
A caddies release of magnetic field energy and magnetic pressure 
should accompany each flare, causing an enhanced flow of 
plasma toward the hole and a corresponding burst of luminosity 
lasting a period Af,a,. Finally, the shortest timescale for 
luminosity fluctuations is presumably associated with the infall 
rate (= reconnection rate) near the Schwarzschild radius, 

Atmin = 2GM/c® =~ (10% s) (M/10Me) (8) 

The random outbursts lasting ~ 1 month which occur on BL 
Lac and OJ 287 (refs 11-14, 18) agree with the predicted dura- 
tion of a magnetic flare, assuming stellar-mass black holes and 
typical interstellar conditions (see equation (7)). BL Lac 
also exhibits more gradual luminosity modulations lasting 
about 10 yr (ref. 12). This long period variability may be 
associated with inhomogeneities in the interstellar medium 
in accordance with equation (5). Similar optical variations, 
occurring on a timescale of years, have been observed in 
OJ287 (refs 14, 15). Short period variability (<1 d) has also 
been observed for these two objects*#4-!", as would be expected 
from an accretion model. 

A net polarisation of the emitted synchrotron radiation 
would not occur in the case of spherically symmetric flow and 
finely tangled and randomly oriented fields. But inhomogeneities 
in the ambient medium, angular momentum of the gas, 
instabilities and turbulence may all lead to a highly variable, 
random net polarisation. The polarisation variations would 
then be correlated with the flaring activity of the source, a 
result consistent with the observations®:1*. 

As shown by the dotted lines of Fig. 1, the synchrotron 
radiation is strongly self absorbed below v ~ v,; so another 
radiation mechanism must: be invoked to explain the radio 
emission from the objects. In the infalling plasma, conditions 
are favourable for the generation of radio emission through 
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Fig. 1 The continuous emission spectrum from interstellar gas 


accreting on to a black hole compared with the observed spectra 

of the BL Lac-type objects as plotted in Strittmatter et al.. The gas 

consists of pure hydrogen with Te = 10,000 K (Fæ 10 km s); each 

curve is labelled by the corresponding value of black hole mass M. 

The dotted lines indicate synchrotron self-absorption. @, BL Lac; 

O, 034287; G, ON231; A, B2 1215+ 30; á, AP Lib. ==- 
Ay = | ‘om; , ay = 10 em; — ee — —, Ng = 100 cı ii, 





coherent processes. Because of steep density and temperature 
gradients, longitudinal plasma waves and transverse ẹlectro- 
magnetic waves will be coupled in the plasma. The possibility 
then exists for converting some of the electrostatic energy 
contained in plasma oscillations into radiation, a process which 
has been proposed as the origin of the enhanced radio emission 
from active regions on the Sun!**°, The emission from a 
particular region is confined to the narrow frequency band 
vy < vy < 14 v, where v, = (enrm) * is the plasma 
frequency. In the model, the radio emission in a given frequency 
band centred about v originates from the thin spherical shell 
of gas at r in which vy œ v(r), where, 
vp Ir) = 2 x 10% QM/r)4 (n {10 em7?)¥? 
(u10 kms?) ** Hz (9) 
If the emission is proportional to the available flux of gravita- 
tional potential energy passing across each shell (L £ GMmj/r, 
where m is the accretion rate in gm s“') then the radio emission 
spectrum will vary as 
L, œ v3, y < vy (2m) (10) 
in rough agreement with observations below 10" Hz (ref. 1). 
For each of the BL Lac-type objects the radio emission is only 
a small fraction of the total luminosity. In the case of BL Lac, 


Leadioil-irn < 0.04. Since the proposed synchrotron emission 


process itself converts only a small fraction of the available 
gravitational energy into radiation (~ 0.018), the conversion 
of gravitational energy into radiation by plasma oscillations 
can be quite inefficient and still produce the required flux. 


Predictions 

Model caiculations’ predict that, in addition to infrared and 
optical radiation, a high energy tail of y-ray radiation between 
1 and 10 MeV will be emitted due to electron-proton and 
electron—electron bremsstrahlung in the plasma. The total 
bremsstrahlung luminosity 1s 
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Ly =~ 2 x 1078 (7T,/10,000 k)” (Mj10M@)§ 

(nal 10 cny?) ergs? (11) 
Unfortunately, for typical interstellar conditions and stellar- 
mass black holes, this y-ray flux is far below the detectability 
limit of modern devices, even for nearby objects. 

Rough estimates indicate that there may indeed be a finite 
number of stellar-mass black holes close to the Earth as 
required by the theory. From the known stellar birth rate 
function in the disk, stellar evolution time scales, and numerical 
computations of supernova explosions, it has been estimated? 
that as much as 1 °% of the mass of the Galaxy may now be in 
the form of black holes with masses > 10A74@. This implies a 
local space density of black holes | 

Nna ~ 2 x 1073 pers, (12) 
indicating that there could be eight such objects within 10 pe 
of the Earth. 

A proper evaluation of the proposed model is not possible 
without a reliable determination of the distances to the objects. 
According to Pigg and Cohen”, the 21-cm absorption profile 
of BL Lac suggests that the object is at least 200 pe away and 
may be extragalactic. This lower limit would be substantially 
overestimated if a dense interstellar cloud is associated with 
BL Lac. If BL Lac and the other such objects are located 
within a few tens of parsecs of the Earth, their proper motions 
could be detected by both optical and radio techniques. 

If it is determined that the BL Lac-type objects do indeed lie 
outside of the galactic disk, a black hole accretion model may 
still apply if any of the following are true: 

(1) The infalling material possesses sufficient angular 
momentum to form an accretion disk about the black hole. In this 
case, the conversion of gravitational energy into infrared 
radiation via synchrotron emission may be far more efficierit 
than in the case of spherical accretion, even for stellar-mass 
objects and typical interstellar conditions. ®*?, 

(2) The Lacertids are clusters or loose associations of stellar- 
mass black holes. 


+? Craine, E: R., and Warner, J. W., Astrophys. J. Lett., 


(3) The Lacertids are supermassive black holes situated in the 
galactic halo or at greater distances’. 

These three possibilities clearly require further theoretical 
investigation. 
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The specific abrogation of an established immune response 
was studied by removin® in vivo most of the immuno- 
competent lymphocytes reactive against the specific antigen, 
thus restoring the animal to a state of specific immunological 
virginity. 


THE specific abrogation of the allergic response in vivo has 
been described in various experimental systems. In the induc- 
tion of immunological tolerance':*, there is a central failure 
of the allergic response either as a result of clonal elimination 
or inactivation of specific antigen-sensitive cells. The existence 
of serum blocking factors which prevent the expression of an 
established allergic response has recently been described***. 
In this case antigen-specific lymphocytes exist in vivo but fail 
to express their specific reactivity on account of serum blocking 
factors thought to be immune complexes’. 

Here we describe another approach to the specific abroga- 
tion of an established immune respohse. This has been done 
by removing in vive most of the immunocompetent lympho- 
cytes reactive against a given antigen thereby restoring a 
-primed animal to a state of specific immunological virginity. 


Model system 


The system makes use of a model*’ involving cannulation of 
the efferent lymphatic from a single lymph node in sheep 
and subsequent drainage of lymph from the cannulated node. 
In this model it has been shown’ that macromolecules and 
lymphocytes which enter the parenchyma of a lymph node, 
leave the node only by way of the efferent lymphatic and cannot 
re-enter the peripheral blood directly from the lymph node. 

We wondered whether there is an antigen-specific, selective 
mechanism in stimulated lymph nodes which enhances the 
entry into the node of lymphocytes specific for the antigen. 
If this is so, then by draining the efferent lymph from an 
antigen stimulated node, it should be possible to specifically 
abrogate the response of a primed animal, restoring it to a 
state of specific immunological virginity. 

Random bred ewes from 1-4 yr old were injected with 2.5 
human doses of BCG (Bacillus Calmette Guerin) and then 
primed to fiuorodinitrobenzene (FDNB) by skin painting both 
ears with 100 pl of FDNB in a 1:1 solution of acetone and 
olive oil. The animals were injected 10 d later with 10 mg of 
rabbit gamma globulin (RGG) and finally with 10 mg of 
NIP chicken globulin (NIP-CG). The injection schedule was 
phased to avoid antigenic competition® and all injections were 
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Fig. 1 Kinetics of lymphocyte output in the efferent lymph 

of BCG sensitive sheep after repeated stimulation of the can- 


nulated lymph node with PPD. Heavy arrows indicate injection 
of 100 ug PPD in saline. 


given intramuscularly in the shoulder region. The hapten 


NIP (4-hydroxyl-5-iodo-3-nitrophenacetyl-) was conjugated 
to CG as described’, the resulting molar ratio being 15 NIP 
groups per CG molecule. Both RGG and NIP-CG were given 
as alum precipitates together with 4 x 10° heat killed B. 
pertussis, The sheep were thus primed to two haptens and 
several protein carriers. 

The popliteal lymph node was then cannulated and both 
lymph and lymphocytes collected twice a day for 3—4 weeks. 
During this time PPD (purified protein derivative of tuber- 
culin, Batch 288, Central Veterinary Laboratories, Weybridge, 
Surrey) was injected repeatedly into the drainage area of the 
node. The second local challenge with PPD was given as 
NIP-PPD (mean conjugation ratio 0.5 NIP groups per PPD 
molecule) and the anti- NIP response measured in both efferent 
lymph and serum. This assays for PPD-specific ‘helper’ T cells. 


Response 

After 3-4 weeks cannulation was stopped and the systemic 
T cell reactivity of the whole animal to PPD and other antigens 
was measured both by skin testing and the ‘helper’ T cell 
assay using hapten-carrier conjugates. Antibody to the hapten 
(NIP) is formed only if there are helper T cells present which 
recognise the carrier, PPD or CG (ref. 10). The hapten-binding 
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Fig. 2 Challenge of cannulated lymph nodes with NIP--PPD. 

Anti-NIP response in blood and efferent lymph following local 

challenge _of the cannulated lymph nodes with NIP-PPD. 

Antigen binding capacity (ABC) in serum or lymph expressed as 

units of antibody ml“? of neat serum or lymph. @, Lymph 
ABC; C], serum ABC. 
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capacity (ABC) of the serum or lymph was measured by the 
Farr Assay" using 107¢ M N?!**IP caproic acid as hapten??. 
The antigen binding capacity was calculated from the linear 
portion of the binding curve between 3%, binding (1 unit of 
antibody mi~!) and 30° binding (10 units of antibody mi~'). 
Sera or lymphs were serially diluted such that two dilutions 
lay between 3 and 30° binding. 

The kinetics of lymphocyte output in the efferent lymph 
of two cannulated sheep are shown in Fig. l. In each case 
local challenge of the node with PPD produced a typical 
response in lymphocyte output characterised by a period of 
cell shutdown lasting 20 h followed by a large increase which 
is nearly always biphasic. The magnitude of the response 
decreased with repeated challenge. 

During this response the second injection of PPD was 
given as NIP-PPD and the anti-NIP responses measured in 
both efferent lymph and blood. The first two sheep (Fig. 2) 
showed a brisk response to the hapten in the efferent lymph 
of the stimulated node. There was, however, no concurrent 
antibody response in the serum of these sheep, indicating that 
neither antigen nor antibody reaches the general circulation 
from the stimulated node. Thus PPD-specific T cells are 
present in the cannulated sheep at this stage and cooperate 
with hapten-specific B cells to initiate antibody formation to 
NIP. 
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Fig. 3 Delayed hypersensitivity skin reactions to intradermal 

challenge with PPD and FDNB in cannulated (a) and contro! 

(6) sheep. PPD used at 6, 12, 25, 50 and 100 pg. FDONB (100 ul) 
used at concentrations 0.1, 0.2, 0.9, 1 and 2°; B, biopsy. 


In the third sheep an anti-NIP response was detected in 
the serum as well as in the lymph. This cannulation stopped 
spontaneously after 8 d so it is likely that either collateral 
efferent lymphatics or lymphatic-venous connections had 
developed, affording systemic antigen escape and stimulation. 

After five injections each of 100 ug PPD into the drainage 
area of the popliteal lymph node, the cannulations were 
stopped and the sheep tested systemically for delayed hyper- 
sensitivity skin reactions to PPD and FDNB by intradermal 
challenge on the flank. In contrast to the control sheep (Fig. 3) 
the cannulated sheep were virtually skin-test negative at 24 
and 48 h after intradermal challenge to concentrations of PPD 
ranging from 6 to 100 ug. Two of the control sheep (3 and 4) 
were challenged five times at approximately 100 h intervals 
with 100 ug of PPD into the drainage area of the right popliteal 
lymph node, before inyadermal challenge. Other control 
sheep were not injected with PPD before intradermal challenge 
and produced in each case similar reactions to PPD (sheep 5). 

To check the specificity of this unresponsiveness the same 
sheep were similarly skin tested with FDNB (Fig. 3). In each 
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Fig. 4 Delayed hypersensitivity skin reactions to PPD in sheep 

“cannulated for intervals of 33, 22 and 11 d and tested at several 

intervals after cannulation had stopped. PPD concentration 
as for Fig. 3. 


| case 100 ul of FDNB at concentrations ranging from 0.1-2°% 
in 4:1, acetone:olive oil was painted on the left flank. As 
shown in Fig. 3, there was little difference between cannulated 
and control sheep with respect to their delayed reactions 
measured at 24, 48 and 62 h after challenge. In non-F DNB 
primed sheep (sheep 5), challenge with FDNB produced a 
marked inflammatory response with skin thickening which 
is largely due to oedema and infiltration of the site with poly- 
morphonuclear leukocytes. This nonspecific reaction, can 
obscure the specific response particularly at 24 h, but by 48 
and even 62 h later the inflammatory response decays whereas 
in primed sheep the delayed reaction persists. Skin biopsies 
of the reaction to 1° FDNB in primed sheep showed typical 
mononuclear infiltration and histologically both cannulated 
and control sheep were indistinguishable. Although the can- 
nulated sheep were not skin tested with PPD before the start 
of canmulation it was noted that the first few injections of PPD 
below the lymph node produced a strong delayed reaction 
in the tissues surrounding the injection site. 

The delayed hypersensitivity reactions to PPD of sheep can- 
nulated for various days and then tested at frequent intervals 
after cannulation had stopped are shown in Fig. 4. It seems 
‘that sheep have to be cannulated for at least 21 d before they 
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become specifically unresponsive to the antigen used. A sheep: 
cannulated for only 11 d and injected three times with PPD- 
showed little diminution in its delayed reaction to PPD. Th 
reappearance of PPD reactivity in the sheep cannulated fo 
33 d is presumably due to the fact that BCG vaccination i 
a living infection and antigen persisting within the macro 
phages of the cannulated sheep stimulates virgin T lympho 
cytes as they emerge from the thymus. : 

Delayed hypersensitivity skin reactions are only one measure. 
of T cell function. Attempts were also made to determine 
whether this specific unresponsiveness was also reflected at —— 
the level of specific ‘helper’ T cells, by challenging the sheep 
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Fig. 6 Hypothetical models to explain specific depletion. of S 

antigen-reactive lymphocytes from the whole animal. a, Specific. ee 

entry to lymph nodes; b, random entry with specific trapping... | 

Explanation in test. PPD, PPD-reactive lymphocytes. CG, CGe000 7 

reactive lymphocytes. LN, Lymph node. PCV, Post capillary. 
venule, PPD/CG, ratio of specific cell types in lymph node, 


with NIP-PPD at a time when they were still unresponsive: ee 
to PPD. This has been done in two sheep with the same result,” 
the typical response in one of them being shown in Fig: 5. 
Compared with the control, cannulated sheep fail to make 
any serum anti-NIP response on intravenous challenge with = 
NIP-PPD. This unresponsiveness of ‘helper’ T cells was also = 
found to be specific since challenge with NIP-CG 10 d later 
when the animals are still unresponsive to PPD (see Fig. 4) = 
does result in an anti-NIP response, which was approximately. . 
70° of that seen in control sheep. n 
Using these two criteria of specific T cell function, the resus == 
indicate that cannulation of the efferent lymphatic from a > 
single lymph node of primed sheep, together with repeated 
stimulation of the cannulated node results in specific abroga- 
tion of the allergic response to the stimulating antigen. This 
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phenotnenon is similar to that in which the lymphocytes 
involved in the mixed lymphocyte reaction can be specifically 
depleted from the total recirculating pool when allogeneic 
lymphocytes are injected into a cannulated lymph node (ref. 13 
and R. S. Cabill, H. Frost, and Z. Trnka, in preparation). 


Removal of antigen-reactive lymphocytes ? 


Our explanation for this phenomenon is that there is an antigen 
specific selective mechanism operating at the level of stimulated 
lymph nodes which specifically removes antigen-reactive 
ivmphocytes from the total recirculating pool. Since T cells 
are predominantly a mobile population of cells the net result 
of this mechanism is to specifically deplete antigen-reactive 
T lymphocytes from the entire animal, 

Other explanations based on some form of tolerance induction? 
or specific desensitisation'* would demand that either antigen 
or blocking factors entered the systemic circulation from the 
lymph node. Failure to produce a serum antibody response 
following local challenge of the node with NIP-PPD whilst 
sustaining an anti-NIP response in the efferent lymph is evidence 
that neither antigen nor antibody reaches the systemic circula- 
tion from the lymph node and exits only through the cannulated 
efferent lymphatic. In two similarly injected control animals 
the skin reactions to PPD in one were slightly weaker than 
noninjected controls but there was no difference in their anti- 
hapten response after challenge with NIP-PPD. This indicates 
a slight degree of desensitisation in such animals with regard 
to delayed hypersensitivity skin reactions, but this is not 
reflected at the level of ‘helper T lymphocytes. 

At least two mechanisms can be proposed to explain 
antigen specific selection (Fig. 6). Assuming that the propor- 
tion of PPD-reactive and CG-reactive lymphocytes are the 
same in peripheral blood (PPD/CG=1) then if lymphocytes 
only crossed the high endothelial cells of the post-capillary 
venule (PCV) randomly this ratio would remain the same 
and systemic depletion, when it did occur, would be non- 
specific. To explain specific depletion it could be argued that 
over and above random entry into stimulated lymph nodes 
there is a specific entry mediated by antigen attached to the 
luminal surface of the high endothelial cells of the PCV which 
preferentially selects PPD-reactive lymphocytes into the node 
(Fig. 6a). The net result is that within the node the ratio of 
PPD-specific: CG-specific lymphocytes is greater than | and 
specific depletion from the peripheral blood gradually occurs. 
It seems likely that at each passage through the lymph node 
only a fraction of the specific cells would be removed at any 
one time. 

There is a precedent for membrane-bound antigen attached 
to the surface of macrophages’ in lymph nodes but not as 
yet for endothelial] cells. Since there is ample functional evidence 
to show that antigen never escapes systemically from a stimu- 
lated node™!® such a model would demand that the antigen 
once bound to the surface of the high endothelial cell was 
rarely released into the circulation. 
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The alternative explanation is one which challenges the 
accepted fact that lymphocytes only move from blood to 
lymph and never in the reverse direction’’. In this model 
(Fig. 6b) a proportion of the cells which enter the node then 
travel in the reverse direction from lymph node to blood. In 
stimulated nodes, antigen within the node specifically blocks 
the return of PPD reactive lymphocytes but not of CG-specific 
cells and again the net result in time, is a specific, systemic 
depletion of PPD reactive lymphocytes. The specific trapping 
of lymphocytes by antigen and their subsequent disappearance 
from the thoracic duct lymph has been described in other 
systems!” 0, 

Our results at this stage do not enable a choice to be made 
regarding mechanisms but they do raise some interesting 
questions concerning the physiology of lymphocyte traffic (or 
circulation). 

Finally, we point out that the experimental system des- 
eribed here affords a simple surgical means of specifically 
abrogating the allergic response of a primed animal to a given 
antigen. It remains to be seen whether this approach can be 
exploited in organ transplantation or in the specific abrogation 
of autoallergic disease. 
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Immunocompetence is first evident at the invertebrate 
level in coelenterates. Primordial cell-mediated im- 
munity revealed by specific allograft reactions with at 
least short term memory is demonstrable in advanced 
invertebrates, whereas integrated cell-mediated and 
humoral immunity evolved progressively with the 
vertebrates. 
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SprciFic immunological competence with long lived 
memory is found in all vertebrate immune systems, asso- 
ciated with lymphoid cells, a thymus equivalent and the 
ability to produce serum antibodies. Two major pathways 
determining cellular (f lymophocyte) and humoral (B lym- 
phocyte) immunity can be distinguished in all classes of 
vertebrates. Though most primitive among vertebrates, 
hagfish and lampreys (Cyclostomes) reject skin allografts 





Nature Vol. 250 July 12 1974 


with concomitant development of specific immunological 
memory and produce IgM-type antibodies to potent 
xenogeneic antigens’. Given such impressive capacity at 
this level of phylogeny, one must look to the invertebrates 
for the origins and early mechanisms of immunocom- 
petence, Until recently, little was known about the mole- 
cular defence mechanisms of invertebrates beyond 
nonspecific phagocytosis. We now know that rudimentary 
mune responsiveness with at least short term memory 
ts.among certain advanced invertebrates, At still lower 
levels of phylogeny, immunorecognition and immunoin- 
compatibility reactions with impressive specificity are 
demonstrable, but a memory component is doubtful’, In 
spite of information gaps, a new conception of immuno- 
evolution is emerging: 
competence evolved progressively among metazoan inver- 
tebrates long before the additional (B-cell) vertebrate 
capacity to produce immunoglobulin antibodies. — 

The best studied and highest level of immunoevolution 
characteristic of all vertebrates can be designated ‘inte- 
grated cell-mediated and humoral antibody immunity’, The 
cytoarchitecture of the lymphoid system and the molecular 
diversity of antibodies produced attain progressively. higher 
levels of complexity in the evolution from fishes to 
mammals’, Circulating immunoglobulin antibodies of one 
or more molecular classes are inducible in vertebrates (B- 
cell pathways) in addition to immunorecognition and cell- 
mediated immunity reactions (T-cell pathways) also 
evident in invertebrates’. Elaborate homeostatic regulation, 
including still poorly understood T and B-cell cooperation 
and suppression, is operative in birds and mammals. This 
can be regarded as the ‘Rolls-Royce model’ of immuno- 
responsiveness with numerous interdependent pathways 
(Fig. 1). 

Important details of immunoregulation, especially toler- 
ance, immunological blocking, memory and mechanisms of 
specific cell-mediated immunity, remain controversial or 
unknown. To pursue the Rolls-Royce analogy, a less 
elaborate Land Rover model of essential immunocom- 
petence,is found among fishes and amphibians, while bicycle 
models now appear characteristic of invertebrates. Depend- 
ing on the environmental circumstances of course, the 
bicycle or Land Rover may be superior to the Rolls-Royce. 
One looks then for adaptive specialisation of the defence 
mechanisms among distinctive groups which have survival 
value or assure the integrity of the body. Among ver- 
tebrates, progressive diversification in molecular classes and 
subclasses of immunoglobulins is evident in the transitions 
from primitive fishes to mammals**, 

The ancestral immunoglobulin gene probably coded for 
a polypeptide of 110-112 amino acids corresponding to the 
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separate constant and variable region domains of ant 
molecules". By gene duplication and diversification of | 
and light polypeptide chains presumably guided by 
tive selection, the IgM immunoglobulin found in: 
tebrates had already evolved in Cyclostomes seve 
dred million years ago. Why this complex antibody p 
should be primitive is still puzzling, although its poly 
structure and multiple antigen- binding sites obviously. i 
crease the probability of combination with any antigen that. 
has entered the body. Even at this level, further adaptive — 
specialisation is apparent: IgM is tetrameric in bony fishes, : 
hexameric in anuran amphibians and pentameric in certain ae 
sharks and mammals. Moreover, both lymphocyte ando 
granulocyte-series of immunocytes are found in advanced- __ 
invertebrates and all vertebrates, but the cytoarchitecture — 

of the lymphoid system varies greatly at different. levels: of | 
phylogeny’. Clearly different groups of animals have 
evolved different immunological equipment to meet 
needs. 

























Primordial cell-mediated immunity 


The capacity to develop specific transplantation ii i 
with concomitant immunological memory has been d 
strated in two phyla of advanced invertebrates—a 
worms" and echinoderms’’’. Echinoderms are more 


represent a line of evolution which diverged early from. the 
progression leading to vertebrates. Slow but specific rejec- 
tion of orthotopic integumentary allografts has been found 
in several species of earthworms, sea cucumbers and sea 
stars. The earthworm story is complicated _ by the 
explained intrapopulation compatibility versus inco 
patibility between geographically separate populat 
However, integumentary xenografts between earthw 
species are invariably rejected after a compatible hea 
in period of considerable duration. At least. short. terr 
immunological memory is evident in earthworms a 
revealed by accelerated rejection of repeat grafts placed a 
the time of or soon after initial rejection. However, th 
memory situation is more complex as indicated by 
longed survival of repeat grafts placed some time af 
initial allograft or xenograft rejection. Apparently, m A 
can be either short or long lived and positive | or negi 
in its effect on foreign tissue survival in worms, T his i 
intriguing problem of specific immunoregulation, 

observed transplantation immunity in worms is. inhe 
in populations of leukocytes (coelomocytes) as shown b 
adoptive transfer experiments. Passive transfer of imm 
serum is without effect and immunoglobulins have no 
been detected in annelids. i 
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Echinoderms, even more than annelids, possess a rich 
assortment of leukocyte types, including distinctive lym- 
phocytes, granulocytes and macrophages. Thus, mammal- 
oriented immunologists should not be surprised at the 
mounting evidence of immunological competence in the 
form of primordial cell-mediated immunity (PCMI) in these 
advanced invertebrates. Specific allograft immunity with at 
least short term memory was found in a sea cucumber 
(Cucumaria tricolor)’. Similar allogeneic incompatibility 
has now been found in two sea stars, Protoreaster nodosus 
from Australia”? and Dermasterias imbricata from Cali- 
fornia (Karp and Hildemann, unpublished). Leukocytes of 
multiple types, including macrophages, small lymphocytes 
(haemocytes) and eosinophilic granulocytes, were observed 
to infiltrate echinoderm allografts. Although the histolo- 
gical picture and chronic inflammatory reactions accom- 
panying allograft rejection in these species are similar to 
those seen in vertebrates, the memory component may be 
distinctive. Experiments now in progress in our laboratory 
to compare the kinetics and consequences of short term 
compared with long term memory could be decisive in 
defining possible limitations of PCMI. 

The lore of cell-mediated immunity (CMI) in mammals 
has expanded rapidly in recent years. The responsible cells 
are thought to be thymus-derived or T lymphocytes which 
originate in bone marrow. However, macrophages, granulo- 
cytes or equivalent cells cooperate critically with T lympho- 
cytes, especially in the killing of foreign target cells. 
Moreover, T lymphocytes have a long life span and con- 
stitute the predominant small lymphocyte in the circulation 
as shown by their distinctive antigenic markers. Also T cells 
are the reservoir of long term immunological memory and 
are generally required as so-called helper T cells for 
the activation of antibody-producing B lymphocytes. Mam- 
malian T cells are also distinguished by their characteristic 
responses to mitogens, such as phytohaemagglutinin (PHA), 
concanavalin A and E. coli lipopolysaccharide, reactivity in 
allogenic mixed lymphocyte culture (MLC) reactions, and 
ability to mediate allograft reactions or delayed hyper- 
sensitivity reactions. The extent to which these properties 
of T cells persist as such throughout phylogeny remains to 
be determined. 

Karp, Reddy, Tam and I (unpublished work) are variously 
investigating T cell type responsiveness in an echinoderm 
(Dermasterias), a tunicate (Ciona), a hagfish (Eptatretus) 
and a shark (Heterodontis) which together represent a 
transition group between the advanced invertebrates and 
lower vertebrates. Although all show similar patterns of 
chronic allograft rejection even at elevated water tempera- 
tures as evidence of PCMI, not even the hagfish and sharks 
seem capable of serum alloantibody responses. Blood 
leukocytes from these four species in culture respond 
distinctively to certain mitogens. Specific cell-surface recog- 
nition units or ancestral immunoglobulin receptors could 
be detectable on echinoderm or protochordate lymphocytes 
and pertinent results should be forthcoming. In short, 
although we are a long way from understanding cellular 
immune functions in phylogenetic perspective, the fact 
of cell-mediated immunity in advanced invertebrates is 
unassailable’. Such CMI is sharply discriminating at the 
level of antigen recognition, but could be primordial in 
lacking diversification of effector functions or a long term 
memory component. 


Immunorecognition and immunoincompatibility 

Allogenic transplants in ciliate protozoans and free living 
amoebae remain viable, but intergenus or xenogeneic trans- 
plants have always resulted in eventual cell death’. No 
immunological component is evident in the incompatible 
combinations. Interspecies incompatibilities in sponge cell 
aggregation seem to depend on binding affinities of cell- 
surface glycoproteins rather than any immunological 
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surveillance system". Species-specific adherence of sponge 
cells is analogous to tissue-specific cell aggregation in 
higher animals. No cell damage or killing has been re- 
ported as a result of incompatible sponge cell reactions, 
although this possibility deserves closer inspection. However, 
immunorecognition or capacity for non-self recognition 
of allogeneic tissue followed by incompatibility reactions 
seems characteristic of the Coelenterata or Cnidaria. 
Indeed, allogeneic incompatibility is now well documented 
in colonial hydroids®, gorgonians’’ and hard corals". 
Straightforward enzyme-substrate or biochemical incom- 
patibilities are not responsible, because allografts and even 
xenografts heal compatibly for days or weeks before tissue 
destruction occurs. 1 would now designate this ‘immuno- 
recognition/immunoincompatibility’ because of the appar- 
ent specificity of the antagonistic reactions and the com- 
patible lag period preceding manifestations of incompati- 
bility. 

The experimental evidence concerning allogeneic in- 
compatibilities in coelenterates detailed in the references 
cited above can be summarised briefly. Allogeneic colonies 
of the hydroid Hydractinia echinata fail to fuse when grown 
in contact, whereas colonies derived asexually from single 
colonies merge compatibly. Hyperplastic growth occurs 
in areas of direct contact between two incompatible colonies 
and regression of the overgrown colony usually ensues. 
A hierarchy of hyperplastic potential was found among 
diverse strains of Hydractinia and breeding experiments 
revealed complex genetic control of histocompatibility™. 
Both allografts and xenografts in gorgonian corals are 
subject to rejection, but control autografts survive in- 
definitely. Ectodermal as well as ectodermal—mesoglial 
grafts are reported to behave similarly. Incompatibility 
reactions were scored as greater with xenografts (Eunicella 
strictaz2Lophogorgia sarmentosa) than with allografts”. 
Surprisingly, disintegration of foreign transplants began 
after 4-5 d, even at the low temperature of 10°-15° C. 
Tests of specificity of rejection or immune memory have 
not been reported. 

Staghorn corals of Acropora species are also amenable to 
decisive tissue transplantation experiments'*. Branches from 
the same colony or clone fuse compatibly after 6-7 d in 
contact at 25° C and persist indefinitely with no sign of 
antagonism. Intercolony allografts generally show moderate 
incompatibility leading to soft tissue (coenenchyme) de- 
struction in the contact zone, several to many weeks after 
initial functional fusion. Probable xenografts between 
Acropora species of uncertain taxonomic status yield detect- 
able soft tissue death at the interface as early as a week 
after contact is made. Functiorfal graft survival is easily 
tested by focal probing of polyp tentacles, which induces a 
withdrawal response instantly transmitted across a viable 
graft-recipient interface through the nerve net. Compatible 
coral grafts exhibit intact polyps and persistence of pig- 
mented zooanthellae in the coenenchyme in zones of con- 
tact just as found in normal tissue. To what extent sharp 
immunological specificity or possible memory is involved 
in chronic rejection of allografts and subacute rejection 
of xenografts among these various coelenterates remains 
to be ascertained. 

Tunicates of the protochordate group are generally held 
to be immediately ancestral to the vertebrates, thus being 
advanced invertebrates far removed from the coelenterates. 
As might be expected, tunicates have differentiated leuko- 
cytic cells including abundant lymphocytes. Immunoincom- 
patibility or transplantation immunity at the level of colony 
specificity is common in colonial tunicates such as Botryllus 
species", Perophora Yiridis’® and Amaroecium species”. 
The tunic and vascular stolon of compatible colonies placed 
in contact fuse to form a continuous tube with exchange 
of blood cells. With histoincompatible colonies the tunic at 
the site of contact thickens without fusion and local necrosis 
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may subsequently occur similar to the allogeneic reactions 
characteristic of coelenterates. Our tests for allogeneic 
immunoincompatibility in the solitary tunicate, Ciona 
intestinalis, show capacity to recognise and reject orthotopic 
allografts of integument in contrast to persistent survival 
of control autografts (Reddy, Bryan and Hildemann, un- 
published). Ciona lymphocytes also respond to PHA in a 
manner similar to mammalian T lymphocytes. Tests with 
other mitogens and of MLC reactivity are underway. 
Existence of PCMI with memory as found in echinoderms 
remains to be shown in tunicates, but the precedent capacity 
for immunorecognition/immunoincompatibility is surely 
well developed. The latter capacity then may be predicted 
for all invertebrates amenable to testing. 

MLC-type reactions in mammals, and, one would predict, 
other vertebrate classes, display essentially the same prop- 
erties of inducible incompatibility that are found in coelen- 
terates and tunicates. Positive reactions between allogeneic 
lymphocytes are reflected in new DNA synthesis and 
appearance of blast cells suggestive of the hyperplastic 


contact reactions seen in coelenterates. In mice, rats and. 


humans, the capacity of lymphocytes to respond in MLC 
can be separated from the CMI capacity to kill foreign 
cells or reject allografts", Since the MLC reaction re- 
quires the two populations of cells to be alive and anti- 
genically disparate, active immunorecognition is involved. 
Preimmunisation is unnecessary and a memory component 
is either not involved or has a short term effect on the 
degree of MLC responsiveness”. The whole range of 
antigenic disparities from strong to weak can evoke positive 
MLC reactions’, although strong histocompatibility anti- 
gens yield the highest MLC responses in mammals”. So 
MLC-type reactivity probably represents an ancient im- 
munosurveillance mechanism which has persisted in phylo- 


‘One may assume that progressively more differentiated 





tion/immunoincompatibility is first evident at the inverte- 
brate level of coelenterates, while cell-mediated immunity 
with at least short term memory has been detected initially 
in advanced invertebrates, notably annelids and echino-. 
derms. There are obviously many information gaps in | 
terms of invertebrate phyla not yet studied decisively or 
at all. I suggest that immunoincompatibility as regularly 
shown by allogeneic contact reactions is primitive and has 
persisted as an effective surveillance mechanism through- 
out metazoan phylogeny. MLC reactivity in modern birds 
and mammals is essentially similar to the allogeneic pro- 
liferative antagonism seen in coelenterates and tunicates. 


leukocytic cells came to subserve this second level func- 
tion as adaptive specialisation continued during phylogeny. 


Primordial ` cell-mediated immunity with memory con- 


stitutes a third level associated with cooperation of granu- 
locytes and T lymphocytes in allograft rejection. This 


function becomes well developed in primitive fishes (cyclo- . 


stomes and elasmobranchs) associated with longer-lived — 
memory. | he 


Integrated cell and humoral antibody immunity can. be a ; 


regarded as a fourth level development (Fig. 2) peculiar 
to vertebrates and perhaps restricted to advanced bony 
fishes and higher vertebrates. At this level helper T and 


`B cells able to produce two or more molecular classes 


geny since the appearance of eumetazoan invertebrates, At - 


lower levels of invertebrate phylogeny, immunorecognition 
precedes the occurence of lymphoid cells as such, but the 
recognition function could be inherent in surface receptors 
of epithelial-type cells”. Allogeneic stimulation of the MLC- 
type is not a cytotoxic reaction. Subsequent generation of 
cells or molecules able to mediate the killing of foreign cells 
in close proximity, however, usually follows in vivo”. 


Conflicting interpretations 

All the evidence, taken together, suggests certain major 
sequential steps in the phylogeny of immunological re- 
activity (Fig. 2). The first level of cell-specific or species- 
specific aggregation is “fundamental to all colonial or 
multicellular organisms. Epithelial or other cell surface 
proteins govern compatible tissue formation in plants, 
protozoans and sponges, but these, often exquisitely 
specific, reactions lack an immunological character in 
the strict sense that incompatible cell killing or heightened 
responsiveness are not inducible. Specific immunorecogni- 





of antibodies are demonstrable. The cooperation of thy- 
mus-dependent lymphocytes (thymic hormone?) and cer- 
tain B cells seems essential in mammals for the switch- 
over from specific IgM to IgC production”. IgM produc- 
tion to quite potent immunogens may not require T and 
B-cell cooperation. Primitive fishes are capable only of 
IgM production to various antigens. Complex immuno- > 
regulation in birds and mammals (level 5) involves multiple - 
molecular classes and subclasses of immunoglobulins in — 


ways just beginning to be understood. The immunoregu- y. 


latory mechanisms of primitive fishes making only IgM 
and of invertebrates with neither immunoglobulins nor a 
thymus gland are unknown. . 

Some immunologists are reluctant to accept the view 
that any adaptive immunity exists below the level of 
primitive fishes. Burnet has considered that incompati- 
bility in colonial tunicates and coelenterates as well as 
self-incompatibility in flowering plants are examples of 
self versus not-self recognition which are not analagous 
to the immunological processes of vertebrates. Similarly, 
Dausset et al. regard the invertebrate incompatibilities 
as well as the MLC reaction in mammals as a non- 
immunological recognition system because a specific 
memory component is weak or absent. Other immuno- 
logists, however, view the allogeneic MLC reaction as an 
immunocompetent function and not simply the prolifera- 
tive response of antigen-sensitive cells to contact with 
foreign cell membrane antigen, The point is that 
allogeneic stimulation may lead to the generation of cyto- 
toxic lymphocytes with specific reactivity. The conflict 
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is only partly one of definitions. 

Extensive studies cited here indicate that immunorecog- 
nition /immunoincompatibility in coelenterates and tuni- 
cates involves not only non-self recognition of allogeneic 
tissue after initially compatible fusion; but also subsequent 
antagonistic reactions leading to localised cell death. In 
my view this constitutes the essence of specific, sharply 
discriminating, immune reactivity. Immunological memory 
associated with lymphoid cells may indeed be absent 
at the coelenterate level, but addition of these adaptive 
ingredients is clearly evident in echinoderms and probably 
also in tunicates. Available evidence suggests that cell- 
mediated immunity (T-cell function) evolved in inverte- 
brates long before the additional vertebrate capacity for 
humoral antibody production (B-cell function). Among 
the vertebrates, progressive diversification of immunocyte 
functions appears correlated with increasing interdepen- 
dence of the T and B-cell pathways. The supposition that 
immunological capacity paralleled leukocyte differentiation 
and evolved from no memory to short term to finally long 
term memory is attractive but unproved. Although the 
long known recognition system of nonspecific phagocy- 
tosis associated with the pioneering studies of Metchnikoff”’ 
is ubiquitous in metazoan phylogeny, granulocytes and 
other types of macrophages now appear to be critical 
participants in specific immune pathways and especially 
in cell-mediated immunity. 

In essence, five levels of recognition and reaction to 
foreignness (Fig. 2) are now discernible in phylogenetic 
progression. All effective in maintaining the integrity of 
the organism and the species. If one demands both 
specificity and memory as qualifications for true immuno- 
logical reactivity, then immunocompetence first appeared 
among the advanced invertebrates. But if the specific 
memory requirement is viewed flexibly also as an evolving 
characteristic, then immunocompetence is already mani- 
fest at the lower invertebrate level of coelenterates. 

I thank L. Reddy, M. Tam and R. Karp for stimulating 
discussions. This work was supported by grants from the 
National Institutes of Health. 
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Three-dimensional structure of adenyl kinase 
G. E. Schulz, M. Elzinga*, F. Marx & R. H. Schirmer 


Max-Planck-Institut für Medizinische Forschung, Heidelberg, West Germany 





A combination of X-ray data at 3 A resolution and 
sequence results has yielded the atomic structure of 
adenyl kinase, a ubiquitous enzyme which catalyses the 
Phosphorylation of AMP by ATP. The abundant 
secondary structures of the protein and the probable 
binding sites for ATP and AMP are described. 


ADENYL kinase (adenylate kinase, EC 2.7.4.3) catalyses the 
reaction’ ATP+AMP Mg?* 2 ADP. This interconversion 


of the adenine nucleotides seems to be of particular import- 
ance in organelles which have a high turnover of chemical 
energy, for example in chloroplasts’, mitochondria’, or myo- 
fibrils*. With a molecular weight of 22,000 muscle adenyl 
kinase (myokinase) is the smallest of the known phosphoryl 
transferases*. Other kinases presently studied by X-ray 


* Present address: Boston Biomedical Research Institute, 20 
Staniford Street, Boston, Mass. 02114, 


+ 
analysis have molecular weights of 40,000-100,000°-*. 

A bow resolution model of porcine muscle adenyl kinase” 
and its amino acid sequence’ have been described recently. 
The X-ray analysis has now been pursued to higher resolu- 
tion. A combination of 3 A X-ray data and the sequence 
information vielded the atomic structure of the enzyme. 


X-ray diffraction 

It has been shown” that porcine muscle adenyl kinase 
crystallises in one of the enantiomorphic space groups P3;21 
or P3.21 with one molecule in the asymmetric unit. To find 
the correct alternative we made a separate measurement of 
81 independent noncentric Friedel pairs with spacings above 
10 A (limit for negative Bragg angles on Siemens diffracto- 
meter) from the highly isomorphous CH;HgNOs derivative. 
The observed structure factor amplitude difference within 
each Friede] pair was compared with the corresponding 
difference as calculated’ from the known protein structure 
factor’ in conjunction with the known heavy atom structure 
factor’. Correlation coefficients’ between observed and 
calculated differences were determined for both possible 
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space groups. They turned out to be +0.80 and —0.80 for 
space groups P3,;21 and P3:21, respectively, indicating that 
the true space group is P3:21. By chance, this space group 
had been selected when building the low resolution balsa 
wood model described earlier’. Therefore, this model has 
the correct chirality. 

The present structure analysis includes the 4,200 indepen- 
dent reflections that have spacings above 3 A. For phase 
determination corresponding data sets were measured from 
the four heavy atom derivatives listed in Table 1. Reflection 
intensities were determined on an automated diffractometer 
following a procedure that has been described earlier”. 


Data were collected in shells of about 600 reflections each, . 


that is, a complete data set contained seven shells. A separate 
measurement of about 500 reflections distributed over all 
shells was made for the protein and for every derivative. It 
overlapped with each shell in about 70 reflections. We used 
these overlaps to put the seven shells of a data set on a 
common scale. All data sets were then put on an absolute 
scale as derived from a Wilson plot’*. This scale turned out 
to be 12% lower than the corresponding scale determined 
at low resolution”. 

All derivative data shells were corrected for systematic 
errors in the measurement before scaling and merging them 
to data sets. This correction was based on the assumption 
that the differences between derivative and protein structure 
factor amplitudes should be evenly distributed within a 
given shell. We checked for systematic deviations along the 
longitudinal and along the lattitudinal coordinates on the 
surface of the shell. Such deviations were reduced by apply- 
ing a correction factor to the derivative structure factor 
amplitude that was linear in both of these coordinates. The 
average correction on each amplitude was about +2%. This 
is not negligible because the phase analysis is based on the 
rather small differences between derivative and protein 
structure factor amplitudes”. 

In the refinement of heavy atom parameters and in the 
Fourier synthesis we omitted those reflections that have 
intensities less than twice the estimated error of the measure- 
ment. This reduced the amount of data by 8%. In the refine- 
ment we followed a procedure given by Dickerson ef al". 
It alternates between evaluation of the best phases and 
parameter shifts. The refined parameters are listed in Table 1. 

The accuracy of the analysis as a function of resolution 
is illustrated in Fig. 1. Most of the phase information is 
derived from the CH:sHgNO; and the K.Pt(SCN); deriva- 
tives because their heavy atom structure factors are much 







higher than their lack of closure errors. The K2Pt(NO2) 
derivative has a lower radial fall-off factor than the protein 
(see Table 1) and it is less radiation sensitive. Its contribution. 
to the phase information, however, is rather poor. The lack 
of closure error exceeds the heavy atom structure factor at 
higher resolution. A second CH;:HgNO, derivative could be 
prepared by blocking the thiol groups asymmetrically with 
6-thioinosine 5’-o-monophosphate (6-SH AMP) prior to 
soaking with CHsHgNOs, so that effective substitution 
numbers changed (Table 1). As judged from Fig. 1 a con- 
siderable amount of phase information is obtained from this 
derivative. One has to bear in mind, however, that this 
derivative is not very different from the other mercury 
derivative. Therefore, their contributions to the phase in- 
formation are to some extent coupled. As shown in Fig. 1 
the figure of merit for phases drops 96% at low resolution 
to 77% at high resolution, the average being 82%. These 
values indicate that the electron density map is of reasonable 
quality. 


Electron density map | 

The ‘best’ electron density distribution’® was calculated 
using the phased structure factors weighted with the 
corresponding figures of merit. The electron density map 
was computed in sections 0.94 A (=c/150) apart perpendicu- 
lar to the c-axis. These sections were plotted on microfilm 
and subsequently redrawn on perspex sheets at a scale 
1 A=4 mm. The resulting small map was very useful for 
chain tracing as well as for assigning side chains and 
preliminary Ca-positions. 

With the amino acid sequence of the protein” at hand, 
chain tracing was not a great problem. All 22 markers: 
14 aromatic side chains, six methionine and two cysteine 
residues could be found in the map and fitted. There is no 
density that has not been accounted for, Other chain 
tracings which become possible if one concedes large errors 
in electron density invariably lead to contradictions. There- 
fore, the fit of the amino acid sequence into the electron 
density map seems to be unambiguous. 

A comparison of the resulting molecular boundaries with 
those determined at low resolution” showed no difference 
except that about five residues at the N-terminus had been 
incorrectly assigned to a neighbouring molecule, that is, 
they are at a wrong place (around residue 50, see Fig. 2) in 


- the low resolution balsa wood model’’. 
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Table 1 Heavy atom parameters 
ii a al Nt a a tte ee 


Heavy atom Soaking Soaking 
compound concentration time 
| (mM) (d) - 

CH,HgNO, 0.05 S 
K,Pt(SCN), 2.0 8 
K,Pt(NO ,), 2.0 68 
6-SH AMP 2.0 18 
and then 
CH,HgNO, 0.05 4 


R* Kt Bt xt yi zł Z$ B! 
0.35 0.99 —2.9 0.480 0.857 0.115 70.0 8.0 
0.198 0.718 O.111 21.0 4.0 

0.503 0.737 0.121 12.0 22.0 

0.40 0.96 —48 0.565 0.711 0111 90.0 13.0 
0.145 0.993 0.074 38.0 33.0 

0.221 0.977 0.103 27.0 28.0 

0.162 0.703 0.097 19.0 33.0 

0.336 0.149 0.044 7.0 45.0 

0.59 0.96 +1.3 0.546 0.698 0.109 40.0 11.0 
0.145 0.705 0.094 17.0 22.0 

0.53 1.01 —2.9 0.480 0.858 0.115 38.0 1.0 
0.203 0.728 0.113 3.0 10.0 
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* Centric reliability factor’. 


t+ Scaling parameters: Initially all data sets were scaled to equal EF at low resolution. In the refinement a scale factor 1/K exp BS? with 


=sin 0/4 was allowed for each derivative data set. 
t Heavy atom positions in fractional coordinates. 


§ Effective substitution number. Units are in numbers of electrons based on an absolute scale. l l M 

i| Radial fall-off factor!”. The heavy atdém structure factor is defined as fu = E mZ mexp(— BmS*) exp 21 (hxm+kym-+izm) with the sum taken 
over all sites m of a derivative. The radial fall-off factor for the protein structure factor amplitudes is 9 A’. | 

The main sites of the K,Pt(SCN), and the K,Pt(NO ,), derivatives as well as the third site of the CH,HgNO, and the only site of a HAuCl, 

derivative! are located at the His-36 side chain in the cleft region. Thee and second CH,HgNO, sites are at Cys-25 and Cys-187, respec- 
Cate tively. 
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‘Fig. 1 Variation of root mean square (r.m.s.) heavy atom 


- -ogtructure factors, r.m.s. lack of closure errors, and the figure 





-of merit of the phases with resolution. Curves 4, B, C, D are 
the r.m.s. heavy atom structure factors and curves a, b, c, d are 
< the corresponding r.m.s. lack of closure errors for the deriva- 
“tives: CH,;HgNO,, K.Pt(SCN),, K.Pt(NO,.),, and [6-SH 
AMP+CH,HgNO,], respectively. The plot is logarithmic with 
the resolution taken as S?==(2 sin 6/4)*. All r.m.s. lack of closure 
error curves have a trough at 5 A corresponding to a similar 
minimum of the mean protein structure factor in this region. 
The overall mean figure of merit is 82%. 


Description of the molecule 
A stereo drawing of the polypeptide chain is given in 


| 2 Fig. 2. As with the low resolution balsa wood model” we 
_ selected the view that exposes the deep cleft. This cleft 
>o divides the molecule into two domains: The domain on 


| . the right side consists of three helical rods which enclose a 





-small hydrophobic core ; The “domain on the left side of 






Fig. 2 contains a parallel pleated sheet formed by five 
strands, each about five residues long. It has a right-handed 
twist like the pleated sheets in many other proteins”. The 
sheet is the architectural centre of this domain. There are 
two hydrophobic cores, one on each side of the sheet, They 
are formed between the sheet and covering helicles. About 
55% of all residues are in right-handed helical configuration 
and 13% are in the sheet. Thus, about two thirds of all 
residues are involved in secondary structures. This probably 
accounts for the exceptional acid stability of adenyl 
kinase‘. Several parts of the helices seem to be distorted 
from the a-helical configuration”. The relation between 
primary, secondary and tertiary structure is illustrated in 
Fig. 3. 

All charged side chains are on the surface of the 
molecule, Being situated deep in the cleft aspartate-93 is 
an exception. There is an unusual piece of chain containing 
five glycines and one proline between residues 15 and 22 
(Fig. 3). As shown in Fig. 2 it is situated in the cleft form- 
ing a crooked loop as expected from such a sequence”. 
This loop envelopes a dense narrow spherical peak that has 
double the height of the average backbone density. It is 
also higher and narrower than would be expected from a 
rigidly bound sulphate ion. Based upon height and width 
of the peak it seems to be due to a metal ion with an 
atomic number approximating those of Mn, Fe, Co, Ni, 
Cu, or Zn. Atomic absorption measurements on freshly 
prepared active adenyl kinase, however, revealed none of 
these metals (Gastner, personal communication), We 
suspect that the enzyme has picked up a metal ion during 
the preparation of the crystals; possibly this metal ion 
indicates the location of the Mg’ or Mn* during 
catalysis**”*. 


Location of active centre 

Adenyl kinase binds both AMP and ATP at specific sites’. 
All attempts to bind substrates or substrate analogues to 
the crystals failed’, and we must at this time rely upon 
indirect evidence to locate the active centre. . 

NMR data show that one of the two histidines in porcine 
muscle adeny! kinase is involved in catalysis”. His-36 is 
located in the cleft region and binds many heavy atom 
compounds (see Table 1) whereas His-189 lies flat on a 
very smooth surface of the molecule. Carp muscle adenyl 
kinase contains only one histidine residue, and this is 
equivalent to His-36 in the porcine enzyme (von Zabern 
and Noda, personal communication). Since it is very likely 
that a residue involved in catalysis is conserved during 
species evolution” we may assume that His-36 is at the 
active site, that is, that the active site is in the cleft region. 


Fig. 2 Stereo drawing of polypep- 
tide chain of adenyl kinase. Ca- 
atom positions are marked with 
circles. N and C termini as well as 
some residue numbers are inserted. 
In the electron density map the 
chain fades out between residues 
137 and 141 in an exposed region 
on the surface of the molecule. 
This stretch of chain, however, is 
strongly connected in the 6 A map 
and in an intermediate 4 A map. 


Nature Vol. 250 July 12 1974 


oe 
Qs A 
E] ea 
D Om 
pn os 
150 w 
oo oO 
ERP O h Q 
PO o, AN /120 
RR we (0 ) 
fe tr] o oS © & 
WT ©) OO © @ 
YW Q ANE (0) 
Ty 1700) ry @ oO 
Ayo © © © @ 
DOO & a] 
@ CG CP) O 
af (a) n 
fe 





oS, 


The region around His-36 is rather conspicuous, Cys-25 
is about 5 A away. Such a close His-Cys-pair is probably 
also present in the active centres of creatine kinase?’ and 
of the Na-K-transport ATPase”. Asp-93 is almost buried 
in the cleft. It may be hydrogen-bonded to His-36 and/or 
Cys-25. His-36, Asp-93, and Cys-25 are also present in the 
carp enzyme (von Zabern and Noda, personal communica- 
tion). Ser-38 is very close to His-36 and Asp-93. The spatial 
relationship between these three residues, however, is that 
of an equilateral triangle and not that of a straight line as 
in the charge relay system of the proteases”. The distances 
between the centre of the postulated metal ion and the 
centres of the side chains of His-36 and Asp-93 are 10 A 
and 5 A, respectively. There is sufficient space between 
His-36 and the postulated metal ion to accommodate a 
phosphoryl group. This group would also touch Asp-93. 
Moreover, there are several basic side chains in the cleft 
region. They might serve to neutralise the negative charges 
on the substrates. 

There are two hydrophobic pockets nearby. One is 
formed in the region between Gly-20 and Val-179 (see 
Fig. 2), the other one between Gly-94 and Tyr-153, that is, 
in the cleft region. It seems geometrically possible to fill 
the first pocket with the adenine moiety of AMP and the 
second one with that of ATP in such a way that the 
phosphate group of AMP and the y-phosphoryl group of 
ATP meet each other between His-36 and the postulated 
metal ion, that is, at Asp-93. This localisation of the 
substrates is comparable with the topology of the nucleotide 
binding sites in other proteins”. 

In the crystal the-second pocket is partly covered by a 
neighbouring molecule. This might be one of the reasons 
why we have not succeeded in binding substrate to the 
crystalline enzyme so far. In future substrate binding 
studies we intend to concentrate on crystal forms of adeny!l 
kinase" which have not yet been analysed. 

We are indebted to K. Biedermann, G. Miiller, and W. 
Sachsenheimer who contributed to this work; we thank 
Professor K. C. Holmes for encouragement and support. 
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_ PHYSICA, SCIENCES 
-Large flar on the red dwarf star UV Ceti 


ATTEMPTS to neasure radio emission occurring simultaneously 
with the spordic optical flares on the red dwarf dMe type 
stars have ben hindered by the rarity of large flares. Apart 
from one caseof a flare with an unusually long duration and a 
` peak magnitue of 1.7 (ref. 1) the correlation so far established 
has been limitd to flares of about 1 mag or less**. On October 


ee “TL, 1972 w were able to obtain simultaneous radio and optical 





cordings f an unusually large flare on the star UV Ceti 
26-8AB during which the apparent magnitude of the 
star increasd by more than 4.55 mag. 
~The evenioccurred during the period of cooperative observa- 
== tions of ths star* (October 1-15, 1972). The observations 
-described hre were made simultaneously by the Mk 1A radio 
- telescope atlodrell Bank, and the 30-inch Cassegrain reflector 
_-(f[¥3.5) at tk Stephanion Astronomical Station in Peloponnese. 












(£2 MHz > 3 dB). The aerial received linear polarisation 
- and the outpt was obtained by the digital sampling process’. 
A radio soute of known strength was used for calibration. A 
~~ _Iohnson duachannel photoelectric photometer? was used on 
the 30-inch rdector. 
7 The raw dta in the optical case consisted of the photo- 
= electric intenty J, (minus the sky background) during the 
flare, compard with J,, the photoelectric intensity (minus 
the sky backgound) for the quiet star. The light variation is 
plotted in Fig 1 as the variation in the 6 colour magnitude 
Am(b) == 2.5 lg I,/I.. During the peak of the flare between 
21h 18min 52s and 21h 18min 53.4s uT the recording 
pen was off scle. The other interruptions in this record are 
caused by measrements of the sky background or by checks 
of the position f the star in the field of view of the telescope. 
In the radio cas¢he data are the digital printout (logger units) 
from the samphg made five times a second and printed at 
intervals of 30 s.The scale of flux units at 408 MHz is derived 
directly from th similar digital printout on the calibration 
source (3C33). Te calibration was made between 20 h 27 min 
and 20 h 43 min r. 


Radio (408 MHz 
“Logger Units. 
(100 Units =? g 


) 
4000 | CA 
40 


Opulb colour} Am 






= aa a he cer SEE VE D a E E 
S}h20 min Ji 36min JihS52mn 22h OS min 22h 2! min 
Wh2m Wh4dmin 22hO00 min 22h 16min 2 h 32 min 
PER. a a wTOctober fi 1972 | 
Fig. 1 The radio (A, 4t MHz) and photoelectric (B, b colour) 
records of the flare on W Ceti on October 11, 1972. The ordi- 
nates for the radio recrd are digital logger units with 100 
units = 5.3 flux units (it?* W m~? Hz~). 





The radio tiescope was working on a frequency of 408 MHz — 





No corrections have been made to these 408-MHz data 
plotted in Fig. 1 but because the flare occurred when the star 
was at an elevation of about 9° from Jodrell Bank there is a 
slight baseline slope caused either by ground effects or tempera- 
ture drifts in the parametric amplifiers. The inclined abscissa 
indicates the estimated true baseline derived from recordings 
over the same azimuth-elevation range on preceding and 
following nights, when no flare occurred. In the case of the 
photoelectric records, measurements of a standard light source 
at 20h 55min and 23h 06 min, differed by only 0.004 mag. 
Therefore, no corrections have been applied, and there are no 
corrections to Am(b) for atmospheric extinction. (The relative 
air-mass factors—secant of zenith distance-—varied from 
2.078 at 20h 56min, 1.777 at 22h 44 min—upper culmina- 
tion—to 1.787 at 23h 06min uT.) Measurements in the b 
colour of the companion star d (Fig. 1 of ref. 6) were made 
according to the recommendation of IAU Commission 27 
(ref. 7). These measurements, at 20 h 56 min and 23 h 05 min 
UT were compared with the 6 colour measurements of UV 
Ceti at 21 h 06 min (quiescent state) and at 22h 27 min UT. 
Flare star minus d were + 0.54 mag and +-0.45 mag respec- 
tively. The second order extinction coefficient K” pay at 
Stephanion is usually within 0.00 mag and —0.08 mag (ref. 8), 
and because A (b-v) = 1 mag, the calculated values of these 
differences outside the Earth’s atmosphere are approximately 
0.62 mag and 0.52 mag respectively. 

The rates of energy production during the flare are approxi- 
mately 3.2 x 10% erg s` over a bandwidth of 400 MHz in 
the radio spectrum, and 2.5 x 10% erg s~* over a bandwidth 
of 6.7 x 108 MHz in the optical spectrum. This ratip of 10° 
is similar to that for large solar flares but, as found in the 
previous measurements, the total energy output in the flare 
of 107! to 1032 erg during the peak phase is at least equal to 
that of the normal photospheric continuum. In contrast, the 
total energy output of a large solar flare is equivalent to only 
about a millionth of the normal quiescent emission. 

In many earlier radio-optical correlations there has been 
evidence that the peak of the radio emission follows the maxi- 
mum phase of the optical flare by several minutes. The main 
feature of the correlation described here is the decisive evidence 
that the sharp front of the optical flare precedes that of the 
radio flare by approximately 8 min (the maxima are separated 
by 11 + 1 min). The interpretation in terms of a solar flare 
type event in the atmosphere of UV Ceti is given in an accom- 
panying paper’. 
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Model for a flare on the star UV Ceti 


On October 11, 1972 a large flare occurred on the star UV 
Ceti. It was observed simultaneously at photoelectric frequen- 
cies and at the radio frequency of 408 MHz (ref. 1). These 
observations provide enough information to describe a reason- 
ably good model of the outer layers of the star, and of the 
overall mechanics of the flare. 

The radio flare must have occurred in a region with low 
gas density, otherwise the radiation could not have propagated 
away. According to the observations there was a delay of 
about 500 s between the onset of the flare at optical and at 
radio frequencies. During this interval the disturbance from 
the optical flare must have spread through the corona of the 
star. The inevitable conclusion is that UV Ceti has a corona 
and a stellar wind. The energy required to heat the corona 
and to drive the wind must, presumably, come from the 
mechanical energy of the convective motions in and near the 
photospheric layers. 

The general properties of flare stars have been described?. 
For the star UV Ceti the data areas follows: mass =10* g, 
radius=4.5 x 10° cm, and therefore surface gravity g=3.3 x 
10° cm s~*. When conditions are quiescent the surface tempera- 
ture is 7,==3,000 K, and the flux of radiation is 4x 10° erg 
cm~? s~, The star has a surface area of 2.5 x 10% cm? and its 
luminosity is 1.0x 10% erg s^. 

Opacity tables* can be used to construct a rough model for 
the atmosphere of the star. The table for an “Iben Mixture 
XID’, with X¥=0.8 and Z=0.01, seems most appropriate. 
It becomes immediately apparent that the atmosphere must 
be convective even considerably above the level at which 
optical depth t = 2/3 is reached. The outer layers of the 
star are therefore fully convective; the pressure P is found to 
be 3.6 x 107 dyne cm~? and the density is 1.7« 10-4 g cm~? at 
t=2/3. The table given by Cox and Stewart? has to be extra- 
polated to reach these values of pressure and density; the 
formula k=9 x 107% p*45 TY fits the opacity data reasonably 
well in the region concerned. 

To generate a radiant energy flux of 4x 10° erg cm~? s™ 
requires that the photospheric layer which can effectively 
radiate should have a surface density of 16 g cm~? As p= 
1.7 x 10~* g cm~ this layer is only ~ 10° cm thick. Outside this 
layer the gas can hardly radiate at all. 

The scale height, H, in the photosphere is about 6.5 x 10° cm 
and I assume that the mixing length for the convective motion 
is the same. To produce a convective flux of 4 x 10° erg cm~? s~? 
the rising and falling currents need an average speed U=2.0 
10*cm s~, and a rising (or falling) element must have a tempera- 
ture excess (or defect) of AT=7 K with respect to the mean 
temperature. 

It seems probable that the convective motions will twist 
up any magnetic lines of force above the star. The turbulent 
pressure in the photosphere is pU/?=-6.8 x 10* dyne cm~?. If this 
is equated to the magnetic pressure H2/4n, then an estimate 
H=900 gauss is obtained for the likely magnetic field strength 
at the surface of the star. 

The photoelectric magnitude of UV Ceti increased by more 
than Am=4.5 during the flare. The peak increase lasted 
about 10 s. At 4,500 A (a frequency of 6.7x 10" Hz) the 
normal energy output of the star is 










TR? (8x A v*/.c*) exp (—h v/kT)=1.6 x 10% erg H 
An increase of 4.5 mag raises the energy flux bya 
63, to about 1.0x10€ erg Hz? s“, Over a bandw 
for instance, 6.7 x10 Hz this corresponds to an. 
output of 6. 7x10% erg s? during the flare. But the 
flare is presumably a localised phenomenon above the 
of the star, not equally visible from all sides. I shall 
that the flare of October 11 was on the side facing t 
The energy received from it at the . 2a rth would then be above 
average. I allow a factor 2.5 or 3 to take account of this, The | 
estimate for the rate of energy production by. the. flare then a 
becomes 2.5 x 10* erg s, Over a period of 10 s the energy noe 
output is 2.5 x 10%! erg. ce 

The flare must occur in the lower corona. 1 shall: take the a 
ambient gas density there to be p, and the magnetic field strength _ 
in the region of the flare at the time of its occurrence to be __ 
H,. In accordance with the usual interpretation of solar oe 
phenomena I shall assume that the energy of the flar re- 
leased during the reconnection of the lines of force in a mag 
field, The Alfven speed in the region will be. Va= H4 
if L is the typical linear dimension of. the flare . 
duration of the optical flare at its maximum can b 
to be 

ty = L/Vi=Ly/(4np,)/H,=10 s : 
The total magne energy in the flare region is ` 

&, = H,*L3/8x ce 

If the light produced by the flare is a result of synchr 
radiation by fast electrons, then for the critical freque: 
@,/2 to be about right requires that, at the time of the optic 
flare, | 
























Woo © 4.210% & y? e Hime 7 
where y,mc* is the typical energy of the electrons. ji 
are. V, electrons altogether, their total energy iM,’ oYom 
their rate of production of radiant energy is 

Qo =M oro" et Ho "mec? = MM. Wes (mee) Ho E 
The estimate for Q, is 2.5 x 1030 erg sl, It follows from eq 
tions (3) and (4) that oe 


But from relation ( 3) Yo = 1.6% 108 H, ™? and so 
MN o Yo me? = 1035 H, —3/2 : 

is the total energy of the relativistic electrons presen 
one time during the optical flare. a 
Further information can be deduced from he 
ing the visual flare. I postulate that. after t 
the lines of force a bubble of plasma W 
expands into the stellar corona, precede: 
About 500 s later the bubble reaches the lev 
at 408 MHz can just propagate throug! the coron: 
take this level to be at a height 4, above the base of the 
The local density of the plasma can be found from the con ition 
that its refractive index is 0 at 408 MHz and this leads wo 
py = 5X10 g ecm”, oe 
The expansion of the bubble can be described if something o 
is known about the variation of density with height in the __ 
stellar wind. I assume the wind to be isothermal, with a pressure— oe 
density relationship P/p=a?=constant. Rough estimates _ 
indicate that the sonic point in the stellar wind will lie one or 
two stellar radii above the photosphere. In such a wind the a. 
variation of speed, u, with height is given by : ae 





(u—a*/u) du = (2a2/r — GM/r*) dr m 
(see for example Kahn‘). At the sonic point 
u=a and r=r, = GM/2a® (8) 


To find how «u varies with r near the sonic point put w= 
a(l +£) and r=r, (1 +n). With these substitutions equation () 
may be solved, correct to the second order in ¢ and n, in the ES 
form ees 

e= +n or u—a = +(a/r,) (r—rs) 

The upper sign here applies for the case of a stellar 

and the solution then simplifies to 

u = ar|r, : 

I shall apply this approximation all the way E t | 
of the corona to the level at which the 408 MHz radiation 
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can propagate. Then conservation of mass in the wind gives 


constant = pur? = par?/r, (11) 
and the density at height above the photosphere is 
P = poR*/(R+A)® (12) 


Magnetic energy &, is released in the lower corona during 
the visual flare. After time ¢ the bubble has grown to linear 
dimensions 4 from its initial linear size L. Conservation of 
magnetic flux demands that the field strength should vary as 
h-, so that at the later time the energy content is & =6 Lh, 
the energy density is &)L/h* and the magnetic pressure P= 
Lih. To expand, the bubble must push back the ambient 
coronal gas. The condition of momentum balance at the 
boundary of the bubble means that 

P = pV? = ph” (13) 
where V= is the speed of expansion. It follows from equations 
(12) and (13) that 

po W/A+h/ RY = ELB 
and so the time ta required to reach height A, is given by 
(E LBP ta = fh APO +h RY dh (14) 
The major contribution to the integral in this equation comes 
from the upper end of the range of integration, so that 
p ea +-h/ RY ?dh % (2/3) h,3!? RI? (15) 
From equations (1) and (2) it follows that 
(E 3P 2p a GME (H èl4np L? = 62 VAL? 
= 6HL’ta T] (16) 
and so 
61/2 J3 talta =(21Dh R32 
or 
hii R = (L*R®) (tav O) V (2D)? (17) 
For the flare of October 11, t,/t, = 50, and the relationship 
becomes | 
h iR = 9.8 L?/R? (18) 

Equations (1), (2), (12) and (18) together lead to a relation- 
ship between the energy &, and linear dimensions L of the 
flare, in the form 

F =(1/2)p, VOL = Pelit," = (p,L°/21,*) U+ (A,/R)}° 

= (p,L*/2t9*) [1+(9.8L7/R*))° (19) 
Inserting values for p,t, and R leads to the estimate in 
Table 1. | 


a 
Table 1 Typical values for the parameters 
a a Sas ec facta emer 


L 10° 2 x 10° 3 x 10° cm 
Ea 8.3 x 1078 2,2 x 101 1.0 x 10°? erg 
Ho 45 270 1,000 gauss 
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The results (Table 1) can be approximately represented by 
the formulae 
H,=2x 107% L", E 53x107 LeS (20) 
Comparison of the results in equation (20) with that in 
equation (6) shows that the total energy of the relativistic 
electrons present in the flare at any one time is 
Era =N oY) me?= 10-54 (21) 
It is obvious that £e < &,, because the electrons derive 
their energy from the magnetic field. A lower limit to the linear 
dimensions of the flare is therefore given by 
L > 1.7x10° cm (22) 
When there is equality in equation (22), &, equals 1.6 x 10° erg, 
barely enough to account for the visual energy output of the 
flare. If &, exceeds re, for instance &,=aé,.. with a> l, 
then 
L = 1.7 x 10° 09-98 om (23) 
so that even with a=100, say, the estimate for L is raised by 
only a factor 1.5. Furthermore, because &,,, decreases as L 
increases, it seems most probable that &,., can never be as 
large as the total visual energy output of the flare, and that the 
synchrotron lifetime of the electrons is shorter than the duration 
of the flare. It must therefore be possible for electrons to pick 
up energy from the magnetic field as the flare evolves. 
In the light of all these arguments it seems reasonable to 
conclude that L~2.5x 10° cm. This implies that &)=3.0x 
10°? erg, H,=600 gauss, Ê re =6.0x 10” erg, ¥,=640 and 
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AN ,=1.0x 10%. The height A, equals 1.4% 10’ cm and the 
estimate for the density in the lower corona becomes p= 
3.8 x 1075 g cm™?. . 

By the time the magnetised bubble reaches height h, it 
has expanded by a factor 5.6 in linear dimensions, and the 
magnetic field strength has dropped, by a factor of 1/31, to 
20 gauss. If the radiation at 408 MHz also results from syn- 
chrotron emission, the energy yymc* of the electrons is then 
given by 

We © 2.5109 = y, eHjme = 3.4x 10° y,” 
or y~ 3 

The observed output of the radio flare at its peak is 10 flux 
units (f.u.)=10°22 erg cm™? Hz s`. The distance to UV Ceti 
is 2.7 pc or 8x 10** cm and therefore the rate of output of 
energy by the star, per unit frequency interval, is 8x 10:8 erg 
Hz" s, or about 3.2 10% erg s, assuming a bandwidth of 
about 400 MHz. This means that there must be 4”, electrons 
radiating, where 

Nyy? (et H3/mPc3) = (me) N i Ay Oo = 3.2 x 1035 
There seem to be more relativistic electrons radiating during 
the radio phase of the flare than there were during the earlier, 
visual phase. But their individual energies are smaller, and their 
total energy at any one time is 4.0 x 10% erg, about seven times 
that during the optical flare. For comparison, the magnetic 
energy in the bubble is now Lih, =5.4 x 10°% erg, still con- 
siderably larger than the particle energy. The acceleration 
process evidently still feeds energy to the electrons in the 
later stages of the flare. 

The model of the flare has implications for the stellar wind. 
Take r,=3R or 4R as possible values for the sonic radius. 
They correspond to 

a=(GM/2r,)!?=1.7 x 10’ cm s™ or 1.5x 10 cm g7} 
and to temperatures T=ma?/k=2.2x 10° K or 1.6x 10° K. 
With the approximate form for the density variation in the 
stellar wind, the density at r=r, becomes p,=1.4™ 10-4 g 
cm“? or 6x 10° g cm*’, and the predicted rate of mass loss 

4nr.2p,a=5 104 gs! or 3.4x 10% gs. 
These values are not sensitive to the assumed value of r, 
They are of the same order as the mass loss rate inferred for 
another flare star, YZ CMi (ref. 4). . 

It is not obvious, with an isothermal model, how the amount 
of energy carried off by the stellar wind should be estimated, 
for in principle the wind speed keeps increasing indefinitely 
with distance. In practice, though, the isothermal condition 
is bound to fail at some reasonable distance. An acceptable 
first estimate is that each gram of stellar wind carries away 
energy of about GM/R=1.8 x 10" erg g™, and the total pre- 
dicted energy loss into the wind is of the order of 8 x 10% erg s^. 
For comparison the luminosity of the quiescent star is 1.0 x 
10% erg s?. The present model thus requires that a large 
fraction, at least 40%, of the energy brought by convection 
to the photosphere should later become available as mechanical 
energy for heating the stellar corona. 

Finally, the magnetic energy stored in the region of the flare 
amounts to &,=3.0x 10°? erg, localised above an area L? ~ 
6x 101 cm? of the star. A supply of about 4x 10° erg cm”? s™ 
seems to be available as mechanical energy to drive the stellar 
wind. With an equal supply available to twist up the lines of 
force it would only take about 1.3x10' s (about 3.5 h) to 
charge up the magnetic field, ready for the flare. 

I thank Sir Bernard Lovell for telling me about the observa- 
tions of UV Ceti, and for discussion about its properties. 
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and 1548 + 11 the theory of the 


generalised gravitational potential 

IN a recent commu lication Wampler et al. reported the 
redshifts of the QSO. pair 1548 + 115a, b. For the QSO 
1548 -+ 115a the redshift is given as z = 0.4359 and for 1548 + 
115b as z = 1.901. Since these QSOs are separated by approxi- 
mately 5 arc s these authors concluded, primarily on the basis 
of a statistical argument, that these two objects are at the same 
cosmological distance and that the redshifts are therefore 
“discordant”. In addition these authors noted that the wave- 
length ratio (1 + z), / (d + 2), = 2.02, which is sufficiently 
close to a factor of two for them to speculate that for such 
optically associated objects this “ .. . is either an unfortunate 
coincidence or a profound mystery”. 

Stellar objects that are apparently connected but have 
considerably different redshifts have been reported previously. 
Arp®, for example, has reported on pairs of galaxies which 
are joined by luminous bridges but which have different 
galaxy redshifts, and Burbidge er al. (BBSS)? have published 
a statistical analysis of the proximities of 47 QSOs to bright 
galaxies, concluding that four of these QSOs were probably 
associated with their respective galaxies. Again in the Burbidge 
work the redshifts for the pairs are “discordant.” 

The work of Arp and BBSS has been discussed previously*® 
within the context of the generalised gravitational potential 
which is inferred from my general relativistic scalar field theory 
in the complex Weyl space®. In this theory the macroscopic 
theories of Einstein gravitational and Maxwell electro- 
magnefism are united together with the microscopic scalar 
field in Y. When this theory is applied to the “Schwarzschild” 
problem for the nucleus, where the Newton—Einstein constant 
is negligible, the integration constant in the component go of 
the metric tensor is identified with a nuclear property, namely 
the nuclear core radius. Therefore for a stellar object with a 
density comparable with that of nuclear matter, where both 
constants are significant 

goo = 1 — ([2 GM/c?] + ra AM) /r (1) 
where G is the Newtonian gravitational constant, M the mass of 
the body, c the speed of fight, rẹ the nucleon core radius and 
A the stellar mass number. The generalised gravitational 
redshift now becomes 

Zo = [(2Ry Rir PP 0A + RK) — 1? (2) 
where 

R = (ro c?/2G m” M 7? (2a) 
and m is the nucleon mass, Ry = 1.21 fm the nucleon radius and 
p = D/D, is the ratio of the density D of the stellar body to that 
of the density D, of the nucleon. Because of the “Schwarzs- 
child” singularity we must also have in this theory that zg <1. 
And for a total redshift of z 

zy = (z — Zoll + Za) (3) 

where z, is the recessional redshift. 

If we now apply the theory of the generalised gravitational 
potential to the pair 1548 + 115a, b and assume a negligible 
gravitational factor for 1158 + 115a (that is an object with both 
a negligible contribution from Einstein gravitation and a den- 
sd much less than that of nuclear matter), we have z, = 

= 0.4359. If in addition we assume the maximum possible 
seavitationdl contribution from this theory (zo~ 1) we obtain 
„from equation (3) z,x0.451 for 1548 + 115b; thus there is no 
d, in the context of this theory, to seek a further explanation 
> wavelength factor of ~ 2 commented on by Wampler et al. 















Stated in an alternative way, we assume that. the to’ 
redshift given by Wampler et al. for 1548 + 115a repre 
recessional redshift for both objects. In addition, howe 
apply equation (3), utilising the maximum possible g 
tional redshift from this theory (zg~1) for 1548 + 115 
obtain z~ 1.8718 for 1548 +- 115b, which is close to the ree 
obtained by Wampler et al. | 

If the work? of Cameron on neutron stars, which does not 
make use of equation (1), is nonetheless taken as a model for all 
stellar objects with neutron densities then the masses of these 
objects are of the order of one solar mass. It should be noted 
from equation (2) that gravitational redshifts in this theory can 
be appreciable for small masses. For example, for a solar mass oe 
with nuclear density (p == 1), zg = 0.776. To account, therefore, o 
for the energetics implied by the data on 1548 + 115bit has 
been suggested to me by Dr Howard Poss of Temple University —__ 
that perhaps 1548 + 115b is actually an assemblage of such —_ 
stars. This suggestion is, however, not to be restricted to the ~~ 
pair 1548-+-115a, b but must be generalised to any stellar system 
whose energetics cannot be sustained bya constraint of one solar 
mass, which is indeed how this general concept is applied i in this 
theory for any stellar system with a “discordant” redshift. Inad- 
dition, if cognisance is to be taken of the precision in the redshift 
calculations by Wampler et al. then one could postula 
relative velocity between 1548 + 115a and 1548 + 115 
a resultant velocity component in the direction of the Ear 
1548 + lisa. This is a more definitive statement than- 
offered by these authors when discussing the precision of their 
measurements. Furthermore, if these authors mean by “spectr l 
peculiarities” that there could exist associated QSO pairs with 
different redshifts notexplainable on thebasis of Einstein’s theo 
and that ‘therefore . . . WO pre-existing theory sugge í 
them ...”, then this statement is incorrect**, | 

Both ‘Bahcall et al. (BMB)* and Hazard and Sanitt (HS) 
pursued the work of BBSS by choosing different sample spaces 
In the former case these authors considered a larger group of 
quasars in addition to the 3C quasers chosen by BBSS. Although 
they found additional quasars that are closer to bright galaxies 
than expected if these two types of objects were uncorrelat 
the increase was not at all proportional to the BBSS fin 
In this connection it should be noted that, from the po 
view of the generalised gravitational potential, only. 
(3C232, 3C275.1, 3C309.1) of the original four in the BBSS 
were consistent with a connection hypothesis, whereas 
fourth (3C268.4) was not; that is to say that this theory pre 
that observational data may be found to support the connectio 
hypothesis for the first three quasars but no observational da’ 
will be found to establish a physical connection between 3C268. 
and NGC4138. If this theory were further taken into account —__ 
then the original BBSS number would change from four to three: 
probable associations. This in turn would modify somewhat the 
expectations of the work of BMB. aoo 

The latter work of HS also failed to confirm the BBSS results 
(restricted to 3CR types) when source and galaxy lists, other a 
than those chosen by BBSS, were used. It should be noted that 
the elimination of 3C232 from the BBSS list would modify still 
further the expectations of BMB. ee 

In an additional discussion Bahcall and Woltjer!’ considered ee 
the pairs Ton 155, 156 and 1548 + 115a, b. They conclude that, : 
when taken as a class, the close proximity of QSOs in each pair 
“may be comfortably explained as random coincidences . 

The problem with all four papers quoted here*-*- that adopt a 
a statistical approach to the redshift problem is that they each = 
select (a priori) a subset of objects. The central physical problem, 
however, is whether or not there is an additional component in = 
the redshift. The theory of the generalised gravitational poten- 
tial claims there is, and to this end galaxy-galaxy pairs, QSO~ 
galaxy pairs and QSO-QSO pairs should be examined 
continually improved observational techniques, wher 
statistical analyses are of value only with respect to the choice of 
areas for concentrated observational effort. The question of 
whether or not QSOs are local or cosmological or consist of 
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both types of object will in any event obviously be influenced 
strongly by observational results obtained on the redshift 
problem. 

I am particularly indebted to Professor Howard Poss of 
Temple University for many discussions on the material of this 


paper. 
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Infrared heterodyne 
spectroscopy of CO, on Mars 


THERE has been considerable interest in applying infrared 
heterodyne techniques to astronomical problems’~*. We 
have used an infrared heterodyne spectrometer operating 
near 11 um with a resolving power of 1.5 x 10° to obtain 
spectral line profiles of carbon dioxide absorption in the 
Martian atmosphere. The multichannel system determined 
shapes of three lines in the 10° 0-00° 1 vibration-rotation 
band of “CO, and found equivalent widths about 50 MHz 
(0.0017 cm='). A lower limit of 670 MHz (0.022 cm™') on 
the equivalent width of the P(20) line of “CO: was also 
obtained. 

Figure 1 shows a block diagram of the equipment. 
Two concave mirrors not shown in Fig. 1 matched the 
diameter and wavefront curvature of the laser and telescope 
beams at the combining beam splitter. The 9% of the laser 
beam which was reflected by the beam splitter and the 91% 
of the telescopic beam which was transmitted were focused 
on to a copper-doped germanium photomixer cooled to 4 K. 
The photomixer signals were amplified over a frequency 
band from 100 to 1,500 MHz and fed into a radiofrequency 
mixer with a variable local oscillator frequency. The output 
of the mixer was fed into a filter bank which simultaneously 
measured the power in eight channels, each 18 MHz wide, 
equally spaced from d.c. to 150 MHz. Each channel had 
a synchronous detector locked to the chopping frequency 
and followed by a low pass filter. The eight outputs of the 
filter bank were sampled and digitised by computer. To 
cancel offsets between the two parts of the sky seen by the 
dual beam chopper, the planet was periodically alternated 
from one beam to the other. 

As a periodic calibration of the system sensitivity, a black 
body at 500 K was placed in front of the chopper. By 
placing the heliostat in autocollimation, the telescope trans- 
mission was found to be 0.85. Atmospheric transmission 
was determined by measuring heterodyne signals from the 
Moon and Mars as a function of zenith angle. Averaged 
over the band of 100 to 1,000 MHz, the zenith transmission 
on the P(20) line of “CO: (wavelength 10.57 am) was 0.45, 
lower than may be expected from previous measurements* 
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Fig. 1 Block diagram of the equipment located at the 
auxiliary solar telescope, located near the focal plane. a, 
Guiding eyepiece; b, black body; c, chopper; d, beamsplitter; 
e, CO, laser; f, germanium: copper photomixer; g, amplifier; 
h, radiofrequency local oscillator; i, radiofrequency mixer; 
j, eight channel filter bank; k, computer. The telescope con- 
sists of a steerable flat heliostat with a collecting area of 
about 0.4 m’, followed by a fixed off-axis focusing mirror 
and three flat mirrors which direct the beam to the equip 
ment. A rotating mirror in the focal plane of the telescope 
chopped the source against a sky background at 150 Hz. 
A linearly polarised laser used as an infrared local oscillator 
was operated in the TEMoo mode, and stabilised on various 
rotational transitions of the 10° 0-00° 1 band of CO, 


and transmission of the CO: lines near 11.2 um was 0.90. 
The approximate standard deviation in each case was 0.05. 
The contribution of water vapour to the absorption was esti- 
mated to be 0.05 to 0.10 (ref. 5). The system sensitivity for 
each 18 MHz channel was thus calculated to be 5 x 107” 
Wm’ Hz~' at the top of the Earth’s atmosphere, assuming 
operation on a “CO, line, radiation of one polarisation, and 
a signal to noise ratio of unity for one second of integra- 
tion. Because of the antenna properties of the heterodyne 
receiver’ and the shape of the heliostat mirror, the system 
was only sensitive to radiation in an elliptical beam measur- 
ing 4 arc s in declination (dec) and 3 arc s in right ascension 
(RA). The angular diameter of Mars was about 14 arc s 
at the time of observation. 

In order to understand how the spectral information was 
obtained it is necessary to consider how the spectrum was 
folded on itself in the two mixing operations (Fig. 2). The 
continuum infrared radiation is folded over into the absorp- 
tion profile and decreases the fractional depth by a factor 
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of two. We assumed that the absorption lines were sym- 
metric and tuned our radio frequency local oscillator to the 
expected centre of the absorption line. This frequency was 
calculated from elative velocities and rotation rates of 
ind typically had a value near 1,100 MHz. 
radio frequency mixer thus represents 
| tr ywer folded about the frequency at 
line centre of the © frequency local oscillator. This is 
quite accurate for the ‘CO: lines because their widths are 
considerably less than both the velocity shift and the width 
of the entire filter bank. The “COs line, however, is very 
broad and its interpretation is more difficult. 
. In a computer simulation of the Martian atmosphere we 
assumed an atmosphere of 100% carbon dioxide consisting 
of plane-parallel layers of constant temperature and pres- 
sure (Fig. 3). The rate of change of temperature with 
altitude is conventionally defined as the lapse rate, and the 
height at which the pressure drops by a factor of e is 
similarly defined as the scale height. We assumed a constant 
lapse rate and a scale height, at the surface, of 11 km. 
Parameters used in the simulation were: 

7,=surface temperature (given separately for each line 
in Fig. 3); 

 ATas=T, minus the temperature of the AE at 

the surface; 
l=temperature lapse rate (degrees km~’); 
P,=surface pressure (mbar). 
In addition we defined the parameter 
z= [P,/6 mbar] -R(13/12) -A(13/12). 
This is proportional to the number of “CO, molecules in 
the atmosphere and to the transition rate, where 
R(i3/12)=ratio of isotopic species by number and 
A(i3/12)=ratio of Einstein A coefficients for equival- 
ent lines in the two isotopic species. 

The best values of T, AT as, and z each depend to a large 
extent on which values are taken for the other two para- 
meters (Table 1). This is because the number of absorbing 
molecules and their average temperature must remain 
nearly fixed in order to maintain the same absorption pro- 
file for’ each model. Four sets of these parameters which 
give equally good fits to the data are given in Table 1. 
Model | (Table 1) uses the adiabatic lapse rate for Mars. 
Higher lapse rates would be quickly reduced to the adia- 
batic case by convection. Model 4, with zero lapse rate, 
is physically unrealistic but is included to show that z 
does not continue to decrease as the lapse rate further 
decreases. The results themselves do not put upper bounds 
on AT as and z; values for z which fit the data are, however, 
in all cases larger than expected and values of ATas were 
therefore chosen so as tô minimise z. 

_ Statistical errors in the data produce uncertainties in the 
model. The standard deviation of T, is about 1.5 K for 
the P(16) line and about 3.0 K for P(22) and P(26); 
systematic errors in the calibration cannot, however, be 
completely ruled out. The value of Ts, is obtained from the 
black body calibration. Based on this calibration our meas- 
urement of the lunar flux is about 15% higher than the 
published value and has a standard deviation of 3% but 
the discrepancy is, at least in part, because of imprecise 
knowledge of the Sun angle at the point observed. In any 
case the discrepancy is in the direction which, if corrected 
for, would reduce our measured flux from Mars and lower 
the surface temperature. The correlations between I, 
AT as, and z make uncertainties in these quantities difficult 
to estimate, but the errors are considerably smaller than 
the range allowed from model to model. For example, 
the standard deviation of z in Model 3 for the P(16) line 
is about 0.004 if T and ATas are kept fixed. 
~ Previous data’ can be compared with the parameters we 
have fitted to our data. The effective continuum tempera- 
1 near the “CO: lines is about 250 K (Fig. 3). Mariner 9 
f. 7), looking at the sub-solar point as we did, obtained 





































a temperature near 11 «m of about 260 K. Marine 
measured a temperature lapse rate of 2.5 K km” 
atmospheric temperature at the surface about 25 K 
than the surface itself. These values are close t 
used in Model 2 (Table 1). The parameter z is of part 
interest because our data indicate a higher value 
expected in all models. Some limits can be place 
the ranges of the three factors comprising z. Mari 
reported a surface pressure of 6 mbar. with a range f 
4 to 8 mbar because of terrain changes. Our results. place 
an upper limit of 12 mbar because at this pressure the 
effects of collisional line broadening would have become — 
apparent. A value of 0.24 s~! was taken for the Einstein A 
coefficient of “CO. (refs 8,9). The correct value for "CO, ži 
may, however, be somewhat different because this co- 
efficient is strongly influenced by the Fermi resonance be- 
tween the lower level of the absorbing transition and the © 
02°0 vibrational level. Even a small change in the mas 
of the carbon atom affects the strength of this interaction. 
Measurements of the relative output power of ca 
dioxide lasers operating on the two isotopic sp su 
that the ratio A(13/12) is about 2/3 (C. F 

communication). Taking a value for surface 
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Fig. 2 Folding of the absorption line because of mixing: 

a, schematic representation of a Martian infrared absorption 
line shifted in frequency from a laser line of the same mole- 
cular transition by the relative motion of Earth and Mars, A. 
is the fractional depth of the absorption. Infrared frequenci 
equally spaced on either side of the laser line appear ; 
same place in the radiofrequency spectrum of the ampli 
output; b, the absorption line as it appears at the amplifier; 
c, the absorption line as it appears at the mixer output. The 
numbers along the abscissa represent the eight channels of 

the filter bank into which the mixer output is fed. 
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6 mbar, the terrestrial value of 0.011 for R(13/12), and 
assuming a value of 2/3 for A(13/12), gives a value of 
0.007 for z, a number about three times smaller than those 
in Table 1 which fit our present measurements. The cause 
of this discrepancy is not clear. 

Because “CO, was expected to be 90 times more abundant 
than “COs, we made the “CO: measurements first. The 
results, however, were not as significant as those for 
BCQ,, Because of the large width of the “CO, line, measure- 
ments were made in bands 150 MHz wide distributed from 
550 MHz below to 350 MHz above the expected frequency 
of the line centre. The bands could not be measured 
simultaneously because a suitably wide filter bank was not 
available. The measured flux was independent of frequency 
to within a standard deviation of 20%, indicating a line 
broader than the frequency range examined. The data 
are consistent with a continuum of 250 K folded into 
an absorption line with a flux of less than 2x 10-% W Hz"! 
(200 K) and an equivalent width greater than 670 MHz 
- (0.022 cm™'). A computer simulation using a lapse rate 
of 2.5 K km, a value for ATas of 30 K, and a surface 
pressure of 6 mbar predicts an equivalent width of 400 
MHz for the “CO, line. The difficulties of accurate cali- 
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Fig. 3 Data obtained for the P(26) a, P(16) b, and P(22) c, 
rotational lines of “CO:. In a, I1s=256 K, and equivalent 
width=50 MHz; b, Js=250 K, and equivalent width= 
66 MHz: c, l:-=246 K, and equivalent width=49 MHz. 
The original data has been unfolded and plotted in the 
format of Fig. 2a as half of an infrared line. The ordinate is 
received spectral power in W Hz~’ divided by Boltzman’s 
constant k and referenced to the top of the Earth’s atmos- 
phere. Absolute temperatures for black bodies of equal 
spectral radiance are shown at the right of the figure. Error 
bars represent plus and minus one standard deviation and 
correspond closely to predictions of the theory of heterodyne 
mixing’. The abscissa MHz is measured from the expected 
position of line centre. The P(26) and P(22) lines each 
represent about 1 h of observation, the P(16) line about 2 h. 
The solid curves represent absorption line profiles calculated 
in a computer simulation of the Martian atmosphere 
(see text). 
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Table 1 Parameters for computer simulation 


1 AT as zZ 
Model 1 5 K km7! 25 K 0.027 
2 2.5 K km“ 30 K 0.02 
3 1.3 K km’ 35 K 0.017 
4 0 K km~? 45 K 0.02 


bration mean that the discrepancy is probably not signifi- 
cant, although its direction is similar to that found for 
“CO,, corresponding to excess absorption. 
The results demonstrate that infrared heterodyne spectro- 
scopy can be used in astronomy for spectral resolution ex- 
ceeding by several orders of magnitude that obtained 
with conventional techniques, although the copper-doped 
germanium photomixer used had a sensitivity about 25 
times less than the theoretical limit of 2x10- W Hz" 
for heterodyne detectors at 11 am. Continuously tunable 
infrared lasers would allow high resolution of lines any- 
where in the infrared band and perhaps the detection of 
absorption lines of intersteller gas against bright sources. 
We thank Professors C. H. Townes and R. Y. Chiao for 
helpful discussion and Dr. A. K. Pierce and the staff 
of the Solar Division of Kitt Peak National Observatory. 
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Petrogenetic implications of argon 


isotopic evolution in the upper mantle 

Tue construction of models for the isotopic evolution of 
terrestial argon (unlike those for strontium and leadt-?)}, has 
been severely hampered by the fact that there are to our 
knowledge, no reported studies of the initial argon isotopic 
ratios in rocks of various ages. It has been estimated? that the 
cosmic abundances of the stable argon isotopes are “Ar, 
0.4%; Ar, 14.1%; and Ar, 85.6%. This gives a cosmic 
#Ar/**Ar ratio of 0.005, which may reasonably be assumed to 
approximate closely the initial *Ar/**Ar ratio in the solid 
Earth at the time of formation. 

The reported abundances of the argon isotopes in the 
terrestrial atmosphere? ®t present are “Ar, 99.600°%; ?%Ar, 
0.063°%: and **Ar, 0.337%, giving an atmospheric *°Ar/**Ar 
ratio of 295.5. This anomalous situation is clearly related to 
the production of radiogenic **Ar derived from the natural 
decay of ®K in the Earth’s crust and mantle. An increase of 
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Table 1 Measured variation in (@°Ar/**Ar), ratios 





Source (x 10° yr) Age (Arj Ar) 
i Historic 282.9->294.8 
2 Historic 292.1 ->320.4 
3 0.075+ 0.061 295.24 11.1 
4 0.1204- 0.011 289.84- 3.8 
5 0.194 -+ 0.056 293.24 6.0 
6 0.259- 0.035 289.54. 7,3 
7 0,534-+ 0.145 282.64- 14.6 
8 12.4 + 03 302 + 6 
9 15.3 + 0.2 295 + 3 
10 18.8 = 1.3 293 + 19 
11 53.1 + 2.5 289 + 21 
12 64.8 + 3.1 263 -+ 21 
13 $5.4 + 1.2 287 + 9 
14 119 + 4 275 + 8 
15 410 + 4 183 + 70 
16 415 + 4 224 + 37 
17 4} ] + 3 196 + 6l 
18 770 -+14 131 +. 88 


(1) Basalts®; (2) single basalt fow”; (3) ~ (7) New Zealand vol- 
canics™; (8) East Iceland volcanics?*; (9} Continental voleanics*®; 
(10) North-west Iceland volcanics?*; (i) ~ (13) Faeroes basalts”; 
(14) Plutonic minerals’; (15) Continental margin, volcanics®®; 
(16) Plutonic biotites*®; (17) Plutonic biotites®®*!; (18) Continental 

dolerite dykes*?. 


more than four orders of magnitude over the initial terrestial 
#@Ar/36Ar ratio is indicated. 

To demonstrate the isotopic evolution of argon in the solid 
Earth, we calculated the initial **Ar/**Ar ratios retained in 
analysed suites of mantle-derived igneous rocks, both volcanic 
and plutonic, of different ages (Table 1). The initial *°Ar/**Ar 
ratios were calculated in a manner exactly analogous to the 
determination of initial °’Sr/**Sr ratios, the intercept of an 
argon isochron following the linear equation: 

(Ar/*® AT) orai = [Ae {Ae + Ap) PK Arvlexpr — 1) 
+ (PAr/* AP) initial 

A plot of the initial ““Ar/*®Ar ratios obtained from eighteen 
suites of mantle-derived samples against their time of emplace- 
ment or extrusion (Fig. 1) strongly suggests that there has 
been an increase in the initial ##Ar/%*Ar ratio with time. This 
we interpret as evidence for a significant increase in the *°Ar/ 
Ar ratio in the mantle over the past 800 Myr. 

Implicit in this interpretation is the assumption that a 
significant proportion of the Ar observed in the mass spectrum 
of argon extracted from terrestial rocks and minerals is derived 
from the source region of the analysed samples and does not 
represent an atmospheric contaminant. We are supported in 
this contention by reported analyses of lava flows*®-* which 
have shown that most of the so-called **Ar ‘contamination’ 
comes not from the extraction line but is contained within 
the rocks themselves and is released along with *°Ar during 
fusion. The initial #°Ar/®*Ar ratios preserved in igneous rocks 
seem therefore to be representative of the “°Ar/**Ar ratios 
in the source region of the parent magmas. The *Ar/**Ar 
ratio in any source region will increase with time at a rate 
dependent on the concentrations of potassium and **Ar, and 
the rate of argon release to the atmosphere. 

Analyses of historically erupted lava flows®:®*, indicate 
initial *Ar/**Ar ratios ranging from 282.9 to 350.0. Measured 
ratios greater than the present-day atmospheric ratio have 
been explained by the inclusion of xenoliths and xenocrysts 
in the analysed whole-rock samples but a satisfactory explana- 
tion has not been given for the lower ratios. The possibility 
of diffusion and fractionation of atmospheric argon into the 
cooling lava® does not seem realistic to us. This variation of 
the observed *Ar/**Ar ratios in modern volcanic rocks may 
be due to inhomogeneities in the upper mantle or to remelting of 
older gabbroic rocks in layer 3 as suggested for some Icelandic 

_rocks®. We therefore conclude, from the reported analyses 
of modern basalts, that the average *°Ar/**Ar ratio in the 
“upper mantle is at present not greater than the atmospheric 
atio (295.5) and possibly a little lower. 












A similarity between the *°Ar/**Ar ratio in the upper mantle 
and the terrestial atmosphere leads us to the conclusion: thai 
it is the Earth’s mantle, not the crust, that is the major sourci 
of atmospheric argon. Despite the obvious generation of 
radiogenic *Ar in the potassium-rich crust of the Ea 
there is little evidence that significant outgassing of crustal 





argon is occurring today. It has been variously suggested (see. 


Rankama”™, for a summary) that the ““Ar present in the Earth’s 


atmosphere has been gradually released from crustal rocks 


throughout geological time as a result of weathering processes! | 


or volcanism??. Alternative models involving major degassing 


of the crust and mantle during the first 10° years of the Earth's 
history have been suggested by Nicolet!* and Damon and 
Kulp", 
continuous transfer of argon from both the crust and mantle. 
Modern plate tectonic theory provides a viable mechanism 
for the continual release of argon from the mantle, by way of 
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Fig. 1 Variation of the initial “Ar/**Ar ratio in the upper 

mantle-derived igneous rocks over the past 800 Myr. This 

variation is considered to reflect the variation in argon isotopic 
ratio of the upper mantle region with time, 


volcanism on active plate boundaries, but there is no simple - 
mechanism available for the release of argon accumulating - 
in the Earth’s crust. Furthermore, a large component of © 
crustal argon in the atmosphere would result in a present-day | 
atmospheric #Ar/**Ar ratio much greater than 295.5. 


It is generally assumed that minerals melting and recrystal- i 
lising in the Earth’s crust under igneous and metamorphic —__ 


conditions will lose argon to the atmosphere as a result of 
temperature-controlled diffusion processes. In reality, what 
is more likely to occur under these conditions is lattice diffusion 
and isotopic homogenisation of argon, with effective retention 
in the whole-rock system, a situation analagous to strontium 
isotopic homomogenisation under similar conditions. Very 
little argon would escape from the crust directly to the atmos- 
phere, except perhaps along major fracture zones. Homo- 
genisation of the argon isotopes would have the effect of 
equalising the *#°Ar/**Ar ratio in the whole-rock system, so 
that initial #Ar/**Ar ratios measured in crustal rocks should 
be greater than the present-day atmospheric ratio. Excessively 
high initial ratios have been recorded in metamorphic rocks, 
expressed in terms of an ‘excess’ **Ar concentration)? ™, 

To test our conclusions we have made a semiquantitative 
analysis of the available data. Any relevant calculations suffer, 


of course, from uncertainties in the estimation of potassium “ 
abundances??:2* in the Earth (Table 2). The calculated mass 


of radiogenic *Ar produced in the Earth from the decay of 
4K consequently has a large error which is propogated through- 
out the calculations. 

The mass of #°Ar produced in the Earth i is calculated assum- 


while Turekian'*3* and Schwartzman’? advocated ~~ 
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Table 2 Estimate of potassium and radiogenic argon in the Earth 





Mass of shell?! Potassium?**5 K% Radiogenic *Ar 
; (x 10° tons) {x 10" tons) (x 10" tons*) 
Crust 0.024 3204+ 55 1.350 0.0423 +- 0.0073 
Mantle and core 5.941 500-200 0.008 0.0668 -0.0267 
= Total 5.965 820-207 0.014 0.1091 -0.0275 
Co Pyrolite 0.441 500-200 0.108 0.0668 + 0.0267 
Bor (ref. 25) 
- Atmosphere 0.0653 (ref. 11) 


snini aema 
*WAr calculated from the potassium abundances with an age of 
4,500 Myr for the Earth. 


ing the Earth to be 4,500 Myr old. The observed mass of 
40Ar in the atmosphere (0.065 x 10 tons), compared to the 
calculated mass of radiogenic “Ar produced in the Earth 
= (0.11 x 10 tons), suggests that only 60% of all the “Ar 
= produced in the Earth has been released to the atmosphere. 

In calculating the mass of “Ar in the mantle we make the 
following assumptions: (1) All Ar in the atmosphere is 


derived from the solid Earth. (2) The upper mantle and crust 
> are separate systems with respect to argon isotopic evolution. 


(3) Sediments make up approximately 597 of all crustal mater- 
ja‘, therefore not more than 5% of crustal argon has been 
-> yeleased to the atmosphere and perhaps as little as 1° (ref. 10). 
From assumption (3), taking 5% of crustal WAT as being 

the maximum released to the atmosphere, the balance of the 
Ar in the atmosphere is assumed to have come from the 


<o mantle, so (in units of 10' tons): 


sAr in atmosphere- == D pelted + 0. 0033) 


sewieve 


“Ar released from ante 
| Ar remaining in mantle = 0. 003640. 0269) 

The large error in the estimation of 49Ar remaining in the 
mantle arises because the abundance is the difference between 
two nearly equal and poorly known numbers. 

For purposes of calculation, we now assume that: 
(4) All the potassium, and thus radiogenic *°Ar, is concentrated 


in an upper mantle region with a pyrolite*® composition. 
(5) This pyrolite layer is approximately 200 km thick and has 


a mass of 0.441 x 10% tons (Table 1). (6) The argon isotopic 
composition is homogeneous throughout the pyrolite layer. 

The maximum concentration of #Ar at present in this 
pyrolite layer can now be calculated knowing the mass of the 
layer and the mass of “Ar remaining in the upper mantle. 
Thus the maximum a concentration in the total pyrolite 
layer is (8.2-4-61.0) x 107% p.p.m. Ar. 

The present-day sAr concentration in the upper mantle 


= can be estimated from the observed **Ar concentrations in 


modern volcanic rocks derived from the mantle. The con- 
centration of Ar in young volcanic rocks, measured in our 
laboratory, after correcting for line blank, is estimated to be 
(2.4+1.1) x 10 ppm. Ar. Because these rocks have 
been at least partially outgassed on extrusion, this value serves 
at least as a minimum concentration for the **Ar in the upper 
mantle source region. 

Assuming that the present-day *Ar/**Ar atomic ratio in 
the upper mantle source region is 29510 (or 327 weight 
ratio), then the present-day *°Ar concentration in the upper 
mantle is at least (7.83.6) x 107° p.p.m. Ar. This value 


ds close to that estimated in the pyrolite layer by the difference 


‘method. This near coincidence could be due to the cancelling 
ou of the different assumptions (1) to (6), or it might indicate 
‘that Hurley’s potassium abundances?*?* are more precise 
than indicated in Table 2 and that most of the “Ar at present 


N in the atmosphere has been released from the mantle. 


an According to our model, approximately 95% of all the *°Ar 

produced in the mantle has been lost to the atmosphere. At 
least that percentage of Ar must also have been lost, assuming 
no isotopic fractionation. From assumptions (5) and (6), 
using the observed concentration of Ar in mantle-derived 


a volcanic rocks, the mass of "Ar in the pyrolite shell (200 km 


thick) is estimated to be (1.05+.0.50) x 10!° tons at present. 
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This must represent at most 5% of the “Ar originally present in 
the mantle. Therefore, 4,500 Myr ago, the mass of Ar in 
the mantle was at least (21,0-+-9.0) x 10! tons. There is at 
present 20.0 x 10° tons of "Ar in the atmosphere, so it is 
quite reasonable to postulate that the majority of **Ar in the 
atmosphere has also come from the mantle. 

Protocrustal material, with an average potassium concentra- 
tion of 1.350°4?7}?3, would yield in 4,500 Myr a concentration 
of Ar ten times greater than that in the upper mantle. The 
net result of this would be to give *°Ar/*®Ar ratios in the deep 
crust that are an order of magnitude greater than the *°Ar/**Ar 
ratio in the upper mantle. 

Initial *Ar/**Ar ratios on igneous rocks which have not 
undergone isotopic homogenisation since crystallisation should 
yield information about the source region. It is thus possible 
to distinguish clearly between partial melting in a low potas- 
sium environment (such as the upper mantle) and partial 
melting of old sialic material. Initial #@Ar/**Ar ratios should 
also be very sensitive to any geological contamination (assimi- 
lation) of a basaltic magma by older potassium-rich material. 

In summary: (1) Initial #Ar/**Ar ratios of mantle-derived 
igneous rocks have increased steadily over the past 800 Myr. 
(2) The present-day *Ar/**Ar ratios in the upper mantle and 
atmosphere are very similar. (3) The majority of argon at 
present in the atmosphere has been derived from the mantle 
rather than the crust. (4) Initial #Ar/™ Ar ratios on igneous 
rocks are potentially more sensitive petrogenetic indicators 
than strontium or lead isotopes. 

Calculation of argon isochron parameters from the literature 
suffers from several omissions in the presentation of K-Ar 
age data for publication and we suggest the following minimum 
list of items that need to be reported: (1) The measured argon 
ratio in air. (2) The system line blank and isotopic ratio. 
(3) The weight of sample fused. (4) The concentration of Ar 
measured or the percentage of ‘atmospheric’ to 3 significant 
figures. 
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Plate tectonics, volcanism and 
the lithosphere in British Columbia 


THE most important feature of the present tectonic situation off 
the west coast of Canada is the ridge-trench—fault type triple 
junction between the Juan de Fuca, Pacific and American 
lithospheric plates near the continental margin, at approximately 
51°N (Fig. 1). The half spreading rate for the Juan de Fuca 
Ridge, based on the magnetic lineation pattern, is 2.9 cm yr7}, 
and the calculated rate of motion along the Queen Charlotte 
transform fault between the American and Pacific Plates is 
6 cm yr™ (ref. 1). The main part of the Juan de Fuca Ridge is 
probably spreading parallel to the north-east trending Blanco 
fracture zone which marks the southern edge of the plate at 
approximately 43.5°N, The vector diagram for the relative 
motion of the three plates during the late Cainozoic suggests 
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Fig. 1 Plate boundaries (after Atwater’) and the volcanic (after 
Souther®) and topographic lineaments of the Canadian Cor- 
dillera. ©, Volcanic centres; double heavy lines, ridges; heavy, 
crossed, lines, trench; heavy line with reversed arrows, transform 
fault; thin close-set lines, east-west topographic lineaments. 








that the Juan de Fuca Plate is being thrust obliquely below the. 
American Plate at 2.5 cm yr ™ in a direction of N 35° E (ref. 1). 

Travel-time anomalies for the Seattle earthquake whic 
occurred at a depth of 60 km, indicate the existence of a hig! 
velocity slab dipping eastwards at 50° beneath south-western 
Canada and the north-western United States?. The magnetic. 
anomalies of the Juan de Fuca Plate continue across the conti- ‘ 
nental slope, and there is evidence of steep reverse faultingon 
the slope parallel to the continental margin®. Both these lines of 
evidence indicate recent subduction of the Juan de Fuca Plate 
below the American plate, as does the presence, further inland, 
of the late Cainozoic andesitic volcanic belt of the Cascades. 

In the absence of a Benioff seismic zone, however, it is 
difficult to say how far the subducted Juan de Fuca Plate may 
extend to the east below the Cordillera. I here suggest that a 
number of phenomena within the Canadian part of the Cor- | 
dillera, in the vicinity of the triple junction between the Juan de 
Fuca, Pacific and American Plates, can be explained if the 
influence of the subducted plate extends at least 500 km east- 
wards from the continental margin. | 





Fig. 2 The Canadian Cordillera and the adjacent north-east 
Pacific Ocean viewed from the north-east. a, ‘arc’ volcanics 
over the subducted part of the Juan de Fuca Plate; b, American 
Plate; c, lithosphere; d, Queen Charlotte Transform Fault; — 
e, Pacific Plate; f, east-west volcanic lineaments; g, Juan de 
Fuca Ridge; h, Juan de Fuca Plate. Note the flexing of the 
American plate and the associated east-west topographic and 
volcanic lineaments (f) at approximately S1°N; the oblique. 
underthrusting of the Pacific Plate along the Queen Charlotte 
Fault (d), and the associated north-south volcanic belt of British 
Columbia north of 53°N. | 





The most obvious physiographic feature of the Canadian 
Cordillera is that the area south of 51°N, the latitude of the | 
triple junction, is approximately 500 m higher than that to the 
north. Geologically, there is more granitic ‘basement’ exposed 
to the south than there is to the north‘, and in the eastern 
metamorphic belt of the Cordillera, the highest grades of 
metamorphism are again south of 51°N and decrease rapidly 
northwards®. These features all suggest that there has been a i 
greater degree of uplift and erosion south of 51°N. 

More than 90% of the approximately 150 Pleistocene and : 
Recent volcanic centres which have been identified in the 
Canadian Cordillera®, fall within the two north-south belts and 
one east-west belt (Fig. 1). The volcanic centres are generally 
short-lived cinder cones with alkali olivine basalt flows, but at — 
least 20 are composite volcanoes with flows ranging from 
picrite basalt, through alkaline andesite and dacite, to rhyolite. 
The north-south line of volcanic centres in southern British- 
Columbia could be the northern continuation of the Cascade 
andesitic volcanic centres, and part of a volcanic arc over the © 
subducted portion of the Juan de Fuca Plate. The greater 
arc~trench distance in Canada may indicate that the plate dips 
eastwards at a shallower angle north of 49°N. The east—west 
volcanic belt is at approximately the same latitude as the triple 
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- junction on the continental margin, and the belt may be related 
© to an upward bending of the American Plate over the northern 
- edge of the Juan de Fuca Plate’, with magma generated by 
> -partial melting in the zone of tension at the base of the litho- 
sphere (Fig. 2). South of the east-west volcanic belt, the 
reverse bend causes tension in the upper part of the lithosphere. 
. The consequent east-west fracturing has been emphasised by 
_ subsequent erosion, producing the prominent east-west linea- 
< tions in the Coast Mountains (Fig. 2), Preliminary interpretation 
of gravity data over Queen Charlotte Sound suggests that the 
east-west topography of the Coast Mountains continues below 
the sedimentary cover of the continental shelf north of 
Vancouver Island. The oldest identified sediments overlying 
this topography are late Miocene®, which indicates that the 
triple junction to the west has remained at approximately the 
same latitude for the last 15 Myr. 

| The model in Fig. 2 also relates the north-south volcanic belt 
__ of north-western British Columbia to a lithospheric flexure, in 
this case caused by the oblique convergence of the Pacific and 
_. American Plates. Data from this northern region are scarce, 
= but one fault-plane solution for the 1949 Queen Charlotte 
earthquake (54.1°N, 132.6°W) requires right lateral slip, with 
some underthrusting of the Pacific Plate below the American 
Plate®. Seismic profiling across the southern end of the Queen 
-Charlotte Fault (52°N) has shown a raised block of oceanic 
- crust at the foot of the continental slope’. It is possible that this 
block was raised by reverse faulting similar to that found along 
the continental slope further south, where the faulting is 
believed to be related to subduction of the Juan de Fuca Plate 
below the American Plate’. In the St Elias mountains near the 
junction of the borders of Alaska, Yukon and British Columbia, 
there are marine Pliocene sediments which have been raised at 
least 6,400 m since deposition®. Thus, there is evidence that the 
Pacific Plate has been thrust obliquely under the American 
Plate, with the western margin of the latter raised to the north 
of the triple junction (Fig. 2). Tension at the base of the bent 
< plate could have caused the observed volcanic lineament. With 
> this interpretation the Queen Charlotte Fault cannot be 
regarded as a true transform fault (compare with Fig. 1) 
because of the element of convergence between the Pacific and 
American Plates. 

The half wavelength of the flexure in the American Plate 
between the east-west volcanic belt and the parallel zone of 
topographic lineaments to the south, is 200 km and, assuming 
that the density between the lithosphere and the supporting 
asthenosphere is 3.3 g cm~* and g = 980 cm s~* the apparent 
flexural rigidity of the plate’! will be 1.3 x 107? Nm. The 
thickness of the lithosphere", using a Poisson’s Ratio of 0.25 
and a Young’s Modulus of 7 x 10° N m~? will then be 28 km. 
A similar value for the thickness of the lithosphere has been 
obtained from a study of the deformation of glacial lake 
shorelines by Fulton and Walcott? who estimated the litho- 
sphere in the Cordillera south of 51°N to be 20-50 km thick. 
Even within these wide limits, the lithosphere is considerably 
thinner than the 110 km found below stable areas of the crust. 

The concept of an abnormally thin lithosphere below the 
southern part of the Canadian Cordillera supports earlier ideas. 
For instance, Caner!? invoked a layer of possible partial 
melting in the lower crust to account for anomalous variations 
in the Earth's magnetic field in the south-eastern part of the 
Cordillera. Wickens’ has shown that the low velocity layer 
equivalent to the asthenosphere, approaches the base of the 
crust below the southern part of the Cordillera. The thickness 
of the lithosphere is approximately equal to the depth of the 
M discontinuity derived from refraction seismic data, suggesting 
that the upper surface of the asthenosphere approaches the 
base of the crust in this part of the Cordillera. The P, velocity 
over the subducted part of the Juan de Fuca Plate is low 
(approximately 7.8 km s~, Berry, personal communication, 
1973) and I have concluded’ that the density of the upper 
mantle below the central part of the Cordillera has also to be 
lower than normal in order to reconcile the gravity and refrac- 
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tion seismic results. As may be expected from the model in 

Fig. 2, P, for the central part of the Cordillera increases to a 

more normal value of 8.1 km s~ north of the latitude of the 

triple junction and the area overlying the Juan de Fuca plate. 
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Isotopic analysis of the 
deep structure in the Tyrrhenian Sea 


THE monotonic distribution of temperature and salinity with 
depth, observed in most oceans of the world is replaced, in 
certain areas, by a peculiar ‘staircase’ structure in which sheets 
of water of constant temperature and salinity are separated by 
comparatively thin layers, across which there is a sharp gradient. 
Although its origin is speculative, the structure is often asso- 
ciated with the intrusion of warm saline water into a water mass 
that is colder and fresher. The structure is present in the eastern 
Atlantic, west of Gibraltar, below the characteristic Mediterra- 
nean outflow!?, and in the Tyrrhenian Sea below the inflow of 
the Levantine Intermediate Water through the Strait of Sicily***. 

We have attempted to distinguish the layers in the Tyrrhenian 
Sea by isotopic analysis of water samples collected from the 
different layers. 

The Mediterranean is divided inte two main basins by the 
Strait of Sicily. The eastern part is referred to as a ‘concentration 
basin’: the amount of water lost by evaporation exceeds the 
amount gained by precipitation and river discharge. In order to 
maintain the water and salt balance, two opposite flows connect 
the eastern and western basins through the Strait of Sicily. The 
upper flow, towards the east, carries in more ‘Atlantic’ water of 
lower salinity than the opposite flow at the bottom?”. 

The deeper flow, the Levantine Intermediate water, is 
characterised by a salinity of about 38.7% and a temperature of 
about 14° C, and, after passing the sill, descends to a level of 
stability at a depth of about 600 m in the Tyrrhenian Sea. As it 
extends northwards and eastwards, it can be identified by the 
observed maxima in temperature and salinity profiles. It is the 
water mass below this maximum which, at some locations, 
exhibits the ‘staircase’ structure, although at other locations the 
more normal monotonic decrease to the bottom is observed. 

In May 1972, samples were taken from 24 stations in the 
Tyrrhenian Sea, using a salinity-temperature-density (STD) 
probe. In addition, Nansen casts immediately followed the STD 
casts in five of the locations. At the station which exhibited the 
most pronounced structure, samples were taken at six depths 
below the salinity maximum (Fig. 1). 
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The isotopic analysis concerned the concentration of the 
stable }°O content of water and of the dissolved sulphate, and 
the tritium concentration in supernacia and deep seawater 
samples. 


The procedure used in the preparation of samples for 


measuring the '*O/'8O ratios in sulphate ions has been described’. 
` The oxygen isotope analyses were carried out using the graphite- 
reduction technique®. 

Oxygen isotope ratios are given in 6 notation: 


O = {[C°0/10) sample/(8O/#O) standard ]— 1} x 10° 


The results are reported relative to Standard Mean Ocean 
Water (SMOW)’. Isotopic analyses of the CO, were made using 
an ATLAS M86 mass spectrometer. The expected error of the 
5'°O(SO,?-) measurements was estimated at +0.07%,. 
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Table 1 Hydrological stations, STD and isotopic results 
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Fig. 1 Salinity, tempera- 
ture and isotopic profiles at 
hydrographic station 19BI 
in the low Tyrrhenian sea 
(39° 59.0°N, 12° 42.5°E) 0, 
a, b, results relative. to | 
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Water oxygen isotopic samples were prepared 
isotopic equilibration technique”. The expected erro 
&O (H,O) measurements is +-0.1%o. 

Tritium is formed in the atmosphere by, essentially 
mechanisms: the interaction of the nucleonic compon 
the cosmic radiation with the constitue ts of the atmosp 
direct origin from the Sun; and therri nuclear weapon test: 
Most of the atmospheric tritium will fur 1 water and enter 
oceans as tritiated water by molecular exchange across the a 
water interface. F 

The concentrations are reported as TU (tritium un 
the number of tritium atoms relative to 10'* hydrogen | 
The accuracy of the tritium concentration measurement 
approximately +1 TU. 

Table 1 presents the results of the isotope analysis. togethe 
with the observed temperature and salinity of the samples. 











Depth Temperature Salinity TU S80 (SO?) nO (H,0)*. 
(m) C C) Cho) cs EK ie 
0 37.685( B)t 
Station 15 46 15.61 8.0 +9.65 
(38° 27.8 N, 267 13.93 Va +9.49 
11° 16.2’E) 746 13.29 1.5 +9.31 
975 13.09 38.466 
0 37.512(B) + 9,64 
Station 17 %50 13.67 38.298 9.5 +9.38 
(39° 24.4’N, 450 14.06 38.705 6.0 -+9.42 
11° 43.0’E) 998 13.28 38.515 0.0 + 9,45 
0 37.494(B) 12.5 +938 +0.69 
191 13.86 38.334 12.0 +9.47 +0.68 
571 14.03 38.689 6.0 +9.57 +1.27. 
Station 19B1 864 13.60 38.589 a5 +9.34 +132. 
(39° 59.0'N, 1,039 13.36 38.530(STD) Fe -+9.34 FLIE en 
12° 42.5’E) 1,092 13.30 38.511 3.2 +9.47 PERIE O opita 
1,165 13.31 38.510 2.5 + 9,50 +1.39 >: aie 
1,236 13.25 38.492 22 +9.45 + 1.44 a 
1,355 13.21 38.476 0.0 +9,42 +1.27 
0 37.412(B) 
Station 21 49 14.57 37.5582 8.6 +9.41 
(40° 27.8'N, 521 14.03 38.699 5.0 +9.50 
12° 37.6’E) 1,175 13.25 38.497 1.0 + 9,38 
1,430 13.19 39.477 0.0 + 9.39 
0 37.554(B) 
Station 24 179 13.86 38.440 9.5 + 9.45 
(41° 17.7’N, 525 ý 13.92 38.665 4.0 +9.41 
11° 03.6'E) 846 13.53 38.572 2.0 +9.50 
992 13.29 38.510 0.0 +9.47 








a “Results relative to SMOW. 


+ (B), Bucket samples from the surface. 














sing unprotected thermometers. 
~The 6480(S0,?>) values range from 9.31%, to 9.65%,, with an 
ae average value of 9.44%.. This agrees well with a previously 
oP. reported value of 9.47 +.0.19%, from the Tyrrhenian Sea’. In 
the region of- pronounced step structure (Station 19B1) me 
i 8#O(SO,? ~) values lie between 9.57%, at 547 m depth and 9.34%, 
a at 900-1,000 m. 
The 8!8O(H,O) analysis, made only at station 19BI, showed 
--an-increase from a value of about 0.7%, in the surface waters to 
a value of about 1.3%, in water below 600 m. 
A net decrease of tritium concentration with depth can be 

“seen at all stations. The tritium concentration in the thermocline 
zarea (Station 19B1) is very uniform (about 12 TU) and con- 
< siderably higher than in subjacent waters. In the intermediate 
< :Levantine water (about 600 m) the tritium concentration is 6 TU. 
In the region of the stepped structure the tritium content 
a decreases with depth (2.8 +0.6 TU), but the disparity is a little 
3 lower than the expected error. The deepest water sample is ‘dead’. 
It must be admitted that the results of this first attempt to 
a detect significant differences in the isotope concentration of the 
oo separate. layers are inconclusive. There is no doubt that both in 
he layered structure and at adjacent stations where the layering 
not marked, the tritium concentration decreases with depth, 
: nd the tritium contents in the stepped portion of the TDS 
_ profile at station 19B1 may be taken as an indication that the 
5 bserved steps concern a water mass showing a uniform 

pparent age, intermediate to those of the overlying Levantine 
< and- underlying deeper waters. If, as is probable, the stepped 
= water mass results from mixing between the Levantine Inter- 
-mediate water and the deep, ‘dead’, water, then at different 
times correspondingly different degrees of mixing and, conse- 
quently, different tritium concentrations will occur. Thus, 
< because they have the same tritium contents, the observed layers 
-~ may be formed at the same time or at very close times. There is 
: also some indication that the tritium concentration of the 
= Levantine Intermediate water (300-600 m) decreases to the 
-- north, though again, the differences are roughly comparable to 
the accuracy of the measurements. 
- This research was partially supported by CNR—University 
of Pisa. 
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TD casts were made with a ‘Nansen: bottle attached above ‘thes: : 
robe for calibration purposes. Corrected depths were calculated 





Ophiolites and oceanic crust 


OPHIOLITES consist of a pseudostratiform sequence, of 
harzburgite, tectonite, ultramafic and mafic cumulates some- 
times including gabbro and quartz diorite (plagiogranite) 
intrusions, dolerite dyke swarms, pillow lava', and deep-sea 
sediments? *. This assemblage occurs in all Phanerozoic 
mountain systems and is interpreted as fossil oceanic crust 
and uppermost mantle’, Outstanding problems include 
differences between the chemical properties of ophiolites 
and rocks thought to represent present-day oceanic crust ™??, 
the lack in some complexes of recognised dyke swarms or 
cumulates, and the relative thinness of ophiolite mafic 
rocks compared with standard oceanic crustal sections**". 

We here attempt to resolve some of these difficulties by 
comparing data on oceanic crustal structure, with data on 
selected, relatively complete, ophiolite complexes. We also 
discuss possible relationships between age, spreading rate, 
and crustal structure, and suggest a more precise correla- 
tion between oceanic crustal and ophiolitic layers. 

Table 1 presents data on both the internal structure of 
ophiolite complexes used in this comparison, and our in- 
ferred thicknesses of oceanic layers 2 and 3 (see refs 13 and 
14). 

Several workers have discussed the variation of oceanic 
crustal structure with age and rate of spreading”. 
Sutton et al., reported a series of combined wide-angle 
reflection-refraction measurements from the Pacific Ocean, 
which present a somewhat different structural picture from 
the normal oceanic model. In particular they found abun- 
dant evidence for a basal layer of Vp=7.1-7.6 km s7! 
between the main oceanic layer (layer 3) and the mantle. 
They suggested that this layer is widespread, but seldom 
recognised. We here compare their results with the ocean 
crustal ages? and spreading rates”. 

The thicknesses reported by Sutton er a/.'* show little re- 
lationship to age of crust (Fig. 1). This contrasts with ob- 
served increases in the thickness of layer 3 (ref. 17) but it 
may be because of inadequate data. 

Figure 2 shows that the thicknesses of the oceanic and 
the basal layer, respectively decrease and increase as the 
spreading rate increases. Comparison of seismic velocity 
(V,) with spreading rate (Fig. 3) reveals little change in 
the oceanic layer but an apparent decrease with increasing 
rate in the basal layer. 





Thickness (km) 





8 10 20 30 40 g 0 70 80 Əü 100 TIO 120 130 
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Fig. 1 Relationship between the thicknesses of the oceanic 
(a, Vp=6.2-7.0 km s`’) and basal (b, V)=7.1-7.8 km s~’) 
layers’* and the age of the crust. 
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Complex Thickness (km) Oceanic correlaion. 

Transition Gabbro Diabase Lava Laver 3 Layer 2. fa 

Vourinos* v) 1 1.6 ~0.5 ~O.5 16 ] ; 2.6. 

Troodos!*-** (T) 0.5 0.5 2.3 0.9 0.8 3.2 5. 5 

Kizil Dagh” (KD) 2.0 2 0.4 0-2 0.4-2.4. 24 
Semail®? (S) 3 2 l Dd. e oF Eoi 
Othris?® (O) 0.25 0.6 0--0.25 0.6-0.85. 0.85 

Pindos”:?? (Pi) ~} ~] 0.3 1 R LF 
Papua” (Pa) 0.5 4 46 4 Sl: Poo 
~Elbas?3* (E) 0.1 1.1 0.1 Ei nono 
Betts Cove** (BC) 0.2 i l 0.2 AE PAF ae 
Canyon Mountain? (CM) 5.1 0.4 31 04 3.925 
Bay of Islands’ (BI) 0.8 2.6 0.6 1.2 2.6 1.8 _ ie 


The sections of Sutton ert al." closely resemble those 
of the selected ophiolite complexes (Fig. 4). The range of 
thickness of the oceanic layer (approximately 1-5 km), is 
surprisingly similar to the inferred range of thickness of 
layer 3 (gabbro) in ophiolites (0.25-4 km). 

Furthermore, the presence of a basal layer intermediate 
in velocity between the oceanic layer and the mantle, also 
has a geological counterpart in ophiolite complexes, that is, 
the mixed mafic—ultramafic or ‘transition’ zones of many. | 
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Fig. 2 Relationship between the thicknesses of the oceanic 
{a} and basal (b) layers’* and the spreading rate. 


ophiolites. These zones are composed principally of layered 
cumulates, which in at least one case (Vourinos) are 
arranged in cyclic units’. The interstices between cumulus 
crystals (for example, olivine) may be filled by material 
of the same composition as the crystal itself’ (thereby 
forming, for example, a dunite); or they may be filled by 
other minerals (for example, plagioclase and pyroxene)™ 
thereby forming, for example, a plagioclase hertzolite or 
wehrlite. As the postcumulus material comprises as much 
as 50% of a cumulate, fairly large differences of seismic 
velocity can be expected, depending on the relative amounts 
of ‘secondary enlargement space filling’ material. 

These differences are of fundamental importance in any 
consideration of magmatic processes at a ridge, because 
‘secondary enlargement’ apparently is controlled by the rate 
of accumulation of cumulus crystals in layered cumulus 
complexes”. When the rate of accumulation is slow, diffu- 
sion operates to produce enlargement. When the rate is 
rapid, the original magma effectively is trapped and ‘space 
filling material’ is formed. This, relationship is evident 
in the Stillwater complex where there is an inverse rela- 
tionship between the thickness of section of olivine cumu- 
alte and the amount of enlargement”. 
Thus, the data suggest that in slow spreading ridges, 





Table 1 Age, thickness, and structure of selected ophiolite complexes 
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Fig. 3 Rone between velocity (V;)n basal (a). and 


oceanic (b) layers and spreading-ate. 


Completely unserpentinised ultramafics æ rare in ophio- 
lite complexes, but occur in a few, suchis Vourinos or = 
Papua. Possibly the serpentinised—fresh ulkamafic contact 
in these complexes represents the seismi Moho rather 
than the mafic—ultramafic contact. Whethr serpentinised — 
or not, it is apparent that the basal layer-rantle interface 
may not correspond to the epee ee aD contact 
of ophiolites™. a Ae, 

It is not yet possible to infer a spreadig rate. 
given ophiolite complex by comparing the nterna 
ture and petrology with seismic data of ceani 
but some trends are emerging. It seems easona 
assume, however, an oceanic crustal mode as follows: 
layer 2=pillow lava, and dolerite, or zeole-greenschist _ 
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Fig. 4 Upper row, crstal sections of the Pacific basin’. Numbers over sections are sites of Sutton er al”. 


facies equivalents "oceanic layer (layer 3)—gabbro, and 
quartz diorite (plaggranite) and/or amphibolite; basal 
layer=a mixed ultimafic cumulate zone together with 
partly serpentinisedtectonite. 

Refinement of th model awaits more data on ophiolite, 
oceanic crustal litheogies, and thicknesses and elastic prop- 
erties, obtained eitkr seismically or by drill sampling. The 
elastic properties ¢ ocean ridge dredge samples confirm 
that layer 2 is baaltic and the oceanic layer (layer 3) Js 
gabbroic, but idenfication of basal layer rocks is unlikely 
using this approaa, and coherent stratigraphy is difficult 
to establish in drdge hauls. The ultimate aim is the cali- 
bration of ophiol® spreading rates, and thus those of now 
vanished Phanereoic oceans. 
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dolerite; g, gabbro +, mixed mafic-ultramafic or ‘transition’ zone. Symbols for ophiolite complexes are from Table 1. 
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Optical absorption phenomena 
at electrode surfaces 


THERE has been a considerable expansion recently, in the 
application of optical techniques, such as internal reflection 
and specular reflection spectroscopy, ellipsometry, interfero- 
metry, holography and optical microscopy, to the study of 
adsorption phenomena in electrochemical reactions'-’. 

In general, these methods have been used to study the optical 
properties of the electrode material and of thin films adsorbed 
on to their surfaces. Internal refiection spectroscopy and 
specular reflection spectroscopy have both been used to monitor 
the surface concentration of an electroactive species*-®. 

We describe here some preliminary observations of the optical 
absorption phenomena which occur above a platinum cathode 
surface when dilute aqueous solutions of metal cations contain- 
ing a preponderant concentration of an indifferent electrolyte, 
such as an alkali metal halide, are electrolysed at low current 
densities and controlled potentials in a silica cuvette. 

“Well defined transient absorption spectra are obtained both 
‘on’ th; cathode surface and as much as 108-10? A into the 
solution phase. The wavelengths of the absorption maxima of 
the transient absorption bands bear a close relationship to the 
shorter wavelength absorption lines of the same atomic species 
in a gås phase. Furthermore, the peak intensities of these 
transient signals are proportional, in each case, to the concen- 
tration of the free electroactive cations in solution. No corre- 
sponding signals are observed at the anode or in the absence of 
the electroactive species, or at potentials below that required to 
discharge the particular cation. The signals are most intense at 
grazing incidence on the cathode, but they are also found in the 
solution phase when the cathode is below the analysing light 
beam. 
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g 1 Variation of absorbance (207 nm) with voltage. Upper 
ne, 5 p.p.m. Zn?* in 0.03 M K,SO,: lower curve, 0.03 M 
ae KSO, only. 
























These observations suggest the transient existence o 
free atoms in the solution, close to the cathode surfi 
probable that these are formed by a process of electro 
ling from the cathode with the formation of hydrated ele 
which subsequently reduce the hydrated, or otherwise l g 
cations. i 

These experiments suggest to us the basis of a potei 
useful analytical trace technique of hydrated (solvated) atomi 
absorption spectroscopy (T. S. West, Fourth International 
Conference on Atomic Spectroscopy, Toronto, unpublished). 
The technique may also prove useful for the examination of 
surface mechanisms in electrodeposition and electrochemistry : 
in general. n, 

A simple ultraviolet/visible spectrophotometer was built from 
a hydrogen lamp and power supply, a tungsten filament lamp, 
a monochromator, and a photomultiplier tube with a Branden- 
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Fig. 2 Variation of absorbance with wavelength; 
Zn** in 0.03 M K,SO, at —1.4 V. 


10 p.p.n 
burg type 475R e.h.t. power supply. The output was moni 
by a chart recorder. A 20-mm silica cell was used, W 
platinum plate electrodes inserted. A potentiostatic wa 
source was used as a signal generator. The alignment. W 
that a narrow collimated beam of light passed over the. 
of the cathode, with the anode kept well clear of the li 
The cathode could be racked upwards or downwards 
light beam. 7 
Each element was studied by using hé highest poss 
potential difference in order to find a wavelength at wh 
maximum transient increase in absorption was obtaine 
that wavelength, the optimum electrode pretreatment conditions 
and potential difference were found, and, using these, the — 
variations of absorbance with wavelength and with concentra- me 
tion of metal cation were obtained. ase 
The stock solutions were diluted to give solutions of (typically) He 
10 parts per million (p.p.m.) in 0.03 M KSO; or 0.1 KC: 
A 5 cm? aliquot was placed in the cell and de-aerated with __ 
oxygen-free nitrogen. The gain of the system was adjusted so o 
that zero absorbance was registered, and a potential step- 
(square wave) was imposed on the electrodes so that the 9 _ 
electrode in the light path became the cathode. After the change 
in absorbance had been recorded, the cell was emptied (by. 
suction) and the working electrode was washed with dilute base - 
electrolyte while a high positive potential (up to 5.0 V) was | 
applied—that is, it was cleaned by anodic stripping. If necessary, 
any surface oxide was reduced by reversing the ala o 
system. a 












Cu*+, Cd?+, Fe?+, Fe®+, Pb?+, Zn?+, Co?+ and Ni?+. On 
applying a potential difference between the electrodes a transient 
increase in absorbance was observed. This change in absorbance, 
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has been interpreted as absorption of light by reduced species 
generated on or near the cathode surface. 

A variation of absorbance with voltage was observed, in 
most cases, after a simple step function had been applied, that is, 
the potential difference was stepped from 0.0 V to the preset 
required value. Pulsed square wave functions were also used 
(both between zero and the required voltage and between 
positive and negative values) but, in general, these did not 
increase the magnitude of the absorbance obtained. The magni- 
tude of the potential difference is limited by cathodic evolution 
of hydrogen (it was limited to about — 2.2 V in 0.03 M K,SQ,). 
At the absorption maximum, plots of absorbance against 
potential difference were obtained. These have the appearance 
of d.c. polarograms; as the potential difference is increased, the 
absorbance increases until a plateau region occurs. This persists 
as the applied potential difference ts progressively increased 
until the background electrolyte begins to be reduced, or 
hydrogen is evolved, at which point a rapid increase in absorb- 
ance, resulting from scattering, is observed. Zinc typically has 
a plateau region of —1.1 to —2.0 V (Fig. 1). 

With an oxidised cathode an increased signal was obtained at 
lower potential differences. At —2.0 V the nature of the pre- 
treatment had no effect on the magnitude of the absorbance 
signals observed for any of the cations. 

With the background electrolyte alone, no absorbance was 
observed at wavelengths greater than 210 nm. Below this, a 
band with a maximum absorbance of about 0.25 (half band- 
width 10 nm) was observed at 197 nm. 

Plots of absorbance against wavelength were made at the 
optimum observed conditions. Generally, these are, not un- 
expectedly, much broader than gas phase absorption lines and 
have a single maximum occurring in the ultraviolet. For example, 
zinc has a maximum at 207 nm and a half bandwidth of 16 nm 
(Fig. 2). The spectra for the other metals so far examined are 
broader. 

l Absorbance against concentration was plotted at the absorp- 
tion maximum for each metal. Generally, the plots were linear, 
over a variety of concentration ranges. The zinc calibration was 
linear between | and 12 p.p.m. 

The absorption typically reached its maximum value after 
approximately 30 s and then decayed to the initial value over a 
period of up to 2 min if the applied potential was maintained. 
The decay was more rapid if the potential difference reverted to 
zero at, or just after, the maximum absorbance had been reached. 

. The maximum absorbance was only maintained if an oscilla- 
ting voltage function (both positive and negative going) was 
used at a frequency greater than 0.1 Hz. 

Although some metals give rise to more intensely absorbing 
species, there is a concentration range for each metal so far 
studied, over which the absorbance is a linear function of con- 
centration. This, together with the possibility of achieving 
selectivity with a suitable choice of wavelength and voltage, or 
with selective complexing and masking (as in the preconcentra- 
tion step in voltammetric stripping analysis), points the way to 
‘ analytical applications. 
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Comparison of predicted 
and experimentally determined 
secondary structure of adenyl kinase 


It is generally accepted that the action of a protein cannot 
be understood until its three-dimensional structure is known. 
At present, X-ray analysis of protein crystals is the only method 
of obtaining such structural information. It is to be feared, 
however, that many important proteins will never give suitable 
crystals so that one is obliged to consider other approaches 
to structure elucidation. Renaturation experiments indicated? * 
that the three-dimensional structure of many if not all proteins 
is a unique function of their amino acid sequence. Therefore, 
in principle one should be able to determine these structures 
by using only the information contained in the sequence. A 
first step in this direction is the prediction of secondary struc- 
tures (a helices, B pleated sheets, 8 bends) in globular proteins 
from amino acid sequences. Several prediction schemes have 
been devised to this end®-2*. It is the aim of this paper to 
demonstrate directly the current standing of such methods. 

The enzyme adenyl kinase (adenylate kinase, EC 2.7.4.3, 
molecular weight 21,600) (ref. 24) was taken as a test object. 
Itsamino acid sequence? was distributed toseveral groups known 
to work on prediction schemes. None of these groups knew 
the three-dimensional structure?* of the protein when giving 
their prediction; and they were not informed about structural 
relationships”? between adenyl kinase and other proteins. 
Therefore, none of the predictions can be biased by previous 
structural information. . 

The predicted and the experimentally determined secondary 
structures in adenyl kinase are compiled in Fig. 1. The experi- 
mental data are derived from a 3 A electron density map. 
Although such a map is not detailed enough to show hydrogen 
bonds directly, most of the secondary structures are clearly 
visible. There are considerable differences between the pre- 
diction methods that have been applied. Detailed descriptions 
of the individual schemes can be found in the references given 
in the legend of Fig. 1. As shown in the lowest part of Fig. I 
the a helix predictions correspond every well with the experi- 
mental data. Two groups found nine, two groups found eight, 
and one group found seven out of the 10 helices. Only one of 
these five groups predicted a wrong piece of chain as being 
helical. The results in Fig. 1 indicate, however, that it is still 
difficult to find the correct starting and termination point of 
a helix. 

A conventional way of estimating the success of a particular 
prediction scheme is to compare the prediction with the experi- 
ment in every single residue**. Therefore, scores have been 
made which are listed on the right side of Fig. 1. One group 
gave an inverse prediction, that is, helix breakers instead of 
helical residues. To avoid confusion this kind of prediction 
has not been scored. A ‘joint prediction’ of a helices was 


_ produced by adding predictions A to J at each residue and 


displaying the result as a histogram. This histogram is in good 
agreement with the experimental data except for the C-terminal 
region. 

Four groups predicted those residues that are involved in 
pleated sheet structures and one group assigned sheet-breaking 
residues. Again, scores have been taken and a joint prediction 
histogram has been produced. The results show that the three 
central strands (around residues 12, 91, and 116) of the five- 








Nature July 12 1974 


lemperature 
and Life 


By Professor Dr. Herbert Precht, Zoologisches 
Institut der Universtat, Kiel; 
Professor Dr. Jes Christophersen, Universitat 


Hohenheim, Fachgruppe Lebensmitteltechnologie, 
Stuttgart; 


Professor Dr. Herbert Hensel, Institut fiir Physiolo- 
gie der Universitat, Marburg, and 

Professor Dr. Walter Larcher, Institut für Allge- 
meine Botanik der Universitat, Innsbruck, Austria 





With 263 figs. XX, 779 pages. 1973. Cloth DM 142,— 
ISBN 3-540-06441-9 
Prices are subject to change without notice 


The text of the 1955 German edition, Temperatur 
und Leben, by Precht, Christophersen and Hensel 
has been completely revised and substantially 
enlarged for the English edition. 
The great difference between this and the earlier 
work in German is that in 1955 there had been 
no book on the subject for 20 years, so that the 
material was virtually novel. Since then a number 
of books and review articles have appeared, 
but none of these gives a complete survey of the 
whole subject. When setting out to cover such a 
large canvas, it is essential to maintain the 
balance between the various parts of the picture: 
thus, the physiological aspects of temperature 
adaptation are always well to the fore. It is also 
necessary to ensure that all are viewed from 
approximately similar standpoints: for instance, 
the decision was taken always to mention species 
that diverge from the norm. 
The book is addressed primarily to biologists, 
whether microbiologists, botanists or zoologists, 
-but could appeal to physicians and others with an 
interest in thermoregulation and temperature 
adaptation in warm-blooded animals, man among 
them. 


W Prospectus on request 





Springer-Verlag 
Berlin Heidelberg New York 


| München Johannesburg London 


‘|. Madrid New Delhi Paris Rio de Janeiro Sydney 


Tokyo Utrecht Wien 














PORTABLE WATER BATH we/100 


A lightweight portable Water Bath weighing only Alb. 
(1.8Kg) when fully loaded with rack and tubes. itis f 
absolutely ideal for carrying out small scale tests and f 
one off jobs. The versatility of this portable unit has 1- 
been proved in many areas, such as:— Fume Chamber — | 
or Protective Cabinet, Tube agglutinations, Haemolysin 
tests, Hydrolysis, “Thrombotest”, Vidal test, ‘Routine 
Haematology Water Bath and so on. 


WATER BATH GWB/200A 


For blood coagulation techniques, prothrombin and 
progressive coagulation. : 
A specially designed glass-panelled water bath for the 
observation of materials under test whilst keeping them = 
at the required temperature : e.g. 37° C for Prothrombin. | 
activity determination. For such purposes the bath f- 
can be coupled with an adjustable viewing lamp p 
GWB/L9. Extremely useful in teaching students ando- 
in certain post-graduate classes. | 


GWB/LS 
This lamp has the feature of a 
rotatable dual-purpose reflector, 
one side natural anodised alumin- 
ium and the other matt black. This 
allows a very wide range of inci- 
dent light intensity. 





For full information on Water Baths, please 
write or telephone: 


(©) LUCKHAM LIMITED 


Labro Works, Victoria Gardens, Burgess Hill, = 
Sussex, ENGLAND RH15 9QN. ee a 
Telephone: Burgess Hill 5348 [ 
Telegraphic address LABRO-BURGESS HILL 
Telex 87323 FS1 Brighton. Code Luckham. 











as ititeeaies, elaine 


ACTAM VI UV/Vis. to NIR 
Spectrophotometer offers the 
sophisticated researcher the latest 
analytical and operational flexibility in 
the UV/Visible Near IR region of 190- 
3000nm. The high performance 
features of this instrument provide the 
user with the ultimate in wavelength 
accuracy, resolution, and readability 
No other instrument available today 
features such outstanding capability. 


C DOUBLE MONOCHROMATOR- 
ALL GRATING 


A dual grating double monochromator 
provides unparalle les a a 
throughout the wavelengthr 

together with excep o a AR 
light. The eaten is better than 0-05 
nmin the Visible and UV and better 
than 0-3 nmin the ee IR. The stray 
lightis better than 0-0001% in the 
region 240-500 nm and better than 
00-01% at 2740 nm, 





MAiA AAAA TTAN meee Aarin Lian titantron fa i paaa yanana A 


$ I HIGH ENERGY + 
LOW STRAY LIGHT 


The High energy and low stray light 


give a large photometric range and 
high sensitivity with digital readout to 
the fourth decimai place in Absorbance 
in the range O-1-2A and digital readout 
to three decimal places in the range 
O-3A. Ten Absorbance ranges are 
provided for the integral potentiometric 
recorder from 0-01A full scale to 3A 

full scale 


* T FIRST DERIVATIVE SCANNING 


ist derivative scanning is provided 
with 5 ranges from 0-01-0-2 equivalent 
absorbance units 


The flexibility of the system is 
enhanced by providing 8 wavelength 
scanning speeds and 7 chart speeds all 
selected by push button (stepper 
motors are used both in wavelength 
and chart drive). Photometric readout 
can be in Absorbance units, % T., 

orin Concentration units with 5 


possible values of period control between 


O-5 and 8 seconds 





Nature July 12 1974 











a 


“COM PARTMENT 


The large sample compartment with ¢ 
inch beam separation and centre foci 
is particularly accessible, The wide 
range of accessories available fiton 
fixed mountrails for reproducible 
Senne positioning. 


= i REPEAT SCANNING 


ee. nning, either serial or 
overlay, automatic source change an 
calibrated zero suppression are 
standard operating features. Toensu 
correct operation, a dynode voltage 
indicator is fitted ea with an 
invalid control light which indicates 
improper P scan, and char 
speed selection. 


These outstanding features of the 
ACTA M VII make it a top-of-the-line 
instrument for performing sophistica 
and dedicated analytical workina 
variety of industrial and bio-medical 





Nature July 12 1974 











lear IR Grating 
rom Beckman 


applications. This work includes 
analysis of chemicals, pharmaceuticals, 
water and air pollution, water and gas 
in hydrocarbons, hydrogen bonding, 
and many other industrial and quality 
control applications. In biomedical 
research the ACTA M VII is used for 
high absorbance analyses, protein and 
amino acid structures and other high- 
grade, analytical work 
For less demanding applications the 
dual grating single monochromator 
ACTA M IV has the operating features 
of the ACTA M VII being limited only 
by the capabilities of tne single 
monocnromator 
Both ACTA M VII and ACTA M IV are 
computer compatible and are 
supported by a wide range of 
accessories 

r 
For further information please write, 


telepn ine or Telex the address below 





Beckman°® 









A way of life e 
in the Laboratory i 


Beckman-RIIC Limited, 
Eastfield Industrial Estate, 
Glenrothes, Fife KY7 4NG, Scotland 
Tel: Glenrothes (0592) 771234 
Telex: 72532 














S 
S 
S. 
S. 
S 
S. 
S 
S. 





ay Dptical lemen ts— Manufacturing facilities for lenses, prisms 


and special optical elements in glass, silica, cultured and natural quartz. Polarising prisms up to 


12 mm aperture usually ex stock. 


ad 
Graticules— Circular and linear scales, masks, index lines, etc., on glass 


substrate, in photographic emulsion, etched or chrome deposited. Also clear apertures to precision 


form etched in metal foil for scanning discs, slits, etc. 


o oe o 
Aluminising— Mirrors, fully or partially reflecting in aluminium and 


other metals by vacuum deposition. 





- RADIATION ? 


Then our range of instruments 


a 
Re 
w% 

w 


kad 


+ w 
pot GS 


PRL 


#- 


* 


Š. 


Yob eh 


* 
w 


* 


= 
apaan, SAN i. 
+ 


z 


24 pi 
N 


S.R.4.10 


€ 


ee will interest you. 


Solarimeter. 


_Actinometer. 


Pygeometer (long wave). 


- Nett Radiometer. 

- Underwater Nett Radiometer. 
Solari-Albedometer. 

- Reversing Albedometer. 


Miniature Nett Radiometer. | 
Thermo Electric Flow Probe 
for low flows. 

Soil Heat Flux Plate. 
Stiletto Heat Flux Plate. 


-Pre-calibrated elements, and sensors avail- 
= able., . Maintenance Service by air mail 
E parts exchange. 


o nvite your enquiries. 


F. $0 ; RR ADIATION INSTRUMENTS 


OSE STREET, ALTONA, VICTORIA 
AUSTRALIA... 3018 









| / ft ta Teds g Ca leite— A smail quantity of high grade crystals in excess 


of our requirements is available for resale. 


Radioactive 


Poly A& Poly U 


from stock 








* 


Polyadenylic acid, ammonium salt 
[adenylate-2, 8-3H] 

>600mCi/mmole Current Lot: 1 Ci/mmole 
Lyophilized solid in screw-cap bottle, shipped in dry ice. 
NET-450 $105/25uCi $325/100uC! 


Polyuridylic acid, ammonium salt 
[uridylate-5, 6-H] 

>500mCi/mmole Current Lot: 13 Ci/mmole 
Lyophilized solid in screw-cap bottle, shipped in dry ice. 
NET-436 $105/25uCi $325/100uCi 


Molecular hybridization with 7H-labeled Polyuridylic 
acid (Poly U} has been used '~? to detect Poly A 
sequences in viral RNA. 















1.D. Gillespie, S. Marshall, and R.C. Galio, Nature 236, 227 (1972). 


2.J. Schiom, D. Coicher, S. Speigeiman. S. Gillespie, and D. Gillespie. 
Science 179, 687 {1 973 ko 













es av England Nuclear _ 
575 Albany Street, Boston, Mass. 02118 T 
Customer service $1 7-482-9595 


NEN Canada Lid., Dorval, Quebec: NEN Chemicals Gmbh, Dreleichenhain. V w N Gotten, | 








Nature Vol. 250 July 12 1974 


bead Heo} B 


—— 





141 


pred pred. nat 





150 17G 180 190 
Wik RRK i Hi 


Fig. 1 Comparison of predicted and experimentally determined a helices, strands of B-pleated sheets, and bends in adenyl kinase. The 
experimental data (X-ray) have been derived from a 3 A electron density map. At this resolution the exact geometry of bends cannot be 
evaluated with certainty. Therefore, the experimentally determined bends in Fig. | are defined as changes of more than 120° in the overall 
direction of the polypeptide chain and without reference to any hydrogen bonding scheme. None of the predictions is biased by previous. 
structural information about the enzyme. The predictions 4 to K have been supplied by A, Barry and Friedman; B, Chou and Fasman*>**; 
C, Finkelstein and Ptitsyn®- 4; D, Levitt and Robson™-?2; E, Lim, F, Nagano”: G, Burgess and Scheraga’: `H, Burgess and Scheraga’; bi 
1, Burgess and Scheraga**; J, Burgess and Scheraga’®; K, Kabat and Wu”, They are based upon prediction schemes that have been described. 
in the corresponding references. (The method applied by Barry and Friedman has not been published yet. It uses an analysis of the distribution 
of amino acids occurring at both ends of helices to define potential starting and termination points of helices in a sequence. In this method the 
residues three before and three after, as well as the residue defined as the beginning (or end) of an helix, are considered to be structurally 
significant. The predictions are based on data for 90 helices from 23 distinct three-dimensional protein structures.) Although predictions are 
usually made as probability profiles, all groups converted their profiles beforehand to yes or no decisions for each residue by comparing the 
probabilities with a given threshold value. Thus, every prediction depends on the threshold value applied*?. This procedure simplified the 
comparison appreciably. But concomitantly, it reduced the amount of information contained in any of the predictions. Kabat and Wu predicted 
helix and sheet breaking residues, which are indicated by vertical arrows. Dashed arrows point to residues that are helix breaking but witha 
lower probability. Dashed lines in the bend prediction J indicate ‘multiple bend regions’. A bend is predicted to be anywhere within such a 
region. Three joint prediction histograms have been produced by adding predictions A to J for helix, predictions B, C, E, and F for sheet and 
predictions B, F, /, and J for bends, respectively. Scores of correctly and incorrectly predicted residues as well as residues not predicted are 
listed on the right side of the figure. P 


stranded parallel pleated sheet in adenyl kinase have been 
predicted correctly by all groups. This is not true, however, 
for the two strands at the edges of this sheet. Scores and 
histograms indicate that the accuracy of the B-sheet prediction 
is lower than the accuracy of helix or bend prediction. This 
might be related to the fact that the sheets are predominantly 
formed by interactions between residues that are far apart 
along the polypeptide chain (= nonlocal interactions) whereas 
helices and bends are caused by interactions between neigh- 
bours along the chain (= local interactions). Obviously, local 
interactions are more easily recognised in an amino acid 
sequence than nonlocal interactions, because the latter require 
assumptions about the three-dimensional structure. 

The results in the upper part of Fig. 1 as well as the corres- 
ponding scores indicate that bends of the polypeptide chain 
are often successfully predicted. The joint prediction histogram 
shows that essentially only the bend around residue 64 has 
been missed. The bends predicted at residues 95 and 122 turned 
out to be directional changes in the polypeptide chain of only 
60° and 90°, which is less than the 120° required in the definition 
for an experimentally determined bend (see legend of Fig. 1). 

As shown in Fig. | some of the secondary structures have 
been predicted consistently whereas others were less readily 
recognised. The a helices in the middle of the chain and the 
strands in the centre of the sheet and the bends near to the 
_N terminus were predicted consistently. There is less agree- 
ment in the C-terminal region. It is conceivable that consistent 
predictions are obtained in chain segments where local inter- 


actions dominate the formation of secondary structures and 
that the predictions become more inaccurate whenever non= 
local interactions predominate. Thus, the prediction proble S: 
in the C-terminal region would be understood if during th 
folding process the C-terminal end is wrapped around a pre- 
existing molecular core. Nonlocal interactions with this core- 
might force the terminal chain into its final secondary structure. — 

Adeny! kinase contains a structurally rather independent 
domain consisting of the three helices between residues 41 and 
84. The consistent prediction of these helices indicates that 
their formation might be dominated by local interactions. 
Moreover, if local interactions dominate, the helices can form 
spontaneously so that they may be nucleation points: and the 
domain may be a nucleus*!?*-3! in the folding process. 

In conclusion it seems fair to state that the joint prediction © 
histograms allow the assignation of most of the helices and 
bends and more than half of the sheet strands. It must be 
remembered, however, that adenyl kinase is a protein with 
abundant secondary structures and that joint prediction histo- 
grams of other proteins might be less informative. For the 
same reason the merit or demerit of any prediction scheme 
should not be judged from its success with this particular 
protein alone. 

We thank Drs A. W. Burgess and H. A. Scheraga who sup- 
plied four of the predictions and commented on the text. 
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Topological comparison of 
adenyl kinase with other proteins 


A COMBINATION of amino acid sequence analysis? and X-ray 
analysis has yielded the atomic structure of the enzyme adenyl 
kinase® (adenylate kinase, EC 2.7.4.3). No protein of which 
the structure is known is so closely related to adenyl kinase that 
an amino acid sequence comparison® or an exact geometrical 
comparison of the structures? € can be expected to indicate a 
relationship. Similarities with other proteins become apparent, 
however, if one restricts the comparison to topologies, that is, 
to chain folds without reference to the exact geometry. Since 
chain folds are particularly well conserved during evolution’ 
such a procedure might reveal distant relationships. 

The most important structural feature of adenyl kinase 
is its central five-stranded parallel pleated sheet*®; therefore, 
we shall only discuss proteins containing a similar motif. 
Central parallel sheets with more than three strands are present 
in subtilisin®~'°, flavodoxin'!}2, and various dehydrogena- 
ses!3-18 The sheets of these proteins are sketched in Fig. | 
according to a proposal of Rossmann (personal communica- 
tion). The drawings contain no geometrical detail. Only the 
sheet strands and the approximate path of the connections 
between these strands (through the upper and lower side of the 
sheet), that is, only the sheet topology, is given. In such a 
presentation the topology is fully described by the strand 
sequence in the sheet and the above-below pattern of the 
connections. Since there are finite, calculable numbers of 
possible strand sequences and possible connection patterns, 
the number of possible topologies (M) is also finite and 
calculable. 

This number can be used to define a quantitative measure 
of relationship between two structures. Assuming, for instance, 
each of two proteins contains an #-stranded parallel sheet with 
identical topology; since such a sheet can exist in M different 
topologies, the probability that by chance both sheet topologies 
are identical is 1/M. Or, in other words, the significance of 
their relationship, which one might call ‘figure of topological 
relatedness’, is M:1. We shall now derive such figures within 
the group of protein structures shown in Fig. 1. 

First we have to evaluate the number of possible strand 
sequences in an n-stranded parallel sheet. This is equal to 
nt/2, the number of permutations of n items reduced by a 
factor of 2. The halving is necessary because symmetrically 
related strand sequences as ABCD and DCBA can be super- 
imposed by rotation. Second, we take into account that the 
n— I connections between the strands run either through the 
upper or the lower side of the sheet, giving rise to 2 2"-! possible 
above- E On sonnecnon Peers: ‘Combining. sirana e 


PaE oe topologies. For simplicity this counting 
scheme disregards further- topological differences which arise 
whenever connections cross each other as, for example, con- 
nections A-B and B-C in subtilisin. 

One can use this formula for a comparison within the 
dehydrogenase family, for example, for a comparison between 
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Table 1 ‘Figures of topological relatedness’ between protein structures 


Compared sheet topologies No. of No. of Uncorrected Reduction Corrected Figure of 
a strands in connections figure of factor figure of topological 
common for in common topological topological relatedness 
both sheets for both relatedness relatedness . including 
sheets _ binding region 

Adenyl kinase Subtilisin 5 3F 480 : | pea 240: bo 24005 

Adenyl kinase Flavodoxin 4 3 96: | 2x2 A TA 

Adenyl kinase Any dehydrogenase 4 3 96:1 2x3 

Subtilisin Flavodoxin 5 4 960 :1 2x1 

Subtilisin Any dehydrogenase 5 4 960 : | 2X2 

Flavodoxin Any dehydrogenase S 4 960 : J Fa? 

A dehydrogenase Another dehydrogenase 6 5 11520: 1 ix] 


* Adenyl kinase and subtilisin have five strands but only three (and not 

















lactate dehydrogenase!? and liver alcohol dehydrogenase. 
Both structures contain six-stranded parallel sheets with 
identical topology (Fig. 1), although there exist M =2°~? x 6!= 
11,520 possible topologies for such a sheet. Therefore, their 
“figure of topological relatedness” is 11,520 : 1. 

The reasoning can be extended to topologies that are identical 
in the central strands of the sheet but that do show differences 


at the sheet edges. The procedure is best described by com- 





Fig. 1 Topologies of proteins containing a parallel sheet. a, 
Adenyl kinase?; b, subtilisin’=!©; c, flavodoxin™:!?; d, NAD- 
binding globules (domains) of lactate dehydrogenase”, s-malate 
dehydrogenase’, liver alcohol dehydrogenase, and D-glycer- 
aldehyde-3-phosphate dehydrogenase"; pt, hydrophobic pockets, 
that is, presumed binding sites for adenine? ; p, phosphate position 
in the catalytic centre of adenylate kinase; cr, hydrophobic 
crevice, that is, presumed binding site for aromatic or apolar 
side chain”: cc, catalytic centre; fl, FMN; nic-ad, nicotinamide 
and adenine moieties of the dinucleotide NAD. In the case of 
adenyl kinase the five heavy circles are the five strands in the 
sheet. (The drawing corresponds to the linear diagram given in 
Fig. 3 of the adenyl kinase structure description’, if one views 
this figure from the top along the strands in the sheet, that is, 
along the plane of the paper, to the bottom.) The carbonyl ends 
of these strands point toward the viewer. The arrows indicate 
the direction of the polypeptide chain’, that is strands ABCDE 
in the sheet are ordered alphabetically along the course of the 
chain. The sheet topologies of the other proteins have been 
drawn correspondingly. The topologies of the NAD-binding 
globules of the four dehydrogenases are identical'*. The same 
topology might be present in horse “muscle phosphoglycerate 
_ kinase’’. The location of substrates (pt, cr), cosubstrates (fi, 
nic-ad), and catalytic centres (cc, p) are allin front of the carbonyl 
ee engs of the central strands in the sheet, that is above the plane 
A of the paper. 





No reduction factor for this disagreement has been applied, however, since connection B-C has only slipped aro 


‘ but also by correspondence of nucleotide binding positions’, 












four) connections in common baaie con 


paring adenyl kinase with flavodox 
four-stranded sheet (AC DE) and thre 
C-D, D-E) in common. This yields a 
topological relatedness’ of Px 
comparison, however, one strand ir 
discarded. When selecting these strands 4 
of one out of two possibilities in each. pr 
edge) has been made. Since such a choice reduce 
a reduction factor of 2 2=4 was applied to: t 3 
figure of topological relatedness”, yielding a “correct 
of topological relatedness” of 24: i (see Table 1). An analogou 
procedure has been followed when comparing other pairs. of ; 
structures (Table 1). 

The structural relationship within the dehydrogenase family 
is not only indicated by correspondence of sheet topologies 





As shown in Fig. 1, the other proteins contain similar sites at 
similar positions relative to the sheet. Therefore, we shall. 
include this kind of information about relationship into” the 
proposed quantitative measure. 

For sake of simplicity we do not distinguish between different | 
kinds of sites but merely refer to them as being a “binding 
region”. In the view given in Fig. 1, for all proteins this binding 
region is located in front of the carbonyl ends of the central 
sheet strands, that is, above the plane of the paper. In order to 
use the same reasoning as before, we estimate how many 
positions of such a binding region we would have accepted as 
being different. For instance, we would have been ‘able to’ 
distinguish between left side, centre, and right side of the sheet 
as well as between above, in front, in the rear, and below the 
sheet, that is, we would have differentiated between about 10 
positions. z 

Since all proteins show the same binding region position K 
out of these roughly estimated 10 possibilities, there is an > 
additional significance of their relationship of 10:1. Thus, oe 
the ‘corrected figure of topological relatedness’ (Table De 
may be multiplied by a factor of 10, yielding the overall ‘figure 
of topological relatedness including binding region’ between 
the structures (Table 1). If a closer correspondence of the 
binding regions could be established, there would be more — 
than 10 distinguishable positions and therefore | a larger 
additional factor. 

The results in Table 1 show that deni kae is. rather 
closely related to subtilisin and less closely to flavodoxin and 
to the dehydrogenase family. This corresponds to the strand 
sequence reversal BC compared with CB between adenyl 
kinase and subtilisin on the one hand and the dehydrogenases 
on the other. A relationship between the dehydrogenases, 
flavodoxin and subtilisin is clearly indicated. 

These relationships point to either divergent or convergent 
evolution. Convergent evolution would be expected if the 
resulting topology is energetically favoured or if the topology 
is favoured in the dynamical folding process'® of the poly- 
peptide chain. But this does not seem very likely. In the case 
of divergent evolution, however, we have to postulate a 
common ancestor for enzymes as distant from each other as the 
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Stimulatory capacity of human T and B 
lymphocytes: in the mixed leukocyte culture 


LYMPHOCYTES can be separated into thymus-dependent (T) 

and thymus-independent (B) cells on the basis of ontogeny, 
surface membrane differentiation markers, and function. 
Thus, some functions can be attributed solely to T or B 
cells, whereas others require T/B cell cooperation", When 

two populations of allogeneic lymphoid cells are cultured 
together in the mixed leukocyte culture assay (MLC), cellular 
interaction leads to blastic transformation and subsequent 
_ proliferation of a portion of the cultured cells. This prolifera- 
< tonm- response originates in T iymphocytes™ 5", But 
„secondary T cell-mediated B cell proliferation may in some 
species contribute to the overall proliferative response of 

T and B cells*-*. The question then arises: which cell type 
acts as stimulator in MLC? Is the stimulus to proliferate 
equally transferred by T and B cells, or are the antigenic 
determinants responsible for MLC activation represented 
exclusively or preferentially on the surface of only T or B 
lymphocytes? Studies in mice’ indicated that T and B 
=- cells possess equal stimulatory capacities. However, in other 
_ reports the stimulatory capacity in mouse MLC was almost 
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Fig. 1 Stimulatory capacity of unseparated T and B peripheral 


blood lymphocytes in human MLC. Lymphocytes (2 x 10°) were 
stimulated with decreasing numbers of irradiated allogeneic cells. 
Ordinate: ratio of stimulation @H-TdR uptake in allogeneic 
cultures over 27H-TdR uptake in corresponding autologous cul- 
tures), as calculated from the means of triplicate cultures. 
Abscissa; number of stimulating cells. Left bar, Unseparated 
lymphocytes; Centre bar, T lymphocytes; Right bar, B 
lymphocytes. 

exclusively attributed to B lymphocytes (refs 3 and 12, and 
personal communication from D. H. Sachs). 

We have attempted to answer this same question for 
human peripheral blood lymphocytes and report here that 
the proliferative response in human MLC is largely the result 
of stimulation by B cell-bound alloantigens. 

Cells responding in MLC were prepared from heparinised 
venous blood by centrifugation over a Ficoll-Hypaque gra- 
dient", This preparation regularly contained more than 90% 
lymphocytes, the rest being monocytes and an occasional 
granulocyte. 

Rosette formation of human T lymphocytes witheunsensi- 
tised sheep erythrocytes (SRBC) was utilised to separate 
peripheral blood lymphocytes, used as stimulating cells in 
MLC, into rosetting (T) and nonrosetting (B) cells. To 
remove monocytes, which stimulate, although weakly, in 
MLC", heparinised whole blood was incubated with sterile 
carbonyl iron powder for 60-90 min at 37° C with con- 
tinuous agitation. Subsequent centrifugation over a Ficoll- 
Hypaque gradient yielded lymphocyte preparations contain- 
ing less than 0.1% monocytes. Using a modification of the 
method of Wybran et alf, theseelymphocytes were rosetted 
with neuraminidase-pretreated SRBC (N-SRBC) which bind 
more firmly to human T lymphocytes than do untreated 
SRBC", Samples of 0.25 ml lymphocytes in Hanks 
balanced salt solution (HBSS) (10° mi~’), 0.25 ml of foetal 
calf serum (absorbed with SRBC; Microbiological Asso- 
ciates) and 0.5 ml of N-SRBC (10° miu!) were added to 
plastic test tubes, centrifuged for 8 min at 200g, and further 
incubated at room temperature for 60 min. The gently 
resuspended pellets of all tubes (containing rosetted and 
nonrosetted lymphocytes) were pooled, and centrifuged over 
a Ficoll-Hypaque gradient (30 min at 400g); rosetting celis 
formed the pellet and nonrosetting cells remained at the 
interface between the layers. The pellet lymphocytes (termed 
T cells here) were washed twice in HBSS, and resuspended 
in culture medium (see below) to the concentration needed. 
No efforts were made to lyse or remove the N-SRBC so as 
to manipulate the lymphocytes as little as possible: orienting 
experiments showed shat the capacity of lymphocytes to 
stimulate or respond in MLC was unaltered by addition of 
similar numbers of N-SRBC. The interface cells were 
washed, rerosetted and again centrifuged over a Ficoll- 
Hypaque layer, to remove residual rosetting cells. The inter- 
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face cells thus obtained will be termed B cells here. This 
procedure effectively separated T and B cells: preparations 
of B cells contan ss than 1% rosetting lymphocytes; and 
less than 2%. of the -T lymphocytes carried detectable 
amounts of p ace immunoglobulins, as determined by 
direct immunoflu scence. techniques”. 

MLC (I mi each). were set up in duplicate or triplicate 
with 400 ml Eagle's minimal essential medium (MEM) sup- 
plemented with 75 ml of decomplemented pooled human 
serum, 10 ml of L-glutamine (200 mM), 10 ml of a mixture 
of streptomycin and penicillin (5,000 U ml each), and 5 ml 
of nonessential amino acids (Flow Laboratories). To obtain 
one-way stimulation in MLC, stimulating allogeneic lympho- 
cytes were irradiated (2,500 rad; 1,660 rad min` from a 
caesium source) immediately before addition in various 
numbers to 2x 10° responding cells. Responsiveness in these 
one-way MLCs was attributed to the nonirradiated cells, 
whereas stimulation was considered to be a function of the 
irradiated cell populations. Cultures were maintained in a 
humidified 5% CO+air atmosphere at 37° C for 7 d. 
Lymphocyte stimulation was assessed from the uptake of 
tritiated thymidine ({H-TdR) into DNA during the last 4 h 
in culture; cells were processed as described previously”. 

_ Decreasing numbers of stimulating unseparated, T or B 
lettiphoytes were added to 2x 10° responding ceils. Figure | 
demonstrates that B cells stimulated three times more vigor- 
ously than T lymphocytes using a ratio of responder: 
stimulator cells of 1:1. When compared with unseparated 
lymphocytes, T cells possessed significantly lower and B 
cells higher stimulatory capacity (P<0.001). At lower 
responder : stimulator ratios, these differences were less 
pronounced. 

Mixtures with different proportions of T and B cells were 
prepared, and used for stimulation of allogeneic lympho- 
cytes. Figure 2 shows the proliferative response at three 
different concentrations of stimulating cells. Again, the sti- 
mulatory capacity of B cells was more than three times that 
of T cells at a responder: stimulator ratio of 1:1. Increasing 
percentages of T cells among stimulating cells led to 
decreasing stimulation. Similar, but less striking findings 
were obtained with lower numbers of stimulating cells. 
Could the stimulatory capacity of T cells be altered by 
formation of rosettes? Adherence of N-SRBC may expose 
previously masked T cell antigens for MLC stimulation; 

alternatively, T cell alloantigens may be removed or altered 
so that the T cells’ stimulatory capacity is reduced or lost. 
The data presented here refute these objections. The stimu- 
latory capacity of mixed T and B cells, using a T:B cell 
ratio of 2:1, was close to that of unseparated lymphocytes. 
Since there is a T:B cell ratio of approximately 2:1 in ùn- 
separated normal peripheral blood lymphocytes’, it can 
be concluded that T cells possess their original MLC- 
stimulating capacity after rosette formation. Data in Fig. 2 
further suggest that B and T cells contribute independently 
and additively to the stimulatory capacity of unseparated 
lymphocytes. To test whether T cells could suppress the 
stimulatory capacity of B cells, a constant number of stimu- 
lating B cells (2 x 10°) and increasing numbers of stimulating 
T cells (0 to 210°) were added to 2x10 responding lym- 
phocytes. The proliferative lymphocyte response increased 
with increasing numbers of stimulating T cells: this obser- 
vation excluded T cell suppression of the stimulatory 
capacity of B cells. 

These results demonstrate that the major stimulus in 
human MLCs has to be attributed to B cell-bound alloanti- 
gens, and that human T cells possess only weak MLC- 
stimulatory capacity. The strength of the stimulatory cap- 
acity of the T cell preparations renders it unlikely that the 
few residual contaminating B cells were solely responsible 
for this stimulation; true T cell-bound stimulatory capacity 
‘seems to exist in man. 
fe propose the following hypothesis to explain the strong 
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Fig. 2 Stimulatory capacity of human T and B- 
MLC. Responding cells (2 x 10°) were stimulated w 
allogeneic T and B cells at three different c 
Abscissa: percentages of T and B cells in the stimul 
mixtures. Ordinate: “H-TdR uptake into DNA (d.p.m.); indicated 
are the means +/— one s.d. of triplicate cultures. A, 2 105 
ane cells; @, 5 x 10' stimulating cells; W, 2 x 104 stimulating 
cells. i 
B cell and weak T cell stimulatory capacity in human MLC. 
Serologically defined (SD) alloantigens (H-2 in the mouse, 
HL-A in man) were originally thought to be responsible’ for 
MLC activation”. From studies in intra-H2 recomb 
mouse strains™ and in siblings with a crossing over 
within the major histocompatibility complex. (MHC : 
however, it is generally accepted that genes. clos 
linked to, but genetically separable from, the two SD o 
code for MLC activation (MLC loci, LD loci). Since 
genetic differences in the Ir region are required for stron 
MLC stimulation between congenic mouse strains’, I 
linked genes have been implicated as coding for MLC-act 
vating gene products’, A B-cell-specific alloantigen, 
by Ir-linked genes”, has been suggested to be resp 
for the strong one-way MLC activation observed bet 
two recombinant mouse strains". But at least one- 
MLC locus exists within the MHC of mice, coding fo 
weakly stimulating alloantigenic system“. n 
Two MLC loci have also been suggested in man, on 

coding for a strong and the other coding for a weak M 
stimulating alloantigenic system™’. It is tempting to sp 
ulate that, in further analogy to the findings in the mouse, 
the differences in the MLC-stimulatory capacity betwee! ; 
human T and B cells are due to different expression of- 
MHC-determined alloantigenic gene products on T and B= 
cells: the genetic locus responsible for strong MLC stim- — 
ulation may code for B-cell-specific alloantigens, whereas — Be 
the gene products of the second locus, coding fi Cea 
MLC-stimulating alloantigens, may be represe ae 
(and B?) cells. Further studies on the stimulatory capaci Yo es 
of T and B cells in siblings with a recombinational event 
in the MHC may substantiate this hypothesis. 
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Successful construction of chimaeric rabbit 


CHIMAERIC mice can be made by aggregation of zona-free 
cleavage stage embryos, and these animals have proved useful 
in analysing various aspects of development and differentiation, 
Animals of this type are particularly suited to test models which 
propose that genetic information is transferred between cells, 
for example during antibody formation. It has been reported 
that RNA extracted from immunised rabbits can induce cells 
homozygous for one u. munoglobulin allotype to synthesise 
antibody molecules carry ng a foreign allotype characteristic of 
the animals from which the RNA had been extracted!*’. 
Although chimaeric mice have been used to search for gene 
transfer during the normal in vivo response to antigen, these 
results have not proved conclusive’. 

The concept of gene transfer in the immune response 


sHervatieenewo 


Table 1 The immunoglobulin allotypic markers in the parental 
rabbits and their offspring 


Coat Heavy chain Light chain 
Colour al a3 b4 b5 
Parentalcolony 1 White “fe + 
2 Black F Ey F 
Offspring | White Ei Ez 
2 Chimaeric +. + + F 


The pattern of allotypic markers seen in the offspring has been 
consistently observed over an 8 month period. The threshold of 
detection of the 5b allotypic marker was less than 1/625 of the 
concentration in normal serum. 
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originated from work in rabbits and, in addition, the distribu- 
tion of the allotypic markers in different parts of the immuno- 
globulin molecule’ make the rabbit the ideal species to answer 
the problem. 

It is unlikely that chimaeras formed by aggregation of zona- 
free cleavage stage embryos will be successful in the rabbit as it 
has been shown that zona-free blastocysts fail to implant 
(C. E. Adams, unpublished). Chimaeric mice can be con- 
structed, however, by the injection of isolated inner cell mass 
cells or the insertion of inner cell masses into the complete 
blastocyst still surrounded by a zona pellucida®. Here we report 
the successful application of this method to the rabbit. 

Inner cell masses were dissected from 4-d-old blastocysts 
obtained from black rabbits bearing the heavy chain allotype 
a3 and the light chain allotypes b4 and b5, and individual inner 
cell masses were inserted into blastocysts, also 4 d old, 
obtained from white rabbits carrying the heavy chain allotype al 
and the light chain allotype b4. The blastocysts were allowed 
to repair during a brief incubation in culture (up to 2 h) and then 
returned to the uterus of pseudopregnant white rabbits which 
carried the al and b4 allotypes. Pseudopregnancy was induced 
4 d before the transfer of the blastocysts. 

Five blastocysts were transferred to each of two rabbits. Two 
offspring were obtained from one of these rabbits, and none 
from the other. One of the offspring was an albino rabbit, but 
the other was a chimaera with mixed coat colour (Fig. 1). 





Fig. 1 Chimaeric rabbit, 37 d old. 


Allotype analysis was carried out on the serum obtained from 
the two rabbits and the results are shown in Table 1. The albino 
rabbit contained only the al and bé allotypes but the chimaeric 
rabbit contained the al, a3, b4 and b5 allotypes. Further 
chimaeric animals with this gene combination are being pro- 
duced and we are at present collecting reagents to look for gene 
transfer in the existing chimaera. Phenotypically the chimaeric 
animal is female and has produced a litter of nine albino rabbits 
following mating with a New Zealand white buck. Ten meta- 
phases from circulating blood have proved to be XX. We hope 
animals of this type will provide an unambiguous answer to the 
problem of gene transfer in the immune response. 

We thank S. C. Barton, K. Day and B. Burgess for their help 
and the Medical Research Council and Ford Foundation for 
support. The typing antisera were a gift from Dr Kelus. 

Note added in proof: A further chimaeric rabbit has been 
obtained since this report was submitted for publication. 
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Is chiasma determination sequential? 


Most cytological studies of chiasma distribution in higher plants 
and animals are limited to qualitative statements on the pattern 
of chiasma distribution along bivalents. A few quantitative 
studies exist, however, based on detailed measurements of 
chiasma positions along the extended diplotene bivalents of 
grasshopper and locust spermatocytes'"*. These studies differ 
in certain respects but agree in concluding that chiasma forma- 
tion or at least chiasma determination (assuming that the 
determination of sites for exchange is separable from exchange 
itself*) occurs sequentially along bivalents. To this extent these 
studies largely endorse the view originally proposed by Mather*'® 
which was inferred from the property of chiasma interference 
and from observations on the frequencies of crossing over in 
different chromosome regions of Drosophila melanegaster. 

= The cumulative frequency distributions of chiasmata along 
meiotic bivalents of the locust, Schistocerca gregaria’* and of 
four species of British grasshopper”, demonstrate clearly that 


chiasmata do not occur with equal frequencies in all chromo- 


some regions. Certain regions, notably the telomeric, distal, 
ends of both metacentric and telocentric bivalents form 
chiasmata much more frequently than expected if chiasma 
distribution were uniform. This distinct peak of distally located 
chiasmata in all the species included in the studies quoted above 
has been widely interpreted as evidence that chiasma determina- 
tion follows a sequential pattern starting at the telomere and 
extending to other bivalent regions. There is also a distinct 
tendency, especially in Schistocerca gregaria’, for bivalents 
which form only one chiasma (monochiasmate bivalents) to 
have that chiasma localised distally. This tendency has also been 
held to demonstrate a sequence in chiasma determination since, 
for example, it is reasoned that the first-formed chiasma is the 
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Fig. 1 The relationship of between-bivalent chiasma frequency 
variation (between-bivalent mean square) and chiasma positional 
distribution along bivalents (proportion of non-distal chiasmata) 
for a range of rye genotypes (from Jone#), The between-bivalent 
mean square can be regarded as a rough measure of the strength of 
chiasma interference” and the proportion of nondistal chiasmata 
_ isa measure of the degree of chiasma localisation. These variables 
-are clearly correlated (r = 0.9; P < 0.001) thus indicating that 
r hese diverse aspects of chiasma variation are controlled jointly. 





- that this correlated response is general and widespread (Fig. 









































least likely to be lost when chiasma frequency is reduce 
is also an implicit suggestion, based on this observati 
nonindependence between chiasmata formed at the telo 
and those formed elsewhere, such that chiasma format 
nontelomeric regions is conditional upon previous telor 
chiasma formation—-which again implies a sequence. _ 
A critical examination of these claims shows that the c 
a sequential mechanism of chiasma determination i is not prove 
The frequency peaks of chiasmata in certain chromoso 
regions, notably at the telomeres, merely denote that these 
regions enjoy a high probability of chiasma formation and this 
evidence does not necessarily imply that these chiasmata are the 
first formed. Likewise, the strict distal localisation of chiasmata 
in monochiasmate bivalents need not imply a sequenc origina- 
ting at the telomere. Indeed, the argument that nontelomeric 
chiasmata are conditional upon previous telomeric chiasma 
formation can be shown to contain a logical fallacy. The- 
spurious impression of dependence is caused by the almos 
invariable occurrence of one chiasma in the telomeric re 
Observations on the frequency distribution of ch 
along the bivalents of grasshoppers and. Jocusts there 
possible, but do not require, a sequential mecha Y 
determination. Other models of chiasma determinat 
cluding nonsequential models, are not excluded by this 
and are equally valid if the evidence is taken at its face valu 
An inherent feature of all sequential models of chiasm: 
control is the necessary assumption that the control of the 
chiasma formed first differs fundamentally from the control of. 
subsequent chiasmata. The principal controlling factor identifies 
in these sequential models is chiasma interference but | it is- 
evident that this can only influence the position of thẹ secon 
and any subsequent chiasmata, and it follows that the posit i 
of the chiasma formed first must be determined by a quit 
separate control, although the actual mechanism of ex: 
initiation may be the same for the first chiasma as for subse 
quent chiasmata. The chiasma properties of a recently describ 
meiotic mutant of rye raise some doubts concerning. 
distinction. between various categories of chiasmata. Thi 
mutant genotype was isolated among the segregants fror 
interspecific cross’’*, and is defective in the control of chic 
distribution®. Wild-type rye is characterised by pronou 
distal chiasma localisation, so that bivalent arms forn 
single chiasma normaily have that chiasma localised inad ‘al 
telomeric, position. Additional chiasmata, when. they -ox 
necessarily form in more interstitial locations. Accordin 
sequential models of chiasma determination, the distal chiasm: 
should be regarded as the first formed and as such und 
separate control from other, interstitial, chiasmata w 
positions should be governed by chiasma interference. _ 
In the distributional mutant of rye, all chiasmata are distri 
buted in an apparently uncontrolled manner. Frequent instances _ 
of interstitial and even proximal chiasmata occur even in mono- — 
chiasmate bivalents*, indicating a breakdown of localisation —_ 
and a more random distribution pattern along bivalents than is — 
found in wild-type rye. In addition, chiasma interference seems —_/ 
to be greatly reduced in intensity, or even absent, in thismutant® —— 
(as judged from the Poissonian nature of the between-bivalent ao 
frequency distribution of chiasmata™). These findings indicate > 
that a single control apparently governs the positions of all 
chiasmata and therefore determines both chiasma interference 
and chiasma localisation in rye, otherwise one might expect.a 
differential response of these two factors to a change in the 
controlling mechanism. An extension of this comparison to 
include a large collection of diverse rye genotypes’ indicates . 
























Furthermore, there is evidence of similar correlated effect 
certain meiotic mutants of Drosophila melanogaster which 
both increased coincidence values (that is, reduced interfe | 
and also nonuniform reductions in crossover frequencies along ae 
chromosomes (that is, reduced localisation)". 

There is considerable evidence, therefore, for a Singke genetic 
control which governs the positions of all the chiasmata formed 
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in a bivalent, irrespective of their relative positions. The dis- 
tinction between the chiasmata formed first and subsequent 
chiasmata, indicated by sequential models of chiasma deter- 
mination, is difficult to reconcile with this conclusion. Proponents 
of sequential models could still argue that separate position- 
determining controls for the first and subsequent chiasmata 
have a factor in common, but as yet there is no evidence (for 
example, from the analysis of mutants) for the existence of 
unique factors associated with these hypothetical separate 
controls. Models based on nonsequential determination of all 
chiasmata are therefore at least as acceptable on present 
evidence and merely require that chiasma interference and other 
factors such as chiasma localisation be regarded as manifesta- 
tions or consequences of control rather than control mechanisms 
in their own right. 

G. H. JONES 
Department of Genetics, 
University of Birmingham, 
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Decreased antibody 
formation in mice exposed to lead 


SEVERAL environmental contaminants have been demonstrated 
to be synergistic to infectious agents. Polychlorinated biphenyls’, 
arsenicals?, cobalt sulphate? and sulphur dioxide’ increased 
the mortality of animals infected with viral agents. Lead nitrate 
enhanced the mortality of mice to Salmonella typhimurium’. 
Some of these compounds are apparently immunosuppressive 
as circulating antibody titres to infectious agents from animals 
exposed to lead, cadmium, mercury®, DDT (ref. 7) and 
polychlorinated biphenyls* were significantly lower than those 
from the control animals. This study was undertaken to 
determine if the decreased circulating antibody in animals 
that were exposed to lead was a result of a decrease in the 
number of cells producing antibody. 

Swiss Webster mice 28 d old were given lead orally (1,375, 
137.5 or 13.75 p.p.m.) as lead acetate in deionised water for 
56 d. The controls were given deionised water. There were 120 
mice in each group. The diet fed to all the mice was contamin- 
ated with 1.12 p.p.m. lead’. 

After 56 d, all the mice were inoculated intraperitoneally 
with 0.2 ml. of a 2% suspension of sheep red blood cells 
(SRBC). Ten mice in each group were killed on days 3-7 to 
measure primary immune response (19S or IgM antibody) 
and on days 8-14 for the secondary response (7S or IgG 
antibody) after a second inoculation of SRBC on day 7. An 
additional group of mice were inoculated with SRBC while 
they remained on 137.5 p.p.m. lead. The spleen from each 
mouse was immediately removed, cut into pieces, and forced 
through a nylon mesh into sterile medium 199. The spleen cell 
suspension was counted in a haemocytometer by the trypan 
blue exclusion method and diluted to 1 x 107 spleen cells 
ml. The number of plaque forming cells (PFC) was measured 
according to a modification of Cunningham and Szenberg”. 
Three pieces of double-sided tape 4 inch wide were laid across 
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a clean microscope slide (75 x 25 mm) dividing it into two 
equal areas. Two clean coverslips (22 mm square) were placed 
on the tape such that two edges of each coverslip were firmly 
attached to the tape and formed two shallow chambers. A 
mixture containing 88° spleen cells (1 x 10%), 2% SRBC, 
5°“ complement and 5% medium 199 was delivered by a 
syringe into the two chambers. These were sealed with vaseline 
and incubated at room temperature for 2 h. The plaques were 
counted using a light microscope. The number of plaques per 
million spleen cells was calculated from the number of plaques 
observed per pl of the initial mixture used. 

The same procedure was used to assay the secondary response 
(animals killed on days 8-14). Medium 199 was replaced in the 
mixture by developing antiserum (Microbiological Associates, 
Bethesda, Maryland No. 52-122). The number of plaques per 
million spleen cells was corrected by determining the sensitivity 
of the developing antiserum and by determining the number of 
plaques that occurred in spleen suspensions from non-antigen 
(SRBC) stimulated mice. l 

The mice were bled every 2 weeks to observe the erythrocytes 
for basophilic stippling and to determine packed cell volume. 
Serum was collected before death for haemolysin titration. 
One kidney was collected at necropsy and stored at —70° C for 
lead analysis. The other kidney was fixed in 10% buffered 
formalin for microscopic examination. 

There was a reduction in the number of spleen cells pro- 
ducing 19S antibody in each dose of lead exposed mice (Fig. 1) 
but the decrease was most remarkable in the mice that received 
1,375 p.p.m. lead. The peak response was on day 5 for all 
groups of mice but those given 13.75 and 1,375 p.p.m. lead also 
had a lag in their response as only a few plaques developed on 
day 4. The secondary immune response was markedly affected 
in all of the lead exposed animals. Even those mice that received 
the lowest lead dose (13.75 p.p.m.) had a significant decrease in 
the number of 7S plaque-forming cells. The control mice had 
500 plaque-forming spleen cells on day 2 and the mice with 
13.75 p.p.m. lead had 158 plaques per million spleen cells 
(Fig. 2). Furthermore, the mice on 137.5 and 1,375 p.p.m. lead 
had a lower response and a delay of 1 d in their peak response. 
They also remained much lower throughout the 7 d test period 
than did the controls. The mice that remained on 137.5 p.p.m. 


500 


Plaques per million spleen cells 





Time after inoculation (d) 


Fig. 1 Primary immune response. The largest lead dose 
(1,375 p.p.m.) administered to the mice resulted in a five-fold 
decrease in antibody forming cells as compared to the controls. 
A 1 d lag in the antibofly response occurred in two lead groups 
(13.75 and 1,375 p.p.m.). There was a highly significant difference 
in the means at days 3, 4 and 5 as determined by the analysis 
of variance. , Control: ---, 13.75 p.p.m, Pb; —-—, 
137.8 pp POS sisiran , 137.5 Pb (continuous); ; 
1,375 p.p.m. Pb. 
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Jead throughout. the study had fewer plaques, particularly 
IgG, than did those in which lead was discontinued at the time 
of inoculation of antigen (Figs 1 and 2). 
- All of the 1 hat received 1,375 p.p.m. lead exhibited 
basophilic stippl z of the erythrocytes at 2 weeks of exposure. 
Basophilic: stippling occurred i in some of the mice that received 
137. Sand 13.75 p.p.m. lead at 4 weeks and in all of those mice 
vat 8 weeks, A few of the control mice had basophilic stippling 
at 6 and 8 weeks as the diet contained 1.12 p.p.m. lead. The 
| packed cell volume was not significantly different for the 
“various groups throughout the experiment. 
_ As the sera collected at the time of death were haemolysed 
from the lead the mice received, the haemolysin titrations were 
quite variable and were considered inaccurate for comparing 
the circulating antibody titres with the number of plaque- 
forming cells. 










Plaques per million spleen cells 





Time after inoculation (d) 


Fig. 2 Secondary immune response. Day | represents that day 
after the second inoculation of the antigen (SRBC), or actually 
day 8 of the experiment. All lead exposed mice had a highly 
significant decrease in antibody forming cells as compared to the 
controls. The two larger doses of lead (13.75 and 1,375 p.p.m.) 
produced a delay of | d in their peak response. The antibody 
production was the lowest in those mice that were on lead 
continuously until death. There was a significant difference in 
the means at Sie! 3 and 4 and a highly significant difference at 





days 1, 2 and 7 as determined by the analysis of variance. 
, Control; ---, 1275 p.p.m. Pb; — - — , 137.5 p.p.m. 
PO ee , 1,375 p.p.m. 





, 137.5 p.p.m, Pb (continuous); 
Pb. 


Histopathology disclosed a marked necrosis of the tubular 
epithelial cells in the renal cortex, especially near the cortical 
medullary junction, of the mice that were exposed to 1,375 p.p.m. 
lead. Many intranuclear inclusion bodies (stained with haema- 
toxylin and eosin (H & E) were in the renal epithelial cells of 
these mice for the 14 d period. The renal necrosis was not as 
extensive and there were fewer intranuclear inclusions in the 
mice that received 137.5 p.p.m. lead. Also, at day 14, the renal 
necrosis was not as severe and only an occasional inclusion 
could be found. There was moderate necrosis of the renal 
epithelial cells and an occasional intranuclear inclusion until 
day 5 in the mice that had been given 13.75 p.p.m. lead. From 
days 6-9, a narrow zone of mild degeneration and necrosis of 
the epithelial cells was in the cortex adjacent to the cortical 
medullary junction. Intranuclear inchesions were not observed 
“by H & E stain. From days 10-14, the kidneys appeared to be 
normal and did not differ from the control kidneys. The 
_ Ziehl-Neelsen stain was used to confirm the acid-fast inclusion 
` body that contained lead. 








































Table 1 Renal concentration of lead from mice that v were 
lead for 56 days in the drinking water. The kidneys were 
3 and 14 days after lead was removed from the water. 


Drinking Water 

p.p.m. lead 
1,375 16.4 + 1.97 
137.5 9.3 + 0.62 
13.75 1.0 + 0.13 

No lead (control) 0.6 + 0,09 





*Wet weight 


The kidneys were analysed for lead content © 
absorption spectrophotometry using a micro-carb 
The renal concentrations of lead at 3 and 14 d afte 
are listed in Table 1. 

It has been shown" that lead acetate impai T 
phagocytic activity in rats but does not alter the prim: 
secondary immune response. More recently, howev 
acetate markedly reduced the serum antibody titre o 
rabies virus in rabbits®. In the present study, lead ace ‘a 
ly decreased the number of cells forming antibod: 
suggesting that the decrease in circulating antibody 
decrease in antibody formation. Other environr 
taminants such as polychlorinated biphenyls®, 
mercury®, DDT (ref. 7), and sulphur dioxide’? have 
resulted in reduction of circulating antibody in animals... 

Mice given sulphur dioxide for 135 d had an enhancer ne 
of antibody production but at 192 d the response. was | 
pression of antibody?*. It was suggested that high concen 
of sulphur dioxide served as an adjuvant. Lead, hov 
immunosuppressive and the larger amount accu 
results in a smaller quantity of antibody synthesised. Tt 
of animals that continued to receive lead until kille 
very slight IgG antibody response and would be 
susceptible to infectious agents. 

The smallest dose in this study was 13.75 p.p.m. lead 
drinking water, so the mice were ingesting about. 0.06! 
lead d`. As approximately 10% of ingested lead is al 
each mouse was actually receiving about 0.0069 mg 
into its system each day. A significant decrease’ in 
forming cells, particularly 7S, occurred at this dose. ` 1€ 
human normally ingests 0.3 mg of lead d? and 2 
can produce toxicity™. 

The intranuclear inclusion bodies in the anes are 
posed of lead and protein. They are an acute manifestat 
lead poisoning and can occur as early as 24 h after z i 
intraperitoneal injection™®. In the present study, m 
received 13.75 p.p.m. lead had intranuclear inclusions 
5 d after removal from lead, but they were not identified 
thereafter by H & E staining. Also, the cellular degeneration nd ie 
necrosis in the renal cortex from this group of mice was. not as : 
severe at day 6 and could not be recognised by day 11; ; indicating _ n 
that there was apparently rapid removal of lead from ‘the! kidney 
after discontinuing administration of lead as well. as regenera- 
tion of the damaged tubular epithelium. | 

We have shown that chronic exposure to lead pre Saw 
significant decrease in antibody synthesis, particularly’ IgG. ee 
indicating that the memory cell is involved. These results also 
indicate that the reduced antibody synthesis is responsible for 
the increased mortality from bacterial and viral diseases in 
animals that are chronically exposed to lead. TES 
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Dissociation between effects of nerve growth 
factor on tyrosine hydrolase and tubulin 
synthesis in sympathetic ganglia 


TREATMENT of neonatal animals with nerve growth factor 
(NGF) promotes general growth and differentiation of the 
peripheral sympathetic nervous system. NGF markedly in- 
creases the outgrowth of axons and at the same time 
causes the appearance of many microtubules in electron- 
microscopic pictures. Moreover, as a manifestation of 
enhanced differentiation NGF produces a selective induc- 
tion of tyrosine hydroxylase (TH) and dopamine B-hydroxy- 
lase in sympathetic ganglia?. These two enzymes catalyse 
key steps in the biosynthesis of noradrenaline and are 
located selectively in adrenergic neurones’. In contrast, the 
third enzyme involved in the synthesis of noradrenaline, 
dopa decarboxylase (DDC), has a more general distribution 
and is not specifically regulated by NGF’. 

It is not clear whether the promotion of axon outgrowth 
and the accompanying increased formation of neurotubules 
results from specific induction of subunit synthesis’ or from 
regulation of the assembly of subunits. The purpose of this 
study was to resolve this question by examining simultan- 
eously the effect of NGF on tubulin subunit content and 
TH activity. 

NGF was prepared as the 2.5S subunit‘ from mouse 
submaxillary gland. A single subcutaneous injection (10 mg 
per kg body weight) was administered to 5-d-old rats weigh- 
ing 20-25 g. At appropriate times the animals were killed 
by a blow on the head and the superior cervical ganglia 
were removed under a binocular dissecting microscope. For 
determination of enzyme activity and protein content one 
pair of ganglia were homogenised in 0.5 ml 0.005 M Tris 
buffer containing 0.1% Triton in a power-driven glass 
homogeniser. The homogenates were centrifuged for 20 
min at 10,000g at 4° C. Proteins’, TH® and DDC’ were 
assayed: both TH and DDC assays were modified as des- 
cribed by Oesch et al.*. To determine tubulin subunit con- 
tent 4-7 pairs of ganglia were homogenised in 0.5 mi of 
0.05 M Na-pyrophosphate, 0.2 M NaCl, 1 M sucrose, pH 7 
and supernatants were prepared as above. The presence 
of 1 M sucrose does not affect the absolute value of the 
colchicine binding activity in the extracts, but does in- 
crease the half life of that activity to approximately 220 h 
(ref. 9), 

Figure 1a shows the time course of the changes in TH 
activity and protein content per pair of ganglia after a single 
injection of 10 mg per kg of NGF. A statistically significant 
(P < 0.05) increase in TH activity compared with untreated 
controls was detectable as early as 12 h after injection. The 
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maximum increase (350% of control) was reached at 48 h. 
Thereafter, the activity decayed gradually to 130% at 120 h. 
In contrast, a statistically significant (P < 0.05) increase 
of the protein content was not reached before 48 h and 
amounted to only 20%. The induction of TH was com- 
pletely abolished if the animals were injected sub- 
cutaneously with 1.6 mg per kg of actinomycin D, 3 h 
before administration of NGF, and were killed 24 h later. 

In contrast to the activity of TH, that of DDC changed 
virtually in parallel with the protein levels. The same is 
true for tubulin which did not change its specific activity 
over the whole period of 120 h (Fig. 15). 

In a further series of experiments the animals were in- 
jected daily with 10 mg per kg of NGF given subcuta- 
neously for 5 consecutive days and were killed 24 h after 
the last dose. Under these experimental conditions the total 
activity of TH increased to 750% of controls, the specific 
activity to 375%. The corresponding values for tubulin 
were 275 and 140% respectively (Fig. 2). 


200 


Total activity 


100 


"of controls 





300 
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Fig. 1 Effect of a single dose of NGF on the levels of 
d, o-——— -~ tyrosine hydroxylase (TH), ----, protein; b, 
can , tyrosine hydroxylase, —— :-—', dopa decarboxylase 
(DDC), ----, tubulin in the rat superior cervical ganglia. 


The animals were injected subcutaneously with 10 mg kg 
of NGF 5 d after birth. TH activity and protein were 
determined in the supernatant after homogenising the 
ganglia in 0.005 M Tris-0.1% Triton X-100 and centrifuging 
the homogenate for 20 min at 10,000g. For the determination 
of TH activity the substrate (L-tyrosine) concentration 
amounted to 15 uM, that of the cofactor (6, 7-dimethyl-5, 
6. 7, 8-tetrahydropteridine) to 720 uM. For the determina- 
tion of DDC the substrate (L“H-dopa) concentration was 
1 mM. that of the cofactor (pyridoxal-5’-phosphate) was 
0.24 mM and that of tranylcypromine was 1.2 mM. At the 
time of injection activity of TH was 0.3040+0.019 nM dopa 
formed per h per pair of ganglia; that of DDC was 
86.34+6.04 nM dopamine formed per h per pair of ganglia. 
Tubulin was determined after incubation of the 10,000g 
supernatant with 8.3 *10-° M colchicine (2 Ci mmol~*) for 
90 min at 37° C by the filter assay of Borisy’®. The specific 
activity of the tubulin in treated ganglia 48 h after injection 
was 3.6x 107° d.p.m. bound per mg of protein. The values 
given represent the mean + s.e.m. of six or seven animals 
per group, 
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°.’ above controls 
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Fig. 2 Effect of repeated administration of NGF on level 
of TH and tubulin in the superior cervical ganglion. NGF 
was given subcutaneously on 5 consecutive days starting on 
the fifth day after birth. The ganglia were dissected 24 h 
after the last injection and treated as described in text. In 
the control animals the TH activity was 0.233+0.007 nM 
dopa formed per h per pair of ganglia, the protein content 
was 14.8 £5.9 ug per pair of ganglia, and the tubulin content 
was 5.52 x 10** d.p.m. bound colchicine per pair of ganglia. 
The values given represent the means + sem. of six or 
seven animals per group. Shaded column, total activity: 
unshaded column, specific activity. 


This study has shown that the effect of NGF on TH 
synthesis is quantitatively distinct after both single and 
multiple injections from the effect on tubulin synthesis, 
The dissociation of the appearance of increased numbers 
of neurotubules in electron microscopic pictures from any 
specifie increase in the subunit content of the cells is con- 
sistent with the interpretation that NGF influences the 
assembly of preformed neurotubular subunits rather than 
enhancing their synthesis. This agrees with findings in 
other systems that outgrowth of cellular processes accom- 
panied by the formation of microtubules does not require 
protein synthesis''~". Moreover, the induction of process 
formation in neuroblastoma cells by a glial-conditioned 
medium® does not increase the tubulin content of the cells 
(F. S. and D. Monard, manuscript in preparation). 
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Reduced axoplasmic transport of choline 4 
acetyltransferase activity in dystrophic mice 


MUSCULAR dystrophy has been regarded as a “primary de- 
generative myopathy”! ) 
both human muscular dystrophy and animal models of muscular 
dystrophy that the muscle disease may have a neural basis?. 
The mechanism of the suspected neural disorder remains to be _ 
elucidated. Since there is independent evidence that in normal — 
animals the trophic effect of nerve on muscle depends on intact _ 
axoplasmic transport’, we have initiated a study of axoplasmic — 
transport in dystrophic mice. We have found a disturbance of © 
axoplasmic transport of choline acetyltransferase activity in 
dystrophic mice. 7 

Choline acetyltransferase (CAT) is the enzyme that catalyses 
the synthesis of the neurotransmitter acetylcholine’. In neural — 
tissue, CAT is probably confined to cholinergic neurones®. — 
it is likely that CAT, like other neural proteins, is synthesised in — 
the nerve cell body and transported peripherally in the axoplasm | 
to the nerve terminal®’. If a peripheral nerve is crushed by a 
ligature, CAT activity slowly increases on the proximal side of | 
the constriction®. From the rate of accumulation of CAT _ 
activity, one can estimate the average velocity of proximo-distal. - 
axoplasmic transport of CAT*"'. Here we present a study that — 
shows a significant reduction in the average velocity of axo- — 


plasmic transport of CAT activity and a significant increase in ce 


the CAT activity in sciatic nerves of mice afflicted with an 


autosomal recessive form of muscular dystrophy!*. These 


findings may reflect a fundamental abnormality of axoplasmic 
transport of cholinergic neurones in dystrophic mice. | 
Male 129/ReJ dystrophic mice (dys/dys) with normal litter- 
mates (--/?), and normal retired breeders of known genotypes, 
(+/+) and (--/dys), were obtained from Jackson Memorial 
Laboratory, Bar Harbor, Maine, A ligature was placed on the 
right sciatic nerve, at mid-thigh leveP*. Animals were killed at 
various times following ligation and both sciatic nerves excised. 
One | cm length was cut from the middle of the non-ligated 
sciatic nerve. The 9 mm length of nerve immediately proximal 
to the ligature was divided into three 3 mm segments. The heat- 
labile CAT activity of the 8000g x 10 min supernatant fraction 
of homogenised nerve segments was assayed with a simultaneous 
determination of the recovery of added purified mouse brain 
CAT activity. One unit of enzyme activity represents the produc- 
tion of 1 pmol of acetylcholine (Ach) from choline and “C- 
acetyl coenzyme A per 3 mm length of nerve per min. We 
defined the accumulation of CAT activity as the increase in 
CAT activity within the 3-mm segment immediately proximal 
to the ligature. The initial CAT activity of the ligated nerve was 
estimated from the CAT activity of the non-ligated sciatic nerve. 
Values are presented as the mean -+ s.e.m. The statistical 
significance of values was determined by the Student ¢ test. 






. But there is evidence from studies of 
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= Fig. 1 Accumulation of CAT activity in sciatic nerves of 
- 6 to 7-week-old dystrophic mice (©) and normal littermates (@) 
at various times after unilateral sciatic nerve ligations. The 
~ number of littermate pairs (7), and the statistical significance (P) 
_of the difference (A = mean + s.e.m.) between the accumulation 
of CAT activity of the littermate pairs are indicated at each 
time of killing. Nerve segments were homogenised (1 mm per 
100 pl) in all glass Duall tissue grinders with 0.2 M Tris-HC! 
(pH 8.5), 0.5 M KCI, | mM EDTA, | mg ml? bovine serum 
albumin (BSA) and 1% butanol-1 (v/v); the homogenates were 
centrifuged at 8,000g for 10 min. CAT activity was assayed in a 
20 pl reaction mixture with a final concentration of 100 uM 
4C-acetyl-coenzyme A (specific activity 53 mCi mmol~', New 

- c: England Nuclear., Boston, Mass.), 15 mM choline iodide, 
-0.1M Tris-HCI (pH 8.5), 0.5 M KCi, | mM EDTA, 0.1 mM 
` eserine sulphate, 0.5 mg ml~? BSA, 0.5% butanol-1 (v/v) and 
-the 8,000g supernatant fraction of 0.083 mm of nerve. The 
: CAT activity reaction mixture was incubated 6 min at 38° C, 
the reaction was stopped with 10,1 of 2 N formic acid, and the 
product was extracted into octanone and measured as described 
by Glover and Green**, Occasionally in parallel experiments, 
the CAT reaction product from non-ligated and ligated nerve 
samples was further characterised by high voltage electro- 
phoresis. There was quantitative agreement between the 

_ radioactivity that migrated with the Ry of acetylcholine and the 
` radioactivity extracted into octanone. In the case of both 
dystrophic and normal mice (1) omission from the homogeni- 





a gation solution of the KCI resulted in the failure to retain 80% 
= . of the homogenate CAT activity in the 8,0002 supernatant 
- _ fraction; (2) incubation at pH 7.0 instead of 8.5 resulted in 


30% less CAT activity, and (3) omission from both the homo- 
-genisation and incubation mixture of the EDTA, BSA, or 
butanol-1 resulted in 80°, 35%, and 10°% less CAT activity, 
oe the ae respectively. 


In both the dystrophic mice and their normal littermates, CAT 
activity accumulated as a linear function of time for at least 3 
d after unilateral ligation of sciatic nerves (Fig. 1). But the 
accumulation of CAT activity in dystrophic mice was only 
48 +. 5% of that in normal littermates whose nerves had been 
ligated for the same period of time (7 = 40, P <0.001). The 
- relative accumulation of CAT activity was computed from (1) 

_ the accumulation of CAT activity in the ligated sciatic nerve of 
-the dystrophic mouse as a percentage of (2) the accumulation 







Table 1 Recovery of added purified CAT activity from 8,000g supernatant fraction of sciatic nerve segments 
Non-ligated 
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in the normal littermate, for the 40 pairs after time zero in Fig. 1. 

The accumulation of CAT activity also may be described by 
equations fitted by the method of least squares to the data in 
Fig. I: ye = 122f, + 10 (n = 46, r = 0.93, P<0.001) and 
ya = 68ra — 6 (n = 46, r = 0.77, P <0.001) for control and 
dystrophic mice, respectively, where y represents units of CAT 
activity, and ¢ represents time in days. The average velocity of 
transport of CAT activity was computed from the time it took 
to increase the CAT activity in the ligated nerve by an amount 
equal to the initial CAT activity. Solution of the equations for 
Ye = 202 units and ya = 231 units (see below) yielded ¢, = 1L.6d 
and fy = 3.5 d. Thus the average velocity of proximo-distal 


activity in the sciatic nerves of dystrophic mice and normal 
littermates was not due to a difference in the spatial distribution 
of accumulated CAT activity. For at least 3 d after ligation, the 
accumulation of CAT activity was confined to the 3mm segment 
proximal to the ligature in both dystrophic and normal mice 


genisation solutions used for measurement of protein content. 
The CAT activity was 19% greater in the nerves of the dystro- 
phic mice (250 + 9 compared with 210 +- 15 units, A = 40 + 
13, n = 8, P < 0.02), and the soluble protein was 18% greater 
in the nerves of the dystrophic mice (53 + 2 compared with 
45 + 3 gcm”, A = 8 4 2,n = 8,P < 0.01). 

The differences in initial CAT activity and in the accumulation 
of CAT activity were not due to differences in the content of 
endogenous activators or inhibitors of CAT activity. In every 
case, the recovery of purified mous@ brain CAT activity added 
to the 8,000g supernatant fraction of corresponding nerve 
segments was the same for dystrophic mice and their controls. 
Table 1 shows the recoveries of added CAT activity from samples 
of nerve segments 3 d after unilateral sciatic nerve ligation. 

Table 2 presents the results of several experiments with diffe- 
rent ages and genotypes of 129/ReJ mice. In the sciatic nerves of 
9 to 12-month-old normal retired breeder 129/ReJ mice, neither 
CAT activity nor accumulation of CAT activity differed be- 
tween the genotypes (+/dys) and (+/+). Therefore, normal 
mice (+/2) probably constitute a reasonable control popu- 
lation for the study of dystrophic mice (dys/dys). As controls for 
this study, we chose normal mice which were also matched for 





Ligated nerve 


Group* nerve (mm Prone to ligature)t 

6 
Dystrophic mice 120 + 8%t 107 + 6% 115 + 10% 98 + 15% 
Norma! littermates 117 + 11% 112 + 15% ® 106 + 10% 103 + 11% 









* The ten pairs of dystrophic mice and normal littermates killed 3 days after unilateral ligation of the sciatic nerve included in Fig. 1. 
+ The number refers to the distance between the ligature and the 3-mm segments of nerves (see Fig. 2). | 
t The recovery of added CAT activity was calculated as a percentage of the purified CAT activity added. CAT activity was purified 99-foid 


(final specific activity 0.13 pmol Ach min~ mg ~’) from brains of 6 to 7-week-old C57 BL/10J mice from Jackson Memorial Laboratory, . 
Bar Harbor, Maine?” 
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Table 2 Initial CAT activity and accumulation of CAT activity | d after unilateral ligation of sciatic nerves in various groups 





Group Phenotype Genotype 

Eight 3 to 4-week-old littermate pairs normal A2 
dystrophic dys/dys 

Ten 6 to 7-week-old littermate pairs normal “+f? 
dystrophic dys/dys 

Eight age-matched (9 to 12-month-old) normal + f+ 
pairs of retired breeders normal -+ /dys 





age (littermates). Table 2 shows that the increase in CAT activity 
and the reduction in the accumulation of CAT activity were 
evident in 6 to 7-week-old dystrophic mice whether one uses 
normal controls matched for age (littermates) or normal con- 
trols matched for body weight (3 to 4-week-old normal mice). 

The neuronal mechanisms which are responsible for the in- 
crease in CAT activity and the reduced rate of accumulation of 
CAT activity in sciatic nerves of dystrophic mice remain to be 
elucidated. The reduced accumulation of CAT activity probably 
reflects a decrease in the amount of CAT activity that moves 
down the nerve axon towards the nerve terminal each day. 
This interpretation is compatible with the recent auto- 
radiographic evidence that there is a reduction in the amount of 
protein slowly transported down nerves of dystrophic mice’? 
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Fig. 2 Effect of unilateral ligation ən sciatic nerve CAT 
activity in a, normal and b, dystrophic mice. Each value is the 
mean + s.e.m. CAT activity of nerve segments from the same 
ten pairs of dystrophic mice and normal littermates killed 
3 d after unilateral pesnen ck a sciatic nerves included in 
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Weight (pmol Ach per min per 3-mm length 
(g) of nerve) 
Initial Accumulation 
9.7 + 0.7 168 <- 10 204 +- 19 
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Significantly different from their normal littermates with *P <0.02, *P <0.01, or: tP <0.001. 
§ Not significantly different (P >0.5) from the age-matched controls, 


The reduced rate of accumulation of CAT activity in nerves of. fe 
dystrophic mice could be explained by (1) a decrease in. the 
number of cholinergic fibres in the nerves'*-!5; (2) a decrease in 

the amount of CAT available for transport from nerve. cell ae 
bodies; (3) a decrease in the velocity or in the fraction of CAT = 
transported down nerve axons. But of these alternatives, only | a 
the latter one, by itself, can also explain the increase in initia 
CAT activity we observed in nerves of dystrophic mice. Se 

Other abnormalities of peripheral nerves in dystrophic mice 
have been reported. Nerves of dystrophic mice have areas of 
abnormal myelination!, there are differences between the ge 
electrophoresis patterns of proteins from nerves of dystropt 
and control mice®*, and the nerves from dystrophic mice are less 
able than nerves from controls to support muscle regenera: 
tion®>*, Our finding of reduced axoplasmic transport of CAT 
activity in dystrophic mice may be indicative of a primary 
neuronal abnormality. It is possible, however, that our results 
reflect a disturbance of neuronal function that is esconeaty to 
muscle disease. 

With regard to the latter alternative, our observation. of early : 
changes in CAT activity and its transport suggests that these - 
changes are at least not late consequences of the muscle disease - 
(Table 2). Also, the loss of muscle cells that accompanies. 
murine dystrophy seems an unlikely cause of the increased CAT 
in nerves of dystrophic mice because there is evidence that the- 
absence of contact of muscle cells with neurones results in lower — 
CAT activity of the neurones?*:**, It is also unlikely that the 
loss of muscle cells is the cause of reduced axoplasmic transport 
of CAT activity since we have recently shown that section of the 
Sciatic nerve in normal mice does not reduce the rate of axoplas- _ 
mic transport of CAT activity proximal to the sectioned end 
(unpublished results). | 

The CAT activity of dystrophic muscle has been shown to be 
reduced compared with normal muscle, The reduction in- 
dystrophic muscle CAT activity may be related to the reduction 
in axoplasmic transport of CAT activity documented here. 
Whether reduced axoplasmic transport of CAT activity is 
actually involved in the pathogenesis of the muscle abnormalities 
in murine muscular dystrophy remains to be determined. The 
neural abnormalities in dystrophic mice may be independent of 
the muscle disease. But as previously mentioned, there is 
evidence that the trophic effect of nerve on muscle depends on 
intact axoplasmic transport*. Therefore, it is possible that the 
muscle disease in dystrophic mice may be related to a distur- 
bance of the axoplasmic transport of motor (cholinergic) 
neurones, 

We thank Dr Richard Weinshilboum, Department of Pharma- 
cology, Mayo Clinic, for his guidance in the adaptation of the 
CAT activity assay, and Drs Andrew Engel and Peter Dyck of 
the Department of Neurology, Mayo Clinic, for discussions of 
the pathology of muscle and nerve, respectively, in murine 
muscular dystrophy. This study was supported in part by 
research grants from the National Institutes of Health, Public 
Health Service. 
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Haemocyanin synthesis and 
the branchial gland of Octopus 


= Muca is known about the biochemistry of haemocyanin’ 
< but little about how or where it is made. It has recently 
been suggested? on morphological grounds that in cephalo- 
pod. molluscs it is synthesised in the paired branchial 
glands. Here we present the first experimental evidence 
to support this hypothesis and throw doubt on earlier 
theories that these organs are endocrine*~". 
The gland cannot be an analogue of the adrenal medulla 
. or cortex®®. It seems to be without nerves?” and pharma- 
cological and fluorescence tests for monoamines are nega- 
tive; it contains no lipids? or steroids? and the well- 
developed endoplasmic reticulum (ER) is not smooth’. 
Although transient cardiostimulation can be produced by 
 -erude extracts, this effect is not dose-dependent or specific 
to the gland, is much less that that of 5-HT and is not 
~ sustained as are the responses to extracts of the vena 
= cava™, Furthermore, transplants are not effective in pre- 
- venting death after bilateral extirpation of the glands. 
_ The most remarkable features of the Octopus branchial 
gland are the extraordinary development of rough-surface 
ER and the presence of vacuoles within the cell containing 
granules that look like haemocyanin’. These findings have 
<o been independently confirmed and extended to a squid”. 
= Martin and Muzii (unpublished observations) have also 





d.p.m.'mg protein 





observed large intracellular inclusions of what appear to be 


macromolecules in crystalline array. These were of two sizes, 
one of which agreed with Fernandez-Moran’s estimate’® 
for the cephalopod haemocyanin molecule. 

It has also been shown” that large amounts of labelled 
leucine injected into the blood disappear rapidly and are 
taken up by the branchial glands. If the glands are haema- 
topoietic they should take up amino acids and the rate of 
uptake should be severely reduced after the elmination of 
the glands. We set out to establish this in our first experi- 
ments. 

To impair the function of the glands, we applied slivers 
of dry ice directly to their surface and froze them. Sub- 
sequent examination under the light microscope and EM 
revealed extensive necrosis and we estimated that less 
than 10% of the total gland mass remained functional after 
freezing. This method was adopted because previous experi- 
ments had shown that complete, simultaneous, bilateral 
excision is generally fatal. 
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Fig. 1 In viyo L ~*C-leucine incorporation into the haemolymph 

proteins of Octopus vulgaris. Experimental animals, W, (a, 3 

230 g; b, 2 165 g; c, 5 160 g; d, £ 620 g;) had their branchial 

glands frozen. Control animals, @, (e, ¥ 155 g; J, ¥ 180 g; g, 

4 170 g) were anaesthetised only. Counts were corrected for 
background. 


Healthy Octopus vulgaris were anaesthetised with 3% 
urethane, the mantle septum was cut and the mantle 
reversed to expose the visceral mass. Control operations 
(n==3) stopped at this point but the experimental group 
(n=4) had dry ice applied to the glands. The mantle was 
turned back and the animals allowed to recover in a stream 
of seawater. 

Twenty-four hours afterwards, each animal was again 
anaesthetised and a single dose of 5.0 «Ci of L~“C-leucine in 
0.4 ml 1 M Tris-HCI buffer (pH 7.5) was injected into the 
lumen of the branchia] heart. Haemolymph samples of 200 
ul were withdrawn under anaesthesia from the contra-lateral 
branchial heart at varying intervals over a 54 h period; 
blood cells were allowed to sediment overnight and the 
protein content of the supernatant determined by the 
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Biuret method"* using BSA as a standard. 

Radioactivity was measured in aliquots of whole haemo- 
cyanin and compared with the radioactivity in TCA- 
precipitated haemolymph proteins. Samples of whole haemo- 
lymph (100 »l) were dissolved in 10 ml of InstaGel scintil- 
lation cocktail (Packard, Chicago) and TCA-precipitated 
protein was collected on glass fibre disks’* and counted in a 
toluene-based scintillation fluid containing 5 g 1° PPO and 
0.2 g 1° POPOP. Results from both methods were in 
excellent agreement. 

Figure | illustrates the effect of freezing the glands on the 
uptake of labelled leucine. Experimental animals showed 
almost no increase in activity throughout the entire period 
of the experiment yet, in spite of considerable individual 
variation (not obviously related to size or sex), animals of 
the control group all exhibited a high uptake of radioactivity 
into the blood protein. 

Although haemocyanin represents the major protein con- 
stituent of Octopus haemolymph, to confirm that the radio- 
activity reflected the synthesis of haemocyanin rather than 
some other protein, we resorted to an immunological 
characterisation, using the Ouchterlony double-diffusion 
method on an agar plate” followed by autoradiography of 
the dried plate. Haemocyanin antibodies were obtained by 
intravenously inoculating rabbits with 10 mg pure octopus 
haemocyanin three times at 10 d intervals; serum was 
collected 1 week after the last inoculation. In preliminary 
experiments anti-haemocyanin serum was tested against 
purified haemocyanin, whole haemolymph and concentrated 
haemocyanin-free haemolymph. A single precipitation line 
showing a complete arc of identity developed between serum 
and haemocyanin and whole haemolymph. No precipitation 
line was formed with haemocyanin-free haemolymph even 
when it was concentrated eight-fold. 

In Fig. 2a is shown a double diffusion plate stained with 
Amidoschwarz in which haemolymph from control and 
operated animals (I and IV) gave a strong positive reaction, 
each yielding a single precipitation line that was identical 
to that of purified haemocyanin (II and HUD. 

Autofadiography of the plate, by exposing the Kodak 
recording film to the dry gel plate for 2 weeks, revealed 
that the radioactivity was localised in a single line corres- 
ponding to the control animals’ haemocyanin-antibody 





Fig. 2 Incorporation of L~'*C-leucine into Octopus haemo- 


cyanin: immunoautoradiography. a, Amidoschwarz-stained 
immunodiffusion. Pure haemocyani? in wells HI and HI; 
radioactive haemolymph from control animal in well I, 
radioactive haemolymph from experimental animal in well 
IV; and anti-haemocyanin serum in well V. b, Autoradio- 
graphy of a. Note the dark line indicating the radio- -activity 
in the precipitation arc between wells I and Y. 
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complex (Fig. 25). There can be no doubt, therefore, that 
the amino acid is being incorporated into haemocyanin and 
that only in octopuses with intact branchial glands does 
labelled leucine get into the haemocyanin. 

From this we conclude that the branchial gland of 
Octopus is undoubtedly involved in the biosynthesis of 
the respiratory pigment haemocyanin. Little is known about 
tais process and it is hoped that the large size and accessi- 
bility of the branchial gland may make this gland invaluable 
for studying it. 

We thank the staff of the Stazione Zoologica for 
facilities provided; the SRC (Great Britain) and CNR (Italy) 
for financial support and Dr J. J. Barlow, Professors. F. 
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Martin, Professor D. Mayor, W. Mosley, Dr R. O’Dor and 
Anne Wilson for their help. 
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Secretion-dependent uptake of 
extracellular fluid by the rat neurohypophysis 


THERE is considerable evidence that hormone secretion from 
the neurohypophysis occurs by exocytosis of neurosecretory 
granules present in the nerve terminals'*. Exocytosis involves 
fusion of the granule membrane with the plasma membrane so 
that the entire soluble content of the granule is discharged into 
the extracellular space. Persistent hormone secretion does not 
lead to irreversible expansion of the plasmalemma of neuro- 
secretory terminals, so the granule membrane must somehow be 








: HIR after fusion. There i is is morphological evidence bad, on 
the use of electron dense markers in various. preparations, 


- ~~ that following exocytosis membrane is returned to the cell 
_ interior where it is present as microvesicles and larger cis- 


ternae®?°. 

AS large marker substances are taken into the nerve terminals, 
it seems likely that there ought also to be uptake of smaller 
molecules in proportion to their concentration in the external 
medium. If this is the case, the uptake of radioactive tracers 
might provide quantitative data on the magnitude of endocytocis 
occurring at actively secreting neuroendocrine terminals. 

Neurohypophyses obtained from adult rats following 
decapitation were incubated in groups of four in | ml of oxyge- 
nated Locke solution" maintained at 37° C in a water bath. 
After 20 min, the solution was drawn off and immediately 
replaced by one containing: choline chloride, 150 mM; KHCO,, 
6 mM; CaCl, 2.2 mM; MgCl, 1 mM; glucose, 10 mM. 
¥C-Inulin (7.5 pCi mi~), 14C-mannitol (2.4 uCi mi) or 
125}-albumin (2.4 pCi mi, all three from Amersham) were 
present in the bathing fluid for the next 40 min. During the 
last 10 min of this second incubation, hormone release was 


©- evoked by raising the external KCI concentration to 56 mM, 


the choline chloride concentration being lowered to maintain 


>- constant osmolarity. This incubation medium was then with- 
= drawn and its oxytocin content determined in a rat bioassay*’. 
_. After stimulation, the preparations were washed for 150 min in 
a _ Locke solution to remove the tracer molecules present in the 
-> extracellular spaces, the solution being renewed every 10 min. 


The neurohypophyses were then weighed, homogenised in 1 ml 
- of HCIO, 11° (w/v), centrifuged, and the radioactivity of the 
supernatant determined. 
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Fig.1 Effects of calcium antagonists on mannitol uptake. Same 

experimental design as data of Table 1. C], Control uptake 

(n = 4); striped columns, stimulated preparations (56 mM KCI). 

Note absence of extra uptake of mannitol in preparations 

depolarised in presence of D600 (0.1 mM, third column n = 6) 

or Mn?** (5 mM, fourth column, n = 4). Each column represents 
mean + sem. 


Exposure of neurohypophyses to the depolarising solution led 
consistently to an increased cellular uptake of extracellular 


iy _ Marker substance. The results, summarised in Table 1, indicate 
i ‘that uptake i is increased 3.0-5.4 fold in the stimulated prepara- 


tions. The extra uptake of mannitol was greater than that of 
inulin or albumin but more experiments are needed to decide 
whether this difference is significant. The extra uptake could be 
caused either directly by a depolarisation-induced increase 
in the permeability to the tracer or indirectly as a result of 
secretion. The second hypothesis seems most likely because the 
extra uptake is abolished by including in the external medium 
either 5 mM manganous chloride or 0.1 mM of the organic 
calcium antagonist D600, (Fig. 1), both of which abolish 











Table 1 Amount of radioactivity taken up by stimulated and control 


neurohypophyses 
Trapped Equivalent 
radioactivity (c.p.m. per mg tissue) volume of 
extracellular 
fluid taken up 
Stimulated during 
preparations Controls stimulation 
| (um? mg?) 
4C.~Mannitol 20.4 -+ 1.5(8) 57 + 0.4 (4) 7.0 x 108 
4C-Inulin 3.3+06(6) LI +0.1 6) l.i x 108 
1257-Albumin 4.1 + 0.2(8) 0.75 + 0.1 (4) 1.1 x 108 


Preparations were kept 40 min in a Na-free Locke solution con- 
taining radioactive mannitol (0.015 mg ml”), inulin (~ 40 mg ml!) or 
albumin (~ 2 mg ml“). Stimulated neurohypophyses were incubated 
for the last 10 min in a high-K Na-free solution in presence of one of 
the extracellular marker substances. The Table shows the calculated 
uptake in control and stimulated preparations during the last 10 min 
of the incubation with radioactive marker. The difference in uptake 
between stimulated and contro! preparations is highly significant in all 
three cases (z test, P < 0.001). Each value represents mean + $.¢.m. 
with the number of experiments in brackets. 


calcium uptake induced by depolarisation of nerves!” and 
calcium-dependent hormone release from the neurohypophysis**. 
The view that uptake of extracellular tracer induced by de- 
polarisation is secondary to secretion is supported by two other 
observations: first, both hormone release” and tracer uptake 
are greater when secretion is evoked in a Na-free medium than 
when Na is present and, second, in Na-free media uptake 
of tracer induced by depolarisation increases linearly with tracer 
concentration in the external medium (Table 2). 

These data are fully consistent with the hypothesis that, 
following exocytosis, membrane is retrieved by a process 
functionally similar to pinocytosis. On the assumption that up- 
take of tracer occurs without change in its concentration, it is 
possible to express the uptake in terms of a volume of extra- 
cellular fluid taken up and relate this to an equivalent volume of 
granules that must have undergone exocytosis. The data of 
Tables 1 and 2 give, for the three extracellular markers used, an 
average uptake of extracellular fluid equivalent to 3.1 x 10° pm? 
per mg tissue. In the same conditions, the amount of vasopressin 
and oxytocin released amounted to 90 milliunits, that is approx- 
imately 10° of the total neurohypophysial hormone content of 
the glands believed to be contained in 2 x 10*° neurosecretory 
granules**. Assuming that release occurs solely by exocytosis, 
and taking 85 nm to be the mean radius of the core of the 
granules, the induced release should lead to a loss of 5.2 x 10° 
um? per mg of tissue which is in surprisingly close agreement to 
the volume calculated from the uptake of extracellular markers. 

If it is assumed, first, that both exocytosis and endocytosis 
involve spherical vesicles and, secand, that membrane area is 
conserved, the relative volumes of fluid lost during exocytosis 
and gained during subsequent endocytosis should be in direct 
proportion to the ratio of the diameters of the vesicles involved 
in the two processes. Our data are consistent with membrane 
retrieval occurring through vesicles of diameter comparable to 
the granules undergoing exocytosis; but the data are not yet 
good enough to rule out other possibilities. 

Morphological evidence supporting our conclusions was 
obtained by using the extracellular tracer horseradish peroxidase 
(HRP; Sigma, type I). HRP (2 mg mi“) had no effect on either 
resting levels of hormone secretion or secretion induced by 
depolarisation. In control experiments, following exposure to 





Table 2 Dependence on the extracellular mannitol concentration of 
the secretion-dependent uptake of “C-mannitol. 





Extra uptake in Equivalent volume 


Mannitol concen- stimulated prepara- of extracellular fluid 
tration (mM) tions (fmol mg) taken up (pm? mg”) 
0.07 4.9 x 10° 4 0.2(8) 7.0 x 10° 
1 67.7 x 10° + 9.708) 6.8 x 10° 
3 127.1 x 10? e 15.2 (3) 4.2 x 10° 
5 317.4 x 10% + 11.768) 6.3 x 10° 
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Fig. 2 Electron micrographs of neurohypophyses incubated in 
the presence, (a, c), or absence, (b), of horseradish peroxidase 
(HRP). Unfrozen sections (40 um thick) of glutaraldehyde- 
fixed specimens were treated to demonstrate sites of peroxidase 


activity”. a, Low magnification ( x 7,500) view of non-stimulated 
neurosecretory endings. Black HRP reaction product is present 
in the intercellular spaces, and in a few vacuoles within the 
cytoplasm (arrows), b, Stimulated neurohypophysis incubated in 
the absence of the tracer, to reveal endogenous peroxidase 
contained no HR P-tagged structures. The arrows indicate 
several membrane-bounded vacuoles (x 16,000). c, Stimulated 
neurohypophysis. The arrows point to numerous peroxidase- 
labelled vacuoles. The size and location of the vacuoles are 
comparable to those shown in B (x 13,250), * collections of 
microvesicles; sg, neurosecretory granules. 


HRP for 40 min, the reaction product was mainly present in the’ 


extracellular space and very little was detectable in vesicles 
within the cytoplasm (Fig. 2a). In preparations that had been 
depolarised for 10 min (Fig. 2b and c) there was a variable degree 
of degranulation of neurosecretory endings and HRP reaction 
product was found in numerous membrane-bound vacuoles of 
a size (~ 100 nm radius) somewhat larger than that of the 
neurosecretory granules (~ 85 nm radius) seen within the end- 
ings. Fhe vacuoles were preferentially localised near the 
plasmalemma. As previously reported®, microvesicles labelled 
with peroxidase, both coated and uncoated, could also be 
found but even after brief depolarisations their number was 
always low in proportion to the labelled vacuoles. As we found 
relatively few HRP-positive microvesicies, our results contrast 
with those of Nagasawa et al’. We have no ready explanation 
for this discrepancy, but note that our experiments were 
performed in solutions free from sodium, leading thereby to a 
more powerful release reaction'’’. It may well be that two routes 
of endocytosis exist, and their relative importance may depend 
upon the intensity of secretion’®, 

Previous workers have described an extra uptake of calcium 
associated with depolarisation of the posterior pituitary’ and 
in view of our evidence for uptake of extracellular fluid it is 
clearly of interest to know how much of this extra entry of 
calcium might be accounted for by membrane retrieval and how 
much by other routes. In comparable conditions, the extra 
entry of calcium is 10-30 times as great as that of mannitol, 
indicating that only 3 — 10°% of the calcium entry can be due to 
membrane retrieval. 

Our results provide strong evidence that recovery from exo- 
cytosis includes membrane retrieval by a process that involves 
the indiscriminate uptake of extracellular fluid. The fate of the 
substances taken up is unknown; but it seems possible that the 
process of membrane retrieval may provide a route for the up- 
take of physiologically important substances into the neurone. 
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Food vacuole membrane in nutrient uptake 
by Tetrahymena 


ALTHOUGH the ciliate protozoon, Tetrahymena pyriformis was 
first cultivated in sterile broth more than 50 years agot a 
chemically defined media more than 20 years ago* its uptake 
nutrients in solution is poorly understood. For example, the 
part played by the food vacuoles is still unknown. The vacuoles - 
seem to be essential for rapid cell multiplication in some 
media?~*, but calculations show that the volume of the food 
vacuoles formed per unit time cannot account for the observed 
uptake of either acetate® or nucleosides (present report). 
Previously, it was proposed that the mucous layer might beable 
to concentrate nutrients and thus increase their uptake’. 1 here a 
present an alternative hypothesis. es 

Inclusion of insoluble material in the medium shortens gene- vA 
ration times and induces formation of food vacuoles in T. 
pyriformis*~*, The generation times are more than 40 h in 
particle-free, sterile-filtered proteose peptone broth, but only 
6 h in this medium in the presence of particulate material 
(ferric or aluminium hydroxides, heat-denatured egg albumin, 
polystyrene beads, or the precipitate formed by heat sterilisation | 
of the proteose peptone broth). The slowly growing cells contain 
less than three vacuoles per average cell, whereas the fas 
growing cells have 20-30 (ref. 3). These results sugges! that 
particles induce formation of food vacuoles and that forma j 
of food vacuoles is required for rapid uptake of one or more 
essential nutrients. 

Data from growth experiments in media of known composi- 
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Fig. 1 Cell multiplication im populations of Terrahymena 
pyriformis in the presence (a) and absence (b) of particulate 
material, Sephadex beads diameter approximately | um. The 
nutrient medium was chemically defined except for addition of 
proteose peptone, final concentration 0.05%). The initial cell 
concentrations were 1,000 cells mi ™. Each point represents the 
average of eight experiments. Figure reproduced from ref. 4. 


tion allow the estimation of the contribution of the food 
vacuoles to the uptake of compounds which Tetrahymena can- 
not synthesise de novo, for example nucleosides*. Figure 1 
shows cell doublings against time in the presence and absence of 
particles which induce the formation of food vacuoles, The 
estimate is based on a doubling time of 6 h in the presence of 
the particles, an observed rate of vacuole formation of one every 
3 min, a measured vacuole diameter of 6 um and a nucleoside 
concentration of 80 mg per | of medium‘. From these values it 
has been calculated that in one generation time a cell of average 
volume about 27,000 um? (ref. 9) makes vacuoles of which the 
total volume amounts to about 13,000 ym*. Assuming equa! 
initial extracellular and intravacuolar concentrations, this 
volume contains about 107'* g nucleosides. The cell requires, 
however, approximately 100 x 10? g nucleosides in order to 
double its content of nucleic acids’. Uptake of nucleosides 
through the cell surface is apparently insufficient to make up 
the difference, since cell multiplication is por when food 
vacuoles are not formed due to the absence of particles (Fig. 1). 

To account for the discrepancy, I propose that Tetrahymena, 
by some means other than uptake through its whole surface, 
can sweep nutrients from a volume of medium which is much 
larger than the sum of the volumes of the food vacuoles formed 
in the same time. It is unlikely that the stimulating effect of the 
particles is due to collision effects on the whole cell surface. This 
conclusion is based on results obtained in particle-containing 
media in which both cell multiplication and vacuole formation 
were greatly reduced in two sets of experimental conditions, 
namely in a mutant of T. pyriformis“ containing no food 
vacuoles (unpublished experiments) and in the wild type after 
inhibition of vacuole formation with cytochalasin B (refs. 12, 13). 

Since particles assist uptake of nutrients present in low con- 
centrations, and neither the volumes of the vacuoles formed, 
nor entry through the whole cell surface can in any way account 
for the extent of this uptake, the major site of uptake under 
these conditions may well be the food vacuole membrane— 
especially while it is under formation and in open connection 
with the external medium. The oral structures maintain a strong 
current of fluid past the cytopharynx at the base of which the 
food vacuoles are formed. This current brings the membrane 
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of the forming food vacuole in contact with a relatively large 
volume of the extracellular medium and thus in contact with 
large amounts of nutrients. In support of this, it has been 
observed that food vacuoles collect Indian ink particles repre- 
senting a medium volume at least 500 times as large as their own 
(L.R., H. E. Buhse jun., and K. Groh, in preparation). 

Alternatively, nutrient uptake through the cell surface 
suffices for rapid multiplication in the absence of food vacuoles, 
when a generous supply of nutrients 1s maintained®. 

The hypothesis presented here accounts for the experimental 
results obtained to date. Confirmation of its validity requires 
demonstration that food vacuole membrane is much more 
efficient than the rest of the cell surface in transporting such 
compounds as amino acids and nucleosides from dilute solution. 
This is possible in that reduced food vacuole formation is cor- 
related with lengthened generation times in limiting media 
whether the scarcity of new vacuoles is due to lack of 
particles? >, to inhibition of food vacuole formation by cyto- 
chalasin B treatment!*!3 or to a temperature-sensitive mutation. 
The hypothesis reconciles the apparent conflict between vacuole 
volumes, nutrient concentrations and amounts of nutrients 
taken up. It also draws attention to a few so far neglected points 
in the discussion of the significance of the food vacuole in the 
uptake of dissolved nutrients by Tetrahymena. 
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Aerosol particles on tobacco trichomes 

MARTELL! has described a plausible chain of events by which 
atmospheric radicactivity is incorporated into insoluble particles 
that are deposited in the lungs of tobacco smokers. The 
subsequent long exposure of the lungs to alpha activity is a 
strong candidate for the cause of bronchial cancer. Here we 
provide evidence for one of the steps in the sequence. 

The accepted major sources of a radioactivity in the 
atmosphere are radon and its decay products, which condense 
by attaching themselves to sub-micron atmospheric particles. 
According to Martell, many such aerosols contact and are 
incorporated into the sticky tips of tobacco trichomes (spine- 
like protuberances on the leaves). To contact the trichome tips 
directly the smaller particles that carry most of the radioactivity 
must diffuse to the sticky, exudate-coated tips of the trichomes. 
Later, during tobacco curing, the sticky exudate polymerises to 
encapsulate the aerosols in highly insoluble particles. Thus, 
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when inhaled as part of tobacco smoke, the radioactive aerosols 
have long residence times in the deep lung. 

Martell has shown that trichomes of cured tobacco are 
radioactive and that the most insoluble, filterable portion of 
tobacco smoke is the most radioactive. In support of Martell’s 
inference that the radioactivity observed on trichomes comes 
from atmospheric aerosols, we present evidence that aerosols 
are on and inside trichome tips. 

Trichomes from North Carolina flue-cured and Turkish 
air-cured tobacco leaves were examined in a Cwikscan—100 
equipped with a Kevex X-ray energy spectrometer. This 
instrument allows visual observation at high magnification and 
detection of elements heavier than neon in particles down to 
250 A in diameter. Silicon, sodium, chlorine, calcium and 
potassium were seen frequently (Fig. 1), iron and lead 
occasionally. Only potassium and calcium were seen regularly 
in all tips and stems equally. These known components of 
tobacco? mask attempts to observe them in sub-micron silicate 
aerosols. 

Aerosols of > 0.5 um diameter can be analysed individually 
on the surface of trichomes. These larger particles could be 
seen attached to most of the trichome tips of the North Carolina 
tobacco and half of those on Turkish tobacco. Of five individual 
particles analysed on North Carolina trichomes, four gave clear 





Fig. 1 a, Scanning electron micrograph of a cured tobacco 

trichome and b, X-ray spectrum of a trichome tip. Si, Fe, Pb, 

and Cl are elements commonly found in aerosols: K and Ca are 

components of the tobacco itself; and Al is a background signal 
from the sample holder. 
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signals from silicon; one was doubtful. Iron was detected in 
several particles. One 0.5 um particle on Turkish tobacco 
contained chlorine. These compositions imply that the particles 
were Silicate minerals and salt, respectively. 

Trichome tips at positions where no exterior particles were 
visible showed silicon in half of the North Carolina samples. 
Portions other than the tips showed none. For Turkish 
tobacco sodium and chlorine were found on tips and stems. 
Silicon and lead were present in about half of the tips. Some of 
the silicon was associated with visible sub-micron particles. 

In short, tips, like the particles on them, contain elements 
commonly associated with both continental and marine 
aerosols. The direct inference is that where individual particles 
are not seen, the signal comes from many tiny aerosols trapped 
within the exudate on the tips. This observation provides an 
experimental link in Martell’s reasoning that radon daughter 
radioactivity precipitates on aerosols which diffuse to trichome 
tips and later become insoluble residues in tobacco smoke. 
Martell proved that the radon daughter radioactivity is present 
in trichomes; we have shown that the aerosols which normally 
carry this radioactivity are present in the tips. 

We thank E. A. Martell and S. E. Poet for discussions and 
for the tobacco samples. 
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Phytochrome intermediates 
in freeze-dried tissue 


PHYTOCHROME is a plant photomorphogenetic pigment existing 
in two forms, Pr and Pfr, interconvertible by light, which have 
absorption peaks in the red and far-red regions of the spectrum 
respectively':*. Intermediates between Pr and Pfr have been 
studied by several techniques in vivo and in vitro including flash 
photolysis**, low temperature spectroscopy®” and measure- 
ment of the dark (d) reactions of intermediates that accumulate 
in conditions of pigment cycling®°. The pathways Pr—Pfr 
and Pfr—-Pr have been shown to be different, but, both path- 
ways involve an initial photoreaction of the chromophore, 
followed by a series of dark reactions?®™™ ; 


hy d d d 
Pr—P698—-P710—Pb1—Pfr 
hv d d d 
Pfr—P650—-P690—-Px—-Pr 


P698, P710, P650, P690 are intermediates having peak absor- 
bance at 698, 710, 650 and 690 nm respectively; Pbl and Px 
are intermediates having relatively weak absorption bands. I 
now report a technique enabling phytochrome intermediates 
to be studied in vivo at 0° C using a dual wavelength spectro- 
photometer. 

It has been known for some time that complete photo- 
conversion of phytochrome is not possible in dehydrated tissue 
or samples of phytochrome dried on to gelatin films**-**. 
Measurements have been made, however, either by slowly 





scanning a complete spectrum or by restricting measurements 
to the wavelengths 730 v 800 nm used routinely for the phyto- 
chrome assay. Figure | shows differential absorbance changes 
that occur in a sample of freeze-dried dark grown Pisum 
epicotyl tissue. Using wavelengths 735 v 800 nm it is clear that 
Pr cannot be photoconverted to Pfr on exposure to actinic red 
light. Observations at 698 v 800 nm, however, demonstrate that 
high absorbance after actinic red light disappears in darkness. 
Similar measurements at the peak absorbance of Pr, 665 v 800 
nm, show an increase in absorbance in darkness after actinic red 
light. This is interpreted as the phototransformation of Pr to the 
intermediate P698 and its reversion to Pr in darkness® +, 
hy 
Pr z2 P698 
d 

This conclusion is supported by the lack of any absorbance 
, changes after actinic far-red light and the fact that the kinetics 
of the absorbance decrease at 698 nm and the absorbance 
increase at 665 nm are identical. It is therefore concluded that in 
freeze-dried tissue, Pr undergoes isomerisation of the chromo- 
phore and that this event is reversed in darkness. This situation 
is similar to that observed at —70° C in vivo". 

A similar experiment carried out with tissue freeze-dried with 
phytochrome in the Pfr form shows that a photoreversible 
reaction occurs on exposure to alternate actinic red and far-red 
light. A difference spectrum for this reaction is shown in Fig. 2. 
Compared with the normal difference spectrum of phytochrome 
photoconversion in hydrated tissue the absorption in the red 
region of the spectrum is low and is similar to that of the 
intermediate P650 produced on exposure of Pfr to far-red light 
at — 196° C (refs. 6 and 10). I conclude that this photoreaction 
of Pfr in freeze-dried tissue is restricted to the phytochrome 
chromophore. 

far-red 
Pfr 2 P650 
red 
The behaviour of P650 on exposure to actinic red light is clearly 
different from Pr which produces the unstable P698 under these 
conditions of dehydration. 

The effect of dehydration on phytochrome seems to be similar 
to that of low temperature. Low temperatures, however, not 
only restrict the conversion of Pr to Pfr and vice versa, but shift 
the absorption peaks of Pr and Pfr to longer wavelengths 


Adson- soo 


AA ges — soo AAs EEO 





Fig. 1 Recordings of differential changes in absorbance in a 
sample of freeze-dried dark grown Pisum epicoty! tissue (3 mm 
path length) at 0° C using a Perkin-Elmer 156 dual wavelength 
spectrophotometer. They demonstrate the production of the 
intermediate P698 and its reversion to Pr after actinic red light. 
Sample consisted of 1 cm third internode sections of Pisum 
sativum cv. Alaska seedlings 7 d old grown in darkness at 
25° C were frozen in liquid nitrogen, freeze-dried for 36 h and 
kept over P,O, in a dessicator at —20° C for 5 d, All manipula- 
tions were carried out under a dim green safelight. Intensity of 
actinic red light (660 nm) 1.2 x 103 pW cm" 2, far-red light 
(730nm) 1.3 x 10? pW cm? 





Nature Vol. 250 July 12 1974 





600 650 700 750 800 
nm 


Fig.2 @-—@, Difference spectrum for the photoreaction that 
occurs at 0° C in a sample of Pisum epicotyl tissue (3 mm path 
length) freeze-dried after a saturating exposure to red light 
(@—e, 2 x 10°? AA). It demonstrates the photoreaction 
between the intermediate P650 and Pfr.--~-—-, Difference 
spectrum for the photoconversion of phytochrome in a 
freshly collected sample of Pisum epicotyl tissue at 0° C 
(l-~~~], 1 x 102A A). 


(for example, the peak absorption of Pfr shifts from 732 nm at 
0° C to 744 nm at — 196° C)®. Dehydration does not seem to 
bring about such large wavelength shifts. This means that the 
absorption characteristics of intermediates measured in this 
way can be used for comparison with action spectra of physio- 
logical responses in which they have been implicated. The 
dehydrated tissue containing Pr and Pfr shows photoreactions 
which are interpreted as being restricted to the chromophore of 
phytochrome. Controlled rehydration experiments are being 
conducted to study the reactions of the isomerised chromophore 
and protein. The use of this method should enable a critical 
analysis of phytochrome intermediates to be made without the 
difficulties associated with the use of low temperatures. Further- 
more, freeze-dried samples have been demonstrated to be stable 
even when stored for several days in darkness at room tem- 
perature. 

R. E. KENDRICK 
Department of Plant Biology, 
The University, 
Newcastle-upon-Tyne NEI 7RU, UK. 
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Chemical and biological 
degradation of waste plastics 


Bririsn domestic refuse can mainly be divided into ash, 
cinders, paper, cardboard, glass, metals, plastics and 
organic matter’’. The relative amounts of each component 
have varied over the years: ash and cinders have decreased 
while paper, cardboard, glass, metals and plastics have 
increased, because of their widespread use in ‘throwaway’ 
packaging. 

Cellulosic wastes present few problems during disposal, 
while glass and metal can be reused or recycled. Plastics, 
however, are less easily dealt with. They will not rot away 
in the soil or during composting, and they also present 
problems on incineration®’~*. Some plastics waste can be 
recycled at source within industry but at present it would 
be uneconomical to reuse the plastics in town waste, and 
even in industry there is little demand for the reuse of 
plasticss. 

It is generally agreed that most of the synthetic polymers 
in use today resist biodegradation but that the plasticisers, 
used to modify the physical properties of some plastics, are 
biodegradable’~*. As most of the plastics in town waste are 
unplasticised’, they remain unchanged after all but the 
most destructive disposal processes, the advent of plastics 
has called into question the idea of ‘microbial in- 
fallibility’’’. If a completely new biodegradable plastics were 
produced it would be more expensive than present 
plastics because of the limited scale of manufacture. On 
the other hand, the recent production™ of photodegradable 
plastics does not take into account the fact that the 
majority of town waste is still used for landfilling, and is 
therefore not exposed to sunlight. 

Town waste at present contains 1.2% by weight (5% by 
volume) of plastics. About 70% of these plastics are 
derived from packaging: they comprise (by weight of 
packaging plastics): 66% polyethylene, 16% polystyrene, 
8% PoryPropyiene. 4%, polyvinyl chloride, 3% thermosets, 
and 3% miscellaneous’. Our aim was to develop a process 
for converting waste plastics to protein. We hoped to do 
this by chemical degradation followed by fermentation, and 
a literature survey suggested that oxidation" would be 
an effective degradation method. Indeed, previous experi- 
ments?” had shown that the oxidation products of 
polyethylene could support the growth of many thermo- 
philic fungi and actinomycetes. We tried the effect of 
¿Several oxidising agents on polyethylene, the commonest 
packaging plastic, and as a result of our experiments chose 
“nitric acid (reaction conditions given in Figs 1-3). We 
_ found that the nitric acid could be recovered by distillation 
and reused. We were able to oxidise four 10 g batches of 


























polyethylene with one 250 ml batch of 86% v/v nit 

We then took some discarded plastics packages, id 
fied the plastics from their behaviour on burning 
refluxed each of them with 86% v/v HNO. The 
ethylene articles were completely dissolved after: 
reflux, while polystyrene, polypropylene and pol 
chloride left residues. 

We identified some of the oxidation products by 
chromatography. Oxidised polyethylene consisted of a mix 
ture of straight-chain dicarboxylic acids containing fro 
six to 12 carbon atoms; other components were prese 
trace amounts. Oxidised polystyrene consisted of 1 
components comprising 95% of the products. Oxid 
propylene contained 14 components, seven of whi were 
identified as dicarboxylic fatty acids containing - 
and 12 carbons. Polyvinyl chloride resisted oxida 
nitric acid. : 

We carried out experiments to determine wha 
plastics oxidation products could s support microbia gi 
Nineteen thermophilic fungal species were incu 
the conditions described in Fig. 1, with K* salts o 
polyethylene as carbon source. (Previous experit 
shown that better growth was obtained on’ 
than on the dicarboxylic acids.) Little growth was 
in the mineral salts alone, but several fungi 
the media containing the oxidised polyethylene. 
mesophilic fungal species cultured under the same « 
tions (but at 27° C) produced greater cell weights thi 
the thermophiles. Dry weights obtained per 50 ml of culture 
were: 34.2 mg for Mucor sp., 29.0 mg for Penicillin § 
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Fig. 1 Growth of thermophilic fungi on oxidised ae 
ethylene. Polyethylene (10 g, ICI, Alkathene) was refluxed 
with 200 ml 60% v/v HNO; for 24 h. The oxidation mixture 
was cooled, diluted with water, then extracted into diethyl = 
ether. The ether extracts were bulked, washed with water, 
evaporated and the resulting dicarboxylic acids converted to _ 
their K* salts by addition of 250 ml of 0.2 M KOH. oe 

The K* salts were incorporated at a 1.0% v/v level in: 
50 ml of sterile Eggins and Pugh mineral salts solution =~ 
(without added yeast extract or L-asparagine) in 250 ml 
conical flasks. The medium was adjusted to pH 64 and 
inoculated with 2 mm disks of thermophilic fungi? on agar. — 
Two replicates were made at each temperature (40° C and. 
48° C), and after incubation, the mycelia were filtered off, 
washed with boiling distilled water and dried to constant 
weight. Controls consisted of fungi incubated with mineral 
salts without added oxidation products. 

The figure shows the mean mycelial weight, minus the 
weight obtained in the controls, of the following fungi: 1, 
Malbranchea pulchella var. sulphurea, 2, Cephalosporium 
sp. 3, Mucor pusillus, 4, Sporotrichum thermophile; 5, 
Humicola grisea Var. thermoidea: 6, Humicola lanuginos: 
7, Mucor miehei, 8, Taloromyces’ duponti: 9, Taloro: 
emersonii, 10, T hermoascus auriantiacus; 11, gi 
fumigatus. 12, Chaetomium thermophile var. coprophile; . 
13, Chaetomium thermophile var. dissitum, 14, Humicola 










myces; 1, Humicola stellata: 18, Thielavia thermophila; 19, 
Torula thermophila, @, 40° C; 0, 48° 
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and 28.9 mg for Dicoccum sp. 

Four mesophilic bacterial species (Al and A2 isolated 
from the atmosphere; M1 and M2 isolated from soil) were 
cultured on the K* salts of the oxidation products of the 
plastics articles listed in Fig. 2. In every case the biomass 
exceeded that obtained in the controls, and examination of 
the culture medium showed that Al and A2 removed all 
the polyethylene oxidation products, M1 removed 31% and 
M2 removed 21%. The low removal by MI and M2 was 
improved by increasing the initial concentration of the 
oxidation products in the medium to 25% v/v: 7 d incuba- ` 
tion then resulted in 82% and 83% removal by MI and 
M2 respectively. 

To obtain protein for analysis we grew 5 | batches of 
Al and A2 on the K* salts of the oxidation products of a 
polyethylene milk bottle. During culture we removed a 
100 mi sample each day and determined its content of 
oxidation products (Fig. 3) and bacterial cells: 95% of 
the oxidation products were removed, and the yield of 
bacteria reached a maximum, within 2 d. Average dry 
weights of 1.5 g per 5 | of each organism were obtained 
after 2 d growth, and the protein contents of Al and A2 
were 38.3% and 46.4% of their respective dry weights. The 
proteins (Table 1) contained all the essential amino acids 
except (for A2) methionine. They are potentially valuable 
| as a food, although feeding trials and toxicity studies would 

A2 M] be required to confirm this. 
Bacterium Higher yields of biomass were obtained from the oxida- 
tion products of polyethylene than from those of poly- 
Fig. 2 Growth of mesophilic bacteria on the oxidation styrene or polypropylene. Yields (g dry weight per 100 g 


products of four plastics packages. Ten grams of each of of plastic after 3 d growth) of Al, A2, Mi and M2 were: 
the four plastics packages, 1, “Marks and Spencer’ white 
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: , 43, 39, 28 and 23 respectively from polyethylene; 6, 13, 10 
polyethylene bag; 2, ‘Sqezy’ polyethylene detergent bottle; on oe j | 
3, ‘Lancashire Hygienic Dairies’ polyethylene milk bottle: and 4 respectively from polystyrene; and 10, 7, 4 and 2 
and 4, ‘Ovotherm’ polystyrene (non-expanded) egg carton respectively from polypropylene. Biomass yields (g per 100 
were refluxed for 24 h with 250 ml of 86% v/v HNQ;. The g of polyethylene) of 176, 120, 80 and 70 respectively were 
icra ey ae ee oe ea obtained from the first four thermophilic fungi iN 
pas : , | 7 F i ‘ces of single-ce 
KOH: 1, 260 mf; 2, 260 ml; 3, 267 ml; 4, 210 ml. The K* Fig. 1 after 19 d growth at 40° C. As sources of si 
salts of each oxidised plastic were incorporated at a 4.0% protein, fungi have three advantages over bacteria: they 
ate level oe a anes oe salts sna ue Par ale are easier to harvest, they have a lower nucleic acid 

tration. The culture medium contained: aerO: LU g; : ic Hipopolvsaccharide cell wall. 
KCI 0.5 g; (NH,)2SO; 0.5 g; MgSO, 0.2 g; yeast extract content, and ae lack a pee PARS es Om oiher peue 
0.5 g; distilled water to 1.0 litre, Flasks containing 100 ml Although we have separated the plastic | 
of this solution were inoculated with standard amounts of ponents of rubbish before oxidation, it is A Er s 
one of four bacterial cultures, Al, A2, M1, M2, and do so. We have oxidised samples of mixed rubbish o 
incubated at 25° C for 6 d with shaking in a Gallenkamp amar comoostorio alot town waste, and have grown 
Orbital Incubator. Controls consisted of bacteria incubated aoe HP ‘dati | d i fe. Weare hol 
with mineral salts without added oxidation products. After microorganisms on the oxidation products. We T | 
incubation, the bacteria were centrifuged off and their dry seriously proposing the oxidation of mixed town waste, but 
weights determined. The spent culture medium was examined our experiments do indicate that nitric acid oxidation is 


Ce eee ee a effective even when the plastics have other materials 


bottle; 3, polyethylene milk bottle; 4, polystyrene egg carton, mixed with them. 





Table 1 Amino acid composition of protein obtained from bacteria Al and A2 grown on polyethylene oxidation products—-comparison with 
composition of other proteins 





Protein Essential amino acids (g/100 g protein) Nonessential amino acids (g/100 g protein) 

His He Leu Lys Met Phe Thr Trp Val Ala Arg Asp Cys Glu Gly Pro Ser Tyr 
Organism Al 2.1 56 9.5 67 0.4 3.6 55 40 7,7 11.7 56 93 — 103 93 49 47 1.8 
Organism A2 19 63 91 6.5 — 39 55 40 8.6 128 49 95 — 105 95 55 3.5 2.0 
Beef? ` 32 51 78 82 24 42 45 13 53 62 66 91 13 154 45 42 42 34 
Cows milk?* 27 62 99 78 24 S51 46 14 70 3.7 37 8.2 08 22.2 19 98 5.8 5.6 
FAO/WHO (ref.23) — 43 49 43 23 29 28 14 43 — — — 2.0 m e c ay O 





Protein was extracted from freeze-dried cells as follows?™?1, Approximately 100 mg of cells were weighed into a plastic 100 ml centrifuge 
tube, and 40 ml of 5.0% v/v trichloracetic acid added. After standing for 30 min at 5° C the cells were centrifuged (all centrifugations carried 
out at 10,000 r.p.m. for 10 min in a Martin Christ High-Speed refrigerated centrifuge, model Zeta), and the supernatant discarded. The residue 
(R1) was incubated for 30 min at 40-50° C with 60 ml of 75% v/v ethanol/water, centrifuged, and the supernatant discarded. The residue (R2) 
was incubated for 15 min at 40-50° C with a mixture of 20 ml 75% v/v ethanol/water and 20 ml diethylether, centrifuged, and the supernatant 
discarded. The residue (R3) was incubated for 30 min at 100° C with 40 ml of 5% v/v trichloracetic acid, centrifuged, and the supernatant once 
more discarded. The resulting residue (R4) was washed twice at room temperature, first with 40 mal of ethanol which had been acidified with 
sufficient HCI to give a final concentration of 5 m mol I~! then with 40 ml of diethylether. Each washing was removed by centrifugation. The 
final residue was dried in air, weighed, and calculated as a percentage of the dry weights of bacterial cultures Al or A2. Amino acids were ana- 
lysed using a JEOL JLC-6AH Aminoacid Analyser after hydrolysing 2.0 mg of each protein in 3.0 ml of 6.0 M HCl for 18 h at 105 C, ina 
sealed tube. Tryptophan (destroyed by acid hydrolysis) was determined by dissolving unhydrolysed protein in sufficient 0.1 M NaOH to give 
an extincticn of 0.2-0.5 at 260 nm, then determining the absorpticn at four wavelengths”*. 
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Fig. 3 Utilisation of polyethylene oxidation products by 
mesophilic bacterium Al. Four polyethylene milk bottles 
(44.5 g) were refluxed for 48 h with 890 ml 60% v/v HNOs,, 
allowed to cool, and converted to their K+ salts by addition 
of 60°, KOH to give a final volume of 2.5 1. Two hundred 
millilitres of this solution were sterilised by Millipore filtra- 
tion and added to 5 I of nutrient salts (Fig. 2) in a Biotec 
FL 110 fermenter (autoclaved at 15 Ib in~? for 20 min). 
The fermenter was inoculated with 2.0 ml of a 24 h broth 
culture of bacterium Al, and incubated with vigorous 
aeration for up to 6 d at 25° C. Each day a 100 mi sample 
was removed aseptically, centrifuged, and the bacterial cells 
dried and weighed. The supernatant was examined for the 
presence of unused polyethylene oxidation products as 
follows: it was acidified with concentrated HCI to pH 2.0, 
extracted with 2x 100 ml diethylether, the ether extracts 
bulked, dried over anhydrous Na2SO,, filtered, and evap- 
orated to dryness. The dry oxidation products were converted 
to their dimethyl esters’? (for gas chromatography) by 
boiling for 3 min with 5.0 mi of 14% boron trifluoride- 
methanol complex (British Drug Houses), The reaction was 
stopped by addition of 20 ml water, and the esters extracted 
into 2x 50 ml diethylether and evaporated to dryness. The 
esters were dissolved in 0.5 ml chloroform, and 1.0 yl 
samples injected on to the gas chromatograph. Gas chroma- 
tography was carried out on a Perkin Elmer F11 (Mark 2) 
dual column gas chromatograph equipped with dual flame 
ionisation detectors. The* instrument was fitted with glass 
columns, 6 feet long and 3 mm internal diameter, packed 
with diethylene glycol succinate, 20% w/w on Chromosorb 
W, HMDS, 80-100 mesh. Chromatography was carried out 
isothermally at 165° C, with an injection port temperature 
of 270° C and a carrier gas (nitrogen) flow rate of 20 ml 
min~’. Gas pressures used were: nitrogen, 40 Ib in-? (270 
kN m`’), hydrogen 20 Ib in~? (135 kN m7’); air 30 Ib in~? 
(202 kN m~’). Peak assignments were made by comparing 
their retention times with those of authentic dimethyl ester 
standards: dimethyl malonate and dimethyl sebacate (Sigma, 


London), dimethyl succinate, dimethyl glutarate and 
dimethyl suberate (Ralph N. Emanuel, Limited), ——--, 0 h; 
—~——~, 4h, ` 
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Haidinger’s brushes and predominant 
orientation of collagen in corneal stroma 


WHEN a source of bluish light, such as the sky, is viewed through 
polaroid glass or other polarising material, a characteristic 
figure known as Haidinger’s brushes is fleetingly seen at the 
fixation point by most observers. The ‘brushes’ are shaped like 
an hourglass, yellow and darker than the surround, and are 
orientated with their long axis at right angles to the transmis- 
sion plane of the polaroid. On either side of the brushes are 
light blue areas which are brighter than the surround: by some 
observers they are seen more clearly than the brushes themselves. 
If the polaroid is rotated, the brushes rotate with it in the same 
direction, and this manoeuvre prevents the figure from fading. 

It is generally agreed that Haidinger’s brushes result from the 
absorption of blue light by the pigment of the macula ‘lutea!~*. — 
If the macular pigment, which absorbs maximally in the wave- 
length range 430-490 nm (refs 2, 4) is dichroic radially, then 
linearly polarised light will be absorbed about the diameter of 
the macula which lies at right angles to its plane of polarisation, 
producing a yellow region of diminished brightness with inter- 
vening blue areas occurring as a contrast effect. Nevertheless, 
Shurcliff®’ argued on the basis of the appearance of the brushes 
with circularly polarised light that the accepted explanation of 
their causation might be wrong. According to Shurcliff, right- 
handed, circularly polarised light produces an oblique upward- 
to-the-right orientation of the brushes in each eye and left- 
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handed light produces an upward-to-the-left obliquity irre- 
spective of the orientation of the circular polariser. Brindley* 
has suggested that the effect of circularly polarised light could 
be explained if any of the optical media of the eye such as the 
cornea were birefringent with axes vertical and horizontal. 

I have repeated Shurcliff’s observations using quarter wave 
plate compensators as a source of circularly polarised light, but 
have been unable to confirm his findings either in my own eyes 
or in those of any subject whom I have so far examined. I have, 
however, found that a quarter wave plate for yellow light 
(. = 575 nm, retardation checked by the method of 
de Sénarmont and with a Babinet compensator) consistently 
produces in persons, including myself, who are able to see 
Haidinger’s brushes clearly, a reversal of the figure so that its 
‘long axis lies at right angles to its previous direction. This 
reversal is most evident when the transmission plane of the 
polaroid is vertical or horizontal, and the 4A plate is interposed 
between the polaroid and either eye with its slow direction in 
the upward-and-outward diagonal. When the 4A plate is 
inserted accurately in the upward-and-inward diagonal the 
figure disappears. A 4) plate, on the other hand, produces 
reversal in the upward-and-inward diagonal and disappearance 
in the upward-and-outward diagonal. 

These findings are explained if the collagen in the corneal 
stroma is predominantly orientated in the upward-and-outward 
diagonal—a view which agrees with earlier work®* on birefrin- 
gence in the visual pathway. Collagen is positively birefringent 
with its optical axis lengthwise, so that its slow direction is 
along the length of the fibre. It is the only substance in the 
optical path that is sufficiently birefringent to influence the 
orientation of the figure significantly. Reversal will occur when 
the combined retardation of collagen and wave plate is near to 
half the wavelength of blue light, while disappearance will result 
from the circular or near circular polarisation occurring when 
the combined retardation is approximately a quarter or three 
quarters the wavelength of blue light. 

To estimate the actual retardation produced by the corneal 
collagen in the upward-and-outward diagonal in my own eyes, I 
observed the effects of introducing into the visual path one or 
more compensators made from thin commercial polythene 
with a retardation of t/i. With the slow direction of the 
compensator in the upward-and-inward diagonal, that is, in the 
subtraction position with respect to the corneal collagen, the 
definition of the figure was enhanced by a retardation of Vig À 
and returned to normal with a retardation of 4 à. These findings 
are compatible with a retardation due to the collagen of 
approximately 4/,,4 (48nm). A#4/,,4 compensator in the upward- 
and-outward diagonal should, then, give the same combined 
retardation (4 2) as a 4 A compensator in the upward-and- 
inward diagonal, and so cause the figure to disappear. 

This was found to be the case. It is now possible to explain 
more fully the results obtained with 4 à and 4 à plates. A 4A 
plate in the addition position produces a combined retardation 
of 4 à which is approximately ?/, X the wavelength of blue light 
giving reversal of the figure, and in the subtraction position a 
combined retardation of 4 À, that is,?/; x the wavelength of 
blue light causing disappearance. A 4 à plate produces in the 
subtraction position a combined retardation (°/,. A) equal to 
4 x the wavelength of blue light giving reversal, and in the 
addition position a combined retardation (’/,,4)equal to} x the 
wavelength of blue light causing disappearance. 

A class experiment was conducted to determine the preva- 
lence of a preferential orientation of the corneal collagen. One 
hundred students were asked to visualise Haidinger’s brushes 
using polaroid and to report the effect on their orientation of a 
4 à plate made from three layers of polythene. Eighty-three 
students. were able to see the brushes, and of these 83% 
(69 students) obtained reversal with each eye when the slow 
direction of the 4 A plate was in the upward-and-outward 
diagonal and disappearance with the plate in the opposite 
diagonal. Because the subjects were not used to making such 
observations, these results may be regarded as confirmation of a 
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predominant upward-and-outward direction for the collagen 
bundles in the cornea. Recent authors’ have stated that the 
corneal collagen is randomly arranged, although Kokott’s 
reconstruction of the superficial layer of the stroma shows a 
mainly oblique direction with an apparent preponderance in the 
upward-and-outward diagonal. It may be significant that the 
predominant orientation shown by the present study is in the 
line of pull of the tendons of the superior and inferior oblique 
muscles of the eye. 
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The apparent heaviness of colours 


EarLY this century, E. Bullough' showed that some combina- 
tions of colours, one above the other, are chosen as more 
‘natural’ than other combinations, which tend to look top heavy. 
Various methods of measuring the apparent weight of colours 
were subsequently devised: Bullough’s preference method, tests 
in which the weight of coloured blocks was judged either 
visually or directly by hand? +, and the ‘weighing’ of half-inch 
circles of coloured paper at either end of a simulated. balance 
arm with an adjustable fulcrum®. There was general agreement 
that red and blue were the heaviest colours, yellow the lightest. 
But no statistical evaluation was used in the earlier work; and 
as the colours were surface-illuminated, the effect of colour was 
easily confounded with that of brightness. In fact, most investi- 
gators considered that brightness was probably a crucial factor. 
In the present study, an adaptation of Monroe's procedures, 
the effects of colour and brightness were investigated separately 
using larger transilluminated stimuli, with brightness carefully 
controlled. Our results show that she effect is independent of 
brightness. Coloured circles, equal in subjective brightness, 
differ considerably in apparent weight, while achromatic stimuli 
which differ in brightness are not consistently different in 
weight. 

The display as seen by the subjects is shown in Fig. 1. Two 
circular holes, 10 cm in diameter with 30 cm between centres, 
were cut in a matt black screen. The holes were covered by 
ground glass, on to which the stimuli were back-projected by 
two slide projectors. Between the circles was a horizontal slit 
along which the subject could move a small luminous pointer 
to the ‘balance point’, by turning a knob below the board. The 
display was positioned vertically in front of the subject in a dark 
cubicle, so that his eyes were about level with the stimuli and 
the control knob was within easy reach. Movements of the 
pointer were recorded on an oscilloscope screen, unseen by the 
subject. 

We tested the effects of colour in the absence of brightness 
differences, and the effects of brightness in the absence of colour 
differences. In order to simplify the procedure, each of the test 
stimuli was individually ‘weighed’ against a white stimulus of 
constant brightness. For the colour experiment five colours 
were used: Red, Orange, Yellow, Green, and Blue (Kodak 
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adjusted to be equal in subjective brightness to the standard. 
For the brightness experiment white stimuli of four different 
brightness levels were used, covering a 25-fold range in physical 
intensity. 

Each colour was presented eight times and each brightness 


level four times in the course of a testing session on one subject, 


giving 56 ‘weighings’. The brightness stimuli were mixed in 
amongst the colour stimuli and the whole order was randomised, 
with the constraint that each stimulus should appear equally 
often on the left and right of the display. The order was changed 
for different subjects to eliminate possible order effects. Medians 
of the judgements made to each stimulus type were used in the 
comparison. 

Ten men and ten women took part in the experiment. All 
were Cambridge undergraduates, none of whom had any 
previous knowledge of the phenomenon being studied. Each 
subject was given the following printed instructions at the start 
of the session. 

“The apparent weight of colours. Pictures are often said to 
have a centre of gravity, perhaps determined by the way the 
different colours are arranged. Early this century, those 
investigating the psychology of aesthetics had the idea that 
colours have weight. This is an experiment to test that 
idea 

Imagine the slit joining the two circles to be a rigid bar 
connecting two heavy illuminated spheres, and supported 
by the luminous pointer as a fulcrum. By turning the knob, 
move the pointer along the slit to a position about which 
the two spheres appear to be exactly balanced in weight. 
There are no right or wrong answers, so please do not feel 
that you need to take a long time to make these judge- 
ments.” 

No practice examples were given, though the subjects were 
encouraged to spend more time over the first few judgements so 
that they should get the idea. When the subject indicated, for 
each stimulus pair, that he was satisfied with the position of the 
pointer, this was recorded, and the next pair presented. 

With the coloured stimuli most subjects had little difficulty 
in making these unusual judgements, although a few said that 
they did not accept the metaphor of ‘weight’, and were simply 
placing the pointer where it looked best. With the stimuli of 
different brightness the subjects appeared more unsure of what 
to do, and their judgements were rather less reliable. 

To evaluate the results, the position of the pointer was 
expressed in terms of the displacement from the mid-point 
towards the test stimulus, positive displacements thus indicating 


armenams e 
Table 1 Median displacement of pointer from mid-point towards 
the test stimulus 


Colour Yellow Green Blue Orange Red 
0.9 1.9 1.9. 2.1 3.8 cm 
Brightness* —0.8 — 0.4 -+-0.3 -+-0.7 
0.2 0.4 0.2 0.3 cm 
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Table 2 Average ranks attributed to each colour 
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Red Blue Green Orange Yellow 
Men 0.70 1.65 2.25 2.10 3.30 
Women 1.05 1.75 1.65 2.50 3.05 
Total 0.87 1,70 1.95 2.30 3,17 





0, heaviest; 4, lightest. 


increasing ‘heaviness’ relative to the standard. The medians of 
the 20 subjects’ median judgements for each test stimulus are 
given in Table 1. | 

All the colours were regarded as heavier than the standard, 
with red the heaviest, yellow the lightest and the other three 
clustered in between. A Friedman two-way analysis of variance 
by ranks indicates that the effect of colour was highly significant 
(P <0.001). On a Wilcoxon matched pairs test, yellow comes 
out as significantly lighter than all the other colours (P <0.05 















or better), and red as significantly heavier reen, orange 

and yellow. oP a a 
The average ranks (from 0 as the heavies as the lighte 

attributed to each colour are shown in T 2. Though t 





Thou 





The results for brightness showed no significant effects 
of any kind. 

No plausible explanation has yet been offered for why 
people should see any equivalence between colour and weight, 
nor can we offer one. Bullough suggested an explanation in 
terms of landscape associations and aerial perspective; but he 
himself considered this aurgument ad hoc and unconvincing. 
Indirect associations, of the kind ‘red=<important=-heavy’, 
seem more likely. Red is commonly regarded as a particularly 
striking colour; moreover, in tests of colour preferences, red 
and blue are generally considered the most pleasant colours, 
yellow the least pleasant. A correlation between saliency or 
colour preference and apparent weight, however, if it exists, 
has little explanatory power. The reasons for colour preferences 
are themselves unclear. Whatever the explanation, the consis- 
tency with which people make such peculiar ‘synaesthetic’ 
judgements about the affective value of colours is remarkable. 
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Male sterility induced in 
barley by photoperiod 


THE continuous exposure of barley plants to short photoperiods 
leads to marked increases in the numbers of primordia and grains 
per ear'~*. But little is known of the effects of brief exposures 
to short days and here we describe the distinctive effects of such 
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treatments given at different stages of ear development, on the 
fertility of the florets of ears of barley. | 

Seeds of barley (cultivar ‘Proctor’) were sown four per 
4 inch pot containing John Innes compost No. 2, in a green- 
house in March 1973. After 10 d the resultant seedlings were 
thinned to give a uniform stand of two plants per pot. Except 
when given the short day treatments, plants were grown ina 
16 h photoperiod comprising 8 h of daylight (0900h—1700h) in 
the greenhouse and 8 h of incandescent light (1700h—0100h) 
of an intensity of approximately 400 Ix at pot height, in adjacent 
photoperiod chambers. The experimental layout consisted of 
eight randomised blocks, with each block taking up a single 
trolley. The trolley positions within both the greenhouse and 
photoperiod chambers were randomised daily to minimise 
block differences. 

Immediately after the appearance of double ridges on the 
main shoot apex, the first of four transferences of plants into 
short days was carried out, 21 d after sowing (treatment A). 
The other groups of plants were transferred 35 d (treatment B), 
- 42 d (treatment C) and 56 d (treatment D) after sowing. These 
-plants received a photoperiod of 10 h for 14 d, this consisting 
of 8 h of daylight in the greenhouse (0900h-1700h) and 2 h 
of incandescent light (1700h-1900h) in photoperiod chambers 
situated next to the ones accommodating the plants receiving 
long days. 

During the treatment period, those plants receiving the short 
photoperiods were removed from the different blocks and 
carried on a single trolley. After the 14 d treatment period, the 
pots were returned to their original positions, within blocks, on 
the various trolleys. At the beginning of each treatment, 
eight pots were selected at random and the plants dissected to 
determine the stage of development of the main shoot apex. 
These stages were the double ridge stage (treatment A), stamen 
initial stage (treatment B), awn initial stage (treatment C) and 
the final stage of ear differentiation with the awns longer than 
the spike (treatment D). The progress of ear development in 
the main shoot of the treated and control plants was determined 
by examining the apices of 16 plants sampled at weekly 
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Grain number per plant 
Floret number per plant 


4 floret fertihty per plant 
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on 


Fig. 1 The effects of a 2-week exposure to short days imposed at 

the double ridge stage, A; stamen-initial stage, B; awn-initia] 

stage, C; and the later stages of awn differentiation, D on 

a, grain number per plant, b, floret number per plant and 

c, % floret fertility per plant. (Bar, least significant difference 
at P< 0.05.) 
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intervals; the apices were fixed in 1:3 acetic alcohol and kept 
for subsequent examination. Sixteen pots were kept in long 
days throughout to serve as controls. The treated and control 
plants reached ripe-harvest maturity in a 2 week period at the 
end of July. At maturity, the numbers of ears per plant and of 
fertile and infertile florets for the individual ears were recorded. 
In the latter context the number of florets was counted from the 
first floret above the collar. Floret fertility is calculated as grain 
number divided by floret number and expressed as a percentage. 

The short day treatments did not affect ear numbers per plant 
(Table 1). When imposed during the later stages of ear develop- 
ment, however, they markedly reduced the numbers of grains 
set per plant (Treatments C, D, Fig. la). The reductions were 
due to a significant depression of floret fertility rather than to 
any decrease in the numbers of florets produced per plant 
(Figs. 16 and c). 

The reductions in fioret fertility shown by treatments C and D 
were not distributed evenly between the various ears of the 
plant. Thus, when short days were imposed from the awn- 
initial stage (treatment C) the ear of the main shoot became 
almost wholly sterile, the ears in the axils of leaves 1 and 2 were 
unaffected and the ear in the axil of leaf 3 showed a small 
increase in fertility. In contrast, treatment D, which started 
when the awns of the main shoot apex were longer than the 
spike, caused almost total sterility of the axillary ears with the 
main shoot ear being hardly affected (Fig. 2). 

Cytogenetic studies of main shoot ears of plants which had 
received treatment C showed pollen development to be 
abnormal. Thus | week before anthesis the young pollen grains 
were aggregated together and showed thick walls and irregu- 
larities in both size and shape; there was also a high frequency 
of nuclear aberrations with the occurrence of many bi- and 
multinucleates and micronuclei. At ear emergence, the anther 
contents had completely aborted and anthers were small and 
shrivelled. It seems likely, therefore, that male sterility was a 
major cause of floret sterility in the main shoot ears given 
treatment C. 

Dissections of ovaries did not bring to light any obvious 
effect of treatment C on the development of the embryo sac. 
But this could not be regarded as conclusive proof that female 
development was unaffected as dissecting the ovary often led to 
fragmentation of the embryo sac into its constituent cells so as 
to make accurate comparisons difficult. Further evidence was 
therefore obtained from another experiment in which the 
florets on one side of the main shoot ears of plants which had 
received treatment C were cross pollinated with pollen from 
plants grown throughout in long days. The florets on the other 
side of these ears were not cross pollinated, so that any grain 
which set would be the result of self pollination. Grain numbers 
on the self pollinated side of the ear were very low, whilst those 





Table 1 Effect of photoperiod at different stages of ear development 


L.S.D. 

Character Control A B C D P<005 
Ear number per 

plant 3.87 3.72 3.44 387 359 035 
Total number of 

grains per plant 62.87 60.25 58.9] 51.78 27.63 5.63 


Total number of 


florets per plant 97.62 95.69 92.41 101.37 91.84 8.07 
°% fertile florets per 

plant 65 63 64 5i 30 5 
°” floret fertility, 

main shoot 90 76 70 15 67 9 
% floret fertility, 

leaf 1 tiller 59 67 30 53 14 16 
°% floret fertility, 

leaf 2 tiller 68 63 70 66 5 8 
% floret fertility, 

leaf 3 tiller 56 61 77 68 6 9 


UNANADE AAAA Ei NAERAA AARAA THAR Om OE ET 

_A 2-week exposure to short days (10h) was imposed at the double 

ridge stage, A; stamen-initial stage, B; awn-initial stage, C; and the 
later stages of awn differentiation, D. 


T Nature Vol. 250 July 12 1974 







of the control 


Floret fertility asa “u 


k exposure to short days imposed 
-~@ and the later stages of awn 
‘on the fertility of the florets of 
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percentage of the control value. 


Fig. 2 The effects of 
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on the cross geil ie -side were considerably higher (Table 2). 
It seems, therefore, that the short day treatment had not 
affected the devel 
on floret fertility: 

Itis intriguing 
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xerted by the induction of male sterility. 

er why main shoot ears were affected 
ment D. It seems unlikely that the 
e to the short day stimuli during 
of the florets of the lateral ears was 
treatment. It would seem more likely 
is sensitive to short days only at 
the main shoot ears these coincided 
with the expos ort days in treatment C but not 
ment D. The ges of pollen development covered 
_. by treatment C range from mitosis of the pollen mother cells at 

‘the start of treatment to the first prophase of meiosis at the end 
-of treatment. As male and female meiosis have been shown to be 
~ synchronous in barley®, the embryo sac mother cell would have 

been at a comparable Stage at the end of the treatment period. 

-Although any stage in the span of development covered by 
treatment C could be the critical process which is sensitive to 
short days, it may prove to be the stage of premeiotic interphase 
which i$ disrupted. This phase, in which the mitotic pollen 
` mother cells are synchronised before entering meiosis, only 
occurs in male gamete formation, and it has been shown to be 
susceptible to changes in other environmental factors which 
induce varying degrees of floret sterility®-®. 

No dissections of lateral ears were carried out but it was 
observed that the general development of these was later than 
that of main shoot ears, and it is likely, therefore, that the 
development of pollen in their florets lagged behind that in the 
main shoot ears. If this occurred, then the reduction in floret 
fertility in the lateral ears*induced by treatment D, but not 
treatment C, would be consistent with the hypothesis that there 
is a stage during which pollen development is sensitive to short 
days and that this is the same for all ears. 

The drastic reduction in floret fertility caused by exposure to 
short days is a new phenomenon. The mechanism of this effect 
is not clear, but phytohormones may be involved. There is 
evidence that levels of phytohormones in plant tissues change in 














Table 2 Effects of cross-pollination with pollen from plants grown in 
long days throughout 


ener 





L.S.D. 
P: Cross-pollinated Q: Self-pollinated P<90.01 
Grain No. 
(one side of ear) 4.89 0.86 2.28 


% Roret fertility 


(one side of ear) 41.82% 7.26%% 19.24% 





The recipient plants were exposed to 2“weeks of short days at the 
awn-initial stage. The florets on one side of the ear (P) were cross 
pollinated using pollen taken from plants kept entirely in long days, 
while those on the other side (Q) were self-pollinated. Figures are the 
mean of 25 ears. 


nt of the embryo sac and that its effect ` 
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response to day length®!°, and that such substances can. affect 
floret fertility. Thus application of ethrel decreases © 
fertility in both barley’! and wheat!#, whereas gibber 
increase fertility in male sterile lines of tomato™ and ba 

The results described here imply that the use of phy 
logically induced male sterility may well be feasible in 
controlled hybridisation of barley varieties, particularly w 
a rapid assessment of heterotic combinations is needed in i 
choosing of Perens for the production of hybrid ba 3 
varieties. a 
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Fluidisation as a feeding 
mechanism in beach flies 


WE have seen groups of small (4-5 mm long) grey flies _ 
belonging to the species Lipochaeta slossonae Coquillett; — 
1896, standing, shaking and apparently feeding, or flying | 
for short distances on stretches of wet sandy beach in La | 
Jolla, California and San Felipe, Mexico. When undis- 
turbed, they walked sideways or stood and shook. their 
bodies, diagonally forward and downward, and backw: 
and upwards, at an estimated frequency of 5 s7 ve 
guessed that they were fluidising the wet sand a their = 
feet and thereby loosening some of the interstitial micro- a 
flora which could then be sucked up as a’ kind of soupe- 
This was confirmed by laboratory examination of the guts 

of several specimens, which contained the remains of large 


‘numbers of cells of dinoflagellates and diatoms. (The 


species of dinoflagellates were unfortunately unidentifiable — 
since there were no cell wall remains, but they probably 8 
belonged to the genus Amphidinium, which comprises 
some of the commonest unarmoured interstitial dinofia- 
gellates on this beach. The diatom species, however, could 
be readily identified by their silica walls. There were at 
least 10 genera, all typical of the marine interstitial com- 
munity, including various species of Navicula, Niles 
Pinnularia and Amphora.) ae 
The genus Lipochaeta has only one known specidés fe Sen 
slossonae: it is a poorly known fly, adults having- been oO 
hitherto recorded only from Florida, Texas and from 
southern and central California'®. Its larvae and pupae 
are apparently still undescribed (B. A. Foote, personal 
communication). Very little is known about its biology 








Fig. 1 Stereoscan electron micrograph taken on Cambridge 
S-4 SEM of portion of surface of clypeus, showing recurved 
hairs in bundles of 12-15. (Scale bar=10 pum.) 


apart from the fact that adults are commonly found on 
moist sand of ocean beaches. They are not strong fliers, 
but they seem to be more wary and less easily caught than 
the kelp flies present in the same habitat 

[he head, somewhat resembling that of a fish, Is 
flattened dorso-ventrally, with an almost flat ventral cly- 
peus covered by small recurved hairs grouped in bundles 
of 12-15 (Fig. 1). This is probably an adaptation for pre- 
venting wetting of the head while the fly is feeding. The 
antennae, which are extremely small and lack an arista, 
are inserted in pits spaced far apart (Fig. 2). The mouth 
parts are of the normal dipteran type except for the 
labella, which are modified to form a filtering apparatus: 
it has thickened ridges approximately 8 wm apart and 
lO wm long (Fig. 3), leaving pores of a size suitable for 
the admission of small diatoms and other algae while ex- 
cluding sand grains. Further feeding adaptations of these 
otherwise bristle-less flies? may be the long, stout spines 
along their legs and the strong apical tarsal claws which 
enable them to stand on wet sand without wetting the 
velvety hair cover of their legs and body 





Fig. 2 

ing flattened ventral clypeus, eye, and small antenna in pit. 

(Scale bar=500 ym; stereoscan electron micrograph taken 
on Cambridge S-4 SEM.) 


Lateral view of head of Lipochaeta slossonae, show- 
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Many adult ephydrids, like their larvae, are known to 
Analyses ol algae found in 


the guts of a considerable number of species are presented 


feed on MICroscopic algae 


by Deonier', who also reviewed several carlier references 
on the feeding habits and diets of adult ephydrid flies. A 
significant observation on the feeding behaviour of adult 
Scatella subeuttata (Ephydridae) is that of Brauns’, who 
refers to pressure by the anterior, boat-shaped portion of 
the proboscis as being somehow involved in the “licking” 
of food organisms from sand grains. But the phenomenon 
of sand fluidisation, which we observed in the feeding be- 
haviour of Lipochaeta, does not seem to have been reported 
elsewhere. Deonier’ merely reported that the adults of cer- 
tain species of Hydrellia (Ephydridae) “exhibit peculiar be- 
haviour while feeding, e.g., H. biloxiae rhythmically pushes 
its body up and down”, without offering further explanation 
of this unusual behaviour. Ocypodid crabs are known to 
feed on interstitial microflora by rolling wet sand into pel- 
lets with their maxillipeds and then sucking out the suspen- 
sion of fine organic detritus, including the microalgae 
Apparently some flies can exploit the same dietary niche. 





Ventral view of portion of proboscis showing ‘pores’ 
on labella and small internal teeth. (Scale bar=50 ym; 
stereoscan electron micrograph taken on Cambridge S-4 
SEM.) 


“a 3 
Fig. . 
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ISBN 0-444-99890-x 


This is a completely revised and up- 
dated English edition of a book which 
has already appeared in Hungarian 
(3rd ed.) and German (2nd ed.). It con- 
sists of four volumes, dealing with the 
physical properties of soils; with ap- 
plications in the field of foundation 
engineering, earth works and road con- 
struction; soil testing; practical ap- 
plications, case historiesprespectively. 


THE STRUCTURE OF 
THE EARTWH’S CRUST 
Based on Seismic Data 


edited by S. MUELLER, Zurich. 
Developments in Geotectonics, Vol. 8 
1974, 398 pages, 7 

US $ 38.40/Dfl. 100.00 

ISBN 0-444-41191-7 


Contains 33 papers presented at an 
International Upper Mantle Project 
(LUMP) Symposium held on July 30-31, 
1971, prior to the 1sth General As- 
sembly of the International Union of 
Geodesy and Geophysics in Moscow. 





Books in Geosciences 


~ GEOMATHEMATICS 


and geo-science 
applications 


by F. P. AGTERBERG, Geological 
Survey of Canada, Ottawa. 
Developments in Geomathematics, 
Vol. 1 

1974, 612 pages, 

US $51.90/Dfl. 135.00 

ISBN 0-444-41091-0 


CONTENTS: Mathematical models in 
geology. Review of calculus. Elemen- 
tary matrices. Geometry. Factor anal- 
ysis. Probability and statistics. Fre- 
quency distributions and functions of 
independent random variables. Statis- 
tical dependence; multiple regression. 
Trend analysis. Stationary random 
variables and kriging. Harmonic anal- 
ysis and power spectra. Powers of ma- 
trices and Markov chains. Multivariate 
stochastic process-models with applica- 
tions to the petrology of basalts. Cal- 
culation of preferred orientations from 
vectorial data. Spatial variability of 
multivariate systems. 


THEORY OF ERRORS 
AND GENERALIZED 
MATRIX INVERSES 


by A. BIERHAMMAR, Royal In- 
stitute of Technology, Stockholm, 
Sweden. 

1973, 432 pages, 87 tables, 62 illus., 
US $ 48.00 / Df. 125.00 

ISBN 0-444-40981-5 


CONTENTS: Stochastic models. Hy- 
pothesis testing. Samples. The normal 
distribution. Student’s distribution 
(computer approach). Fisher’s distribu- 
tion (computer approach). The method 
of least squares. Matrix approach. The 
central estimation theorem. The method 
of least squares (adjustment by ele- 
ment of traverses. Adjustment of tra- 
verse nets. Triangulation adjustment 
with analysis of variances. Condition 
adjustment.. Condition adjustment. 
Combined adjustment. Adjustment of 
traverses. Advanced analysis of distribu- 
tions. Variance analysis for relative 
orientation. Condition adjustment with 
unknowns, Correlated observations. The 
optimum network. Advanced estima- 
tion. The best linear unbiased estimate. 
Filtering and prediction. Non-stochastic 
methods. Numerical methods. Error 


norms. Geometrical approach to least 
squares. Appendix: General definitions 
and computational rules for matrix : 
Saiculdtions.. hart 
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NON-AGRICULTURAL 
APPLICATIONS OF 
SOIL SURVEYS | 


edited by R. W., SIMONSON, Soil 
Survey, Soil Conservation Service, “Ee 
U.S. Department of Agriculture, ai 
Washington, D.C., U.S.A. a oe! 
Developments in Soil Science, Vol. 4 a 





1973, 179 pages, 


US $ 17.30/Dfl. 45.00 
ISBN 0-444-41199-2 A 
This volume deals with five major topics ee 


of non-agricultural applications of soil. 
surveys. How information about. the © 














suburban areas has been or g 

used to avoid problems of various kinds 
is indicated. Construction using earthy 
materials in foundations, highways cha | 
dikes is discussed, The disposal of | 
liquid and solid wastes, especially from 
cities and suburbs, but also of farm 
wastes, is an additional topic. Applica- 
tions of archaeology and geology 
research, and the making and inter- 
pretation of a soil survey of a moun- | 
tainous national park are also dealt — . 
with. 


VEGETATION AND 
VEGETATIONAL 
HISTORY OF 
NORTHERN LATIN 
AMERICA 


edited by A. GRAHAM, Kent State { 
University, Ohio, U.S. A. 34 
1973, 406 pages, 43 tables, 91 illus, | 
US $ 46.15 / Dfl. 120.00 a oe 
ISBN 0-444-41056-2 


CONTENTS: The Vegetation of the | 
Antilles. A Paleoclimatic Interpretation =} 
of the Eocene Floras of Southeastern — 
North America. Geographical Rela- «- 
tionships of the Flora of Mexican Dry | 
Regions. Ecology of the Vegetation of [90 
Veracruz, The Phytogeography and | 

Vegetation of Chiapas (Mexico). The |. 

Vegetation of Panama: a Review. . 


Phytogeographic History of the Isthmus os ee 


of Panama during the Past 12,000 Years) | 

(A History of Vegetation, Climate, and fee ee 
Sea-level Change). | a a 
History of the Arborescent Temperate D a 
Element in the Northern Latin Ameri- > ae 
can Biota. Literature on Vegetational — 

History in Latin America. 


Sole distributors for the U.S.A. and Canada: 
American Elsevier Publishing Company Inc., 
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INTERSCIENCE 


INTRODUCTION TO MODERN 
LIQUID CHROMATOGRAPHY 


by L. R. Snyder, Technicon Instruments Corporation, and J. J. 
Kirkland, of E. I. DuPont de Nemours & Co. 

Blends practical details with down-to-earth theory. Begins with 
basic principles, discusses equipment and chromatographic 
columns, considers each of the four major methods, and concludes 
with related topics—choosing a method, preparative steps, 


quantitative analysis. Emphasizes rapid, high resolution 
applications. 
April 1974 552 pages £9.00 


GRADIENT LIQUID CHROMATOGRAPHY 


By Candin Liteanu, and S. Gocan, both of University of Cluj, 
Romania. 

Chromatography, the most efficient chemical separation method, 
is based on displacements of the components of a mixture at 
different rates in an open or closed column. Gradient Liquid 
chromatography adds a new dimension to the field by separating 
a series of substances having closely similar properties which, 
because of the limitations on the length of the column, cannot 
be resolved by classical methods. (E//is Horwood Series in Analy- 
tical Chemistry). July 1974 352 pages £10.50 
Published by Ellis Horwood Ltd., Chichester, and distributed 
by John Wiley and Sons Ltd. 


ACTINOMETRY, ATMOSPHERIC OPTICS, 
OZONOMETRY 


Edited by G. P. Gushchin, Voeikov Main Geophysical Observatory, 
Leningrad. 

This volurne comprises papers dealing with methods and results 
of measuring radiation balance components, spectral transmission 
of the atmosphere, UV radiation, range of visibility, and the overall 
abundance of atmospheric ozone. (Translated from the Russian). 
June 1974 206 pages £8.45 
Published by israel Program for Scientific Translations Ltd., and 
distributed by John Wiley and Sons Ltd. 


ATMOSPHERIC RADIATION STUDIES 


Edited by K. Ya. Kondratev, Voeikov Main Geophysical 
Observatory, Leningrad. 

The papers in this collection were written by staff members of the 
Department of Radiation Studies of the Main Geophysical 
Observatory and several allied institutions, and deal with radiative 
processes in the atmosphere. Results are presented of studies of 
Satellite meteorology, and the transport of short- and long-wave 
radiation in the atmosphere. (Translated from the Russian). 
dune 1974 224 pages £8.45 
Published by israel Program for Scientific Translations Ltd., 
and distributed by John Wiley and Sons Ltd. 


RESEARCH ADVANCES IN ALCOHOL AND 
DRUG PROBLEMS, VOLUME 1 


Edited by Robert J. Gibbins, Yedy Israel, Harold Kalant, Robert 
E. Popham, Wolfgang Schmidi and Reginald G., Smart, all of the 
University of Toronto and Addiction Research Foundation, 
Toronto, 

The first volume in a series that will critically review research 
from all disciplines that contributes to our understanding of drug 
and alcohol problems. Papers will deal with selected topics in 
which enough recent progress has been made to warrant a review 
or in which debate of confusion require analysis and clarification. 
June 1974 448 pages £11.70 
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LESIONS IN THE UPPER RESPIRATORY TRACT 
IN BLOOD DYSCRASIAS 


By L. V. Skurkovich, Meditsina Publishing House, Moscow. 

This monograph deals with the diagnosis, clinical aspects, and 
treatment of upper respiratory tract lesions in cases of leukemia, 
erythremia, Hodgkin's disease, hypo- and aplastic anemia, 
agranulo-cyiosis, and infectious mononucleosis. The book 
summarizes the experience of the author, acquired during many 
years of comprehensive work at hematological departments. 
(Translated from the Russian). 

June 1974 154 pages £7.50 
Published by Israel Program for Scientific Translations Ltd., 
and distributed by John Wiley and Sons Ltd. 


THE SEA: Volume 5: Marine Chemistry (The Sea) 


Edited by Edward D. Goldberg, of Scripps Institution of Oceana- 
graphy. 

Based on the work of Lars Gunnar Sillen whose quest to understand 
the chemical reactions that determine the composition of seawaters 
laid a new foundation for investigation in marine chemistry. 
Provides both an assessment of knowledge relative to the prob- 
lems proposed by Siilén and studies of unexplored realms of 
marine chemistry. 

June 1974 £21.20 


BIOLOGICAL CLOCKS IN MARINE ORGANISMS: 
The Control of Physiological and Behavioral 
Tidal Rhythms 


By John D. Palmer, New York University. 

A survey of biociock-controlied tidal rhythms—those organismic 
rhythms that persist over periods of approximately 12.4 h in 
constant conditions in the laboratory. First provides familiarity 
with the basic subject matter, then describes experiments with 
tidal rhythms and the properties derived from these laboratory 
manipulations. Finally, uses some of these properties-——ard those 
of circadian rhythms—to draw a rough sketch of the clockworks 
that underly persistent rhythms. 
June 1974 


NUTRITION AND FETAL DEVELOPMENT 


Edited by Myron Winick, Columbia University College of 
Physicians and Surgeons. 

Nine original articles focus on the most recent research conducted 
on prenatal mainutrition in both human and animai populations. 
Considers how maternal malnutrition affects foetal brain develop- 
ment and subsequent behaviour in animals, tells how in humans, 
maternal undernutrition affects the cellular growth of the placenta 
and reproduces biochemical signs of malnutrition in foetal serum 
and white cells. Given data show that many of these changes can 
be reversed by supplementing the diet of pregnant women. 
(Current concepts in Nutrition, Volume 2). 
June 1974 200 pages 


THE THEORY OF RATE PROCESSES IN 
BIOLOGY AND MEDICINE 


By Frank H. Johnson, Princeton University, Henry Eyring, 
University of Utah, and Betsy Jones Stover, Universities of North 
Carolina and Utah. 

Outlines the conceptual basis of modern reaction-rate theory—the 
theory of absolute reaction rates—and applies the net results of 
this theory to representative rate processes in biology and 
medicine in an effort to achieve a better understanding of the 
phenomena invoived. 
June 1974 
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Proof of natural selection | 


The Triumph of -the Darwinian 
Method. By M. T. Ghiselin. Pp. 287. 
(University of California: Berkeley, 
Los Angeles and London, May 1973.) 
£1.50 paper. 

In 1909, the fiftieth anniversary of the 
publication of On the Origin of Species 
and the centenary of Charles Darwin’s 
birth, two large volumes of essays 
on Darwin’s work appeared. Darwin 
and Modern Science, edited by A. C. 
Seward (Cambridge University Press) 
and Fifty Years of Darwinism (Holt, 
New York) contained essays from 
many prominent scientists. Two similar 
volumes, A Century of Darwin, edited 
by S. A. Barnett (Heinemann, London) 
and Darwin's Biological Work, edited 
by P. R. Bell (Cambridge University 
Press) appeared for the centenary of 
the Origin in 1959, Taken together, 
these four volumes represented until 
now the most comprehensive evalua- 
tion of Darwin’s scientific interests and 
their later influence. The problem is 
that each contributor to these books 
considered only one aspect of Darwin’s 
thought. Quite often, contributors dis- 
agreed tigorously among themselves 
about Darwin’s methods and signi- 
ficance. The result was a very disjointed 
appreciation of Darwin’s work. 

Now Michael Ghiselin has written a 
much needed and very different kind 
of book. He read Darwin carefully 
with the aim of elucidating the unity 
of conception in his major writings. 
Dividing Darwin’s work into the 
themes of natural histofy, geology, 
zoology, evolution, botany, and psycho- 
logy, Ghiselin convincingly demon- 
strates that Darwin approached each 
with the same general methodology. 
He also shows clearly how all of 
Darwin’s diverse biological investiga- 
tions, after he turned from geology, 
were related to his conception of 
evolution by natural selection. Thus 
the monographs on barnacles, the 
books on worms, climbing plants, and 
psychology, are seen as parts of a 
single conception. Ghiselin’s argument, 
though stretched thin in some places, 
is important and compelling. Indeed, 
the book might best be titled “The 
Unity of Darwin’s Thought”. 
= dn other ways, Ghiselin’s book es 
Jess successful. His title is drawn from 
‘answer to the question: why did 
in attain such a remarkable suc- 
-Why did he, and not others. 







write the classic works in evolutionary 
biology? After discounting intellect, 
zeal, labour, and theft from predeces- 
sors as the crucial factors, Ghiselin 
answers: “Darwin’s success may 
readily be explained by a very simple 
hypothesis which seems not to have 
occurred to his critics: he thought. 
He reasoned systematically, imagina- 
tively, and rigorously, and he criticized 
his own ideas” (page 232). In other 
words, the key to Darwin’s accomplish- 
ments was that he “applied, rigorously 
and consistently, the modern, hypo- 
thetico-deductive scientific method” 
(page 4). | 

This thesis is deficient. A great 
number of intelligent biologists have 
used the same general method and 
have not enjoyed Darwin’s success. In 
the final pages Ghiselin tempers his 
thesis by admitting that ‘“‘Darwin’s 
strength of character, his self esteem, 
and his ambition are in no small mea- 
sure responsible for his success” (page 
242); also implicated were Darwin’s 
courage, his “remarkable talent for 
judging the appropriate’, his ideals, 
and his value system. Another perhaps 
important reason why Darwin had 
greater success than his competitors 
is that he had the immense advantage 
of nearly twenty years of reflection 
and gathering of evidence when it 
came to the application of the central 
ideas of the Origin to diverse areas 
of biology. Even then he had no mono- 
poly on the idea of natural selection. 
For example, H. W. Bates, A. R. 
Wallace, and Fritz Miiller developed 
mimicry theory, which has been a main- 
stay of the theory of natural selection 
from the early 1860s to the present. 
Clearly the keys to Darwin’s success 
are more complicated than Ghiselin 
suggests in his title and major thesis. 

The picture Ghiselin paints is this: 
Darwin, exemplar of scientific virtue, 
almost singlehandedly develops the 
theory of evolution by natural selec- 
tion and applies it to many areas of 
biology. Because of stupidity, belief in 
design or final causes, religious pre- 
judices, and general lack of apprecia- 
tion of his methods and results, 
Darwin’ contemporaries and successors 
constantly misinterpret and attack the 
theory of natural selection. “To some 
extent”, admits Ghiselin, “these con- 
trary views were justified by the diffi- 
culties of the scientific problem” 
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(page 7). Only with R. A. Fisher's 
The Genetical Theory of Natural 
Selection (Oxford University Press) in 
1930 is the great part of this misinter- 
pretation cleared away, leading for the 
first time to a proper appreciation of 
Darwin’s ideas. Ghiselin, himself, is 
finishing the mop-up of Darwin’s cri- 
tics begun by Fisher in 1930, and con- 
tinued in his 1954 essay, “Retrospect 
of the Criticisms of the Theory of 
Natural Selection” in Evolution as a 
process, edited by Huxley, Hardy and 
Ford (Allen and Unwin, London). But 
this picture of the hiatus of proper 
understanding in the time between 
Darwin and Fisher is seriously mislead- 


ing. Who can believe that all the great © - n 


biologists of the late nineteenth and 
early twentieth centuries were too 
limited to understand Darwin’s theo- 
ries? August Weismann, Hugo de Vries, 
Wiliam Bateson, Wilhelm Johannsen, 
Jacques Loeb, Thomas Hunt Morgan, 
even Francis Darwin, to mention: only 
a few: how could they have failed- to 
appreciate Darwin’s theory of natural 
selection when any smart college 
student can succeed today? Something 
is wrong with Ghiselin’s analysis of 
Darwin and his critics. | | 
Here is the problem, Ghiselin be- 
lieves that the theory of natural 
selection is Darwin’s most important 
contribution to knowledge. I agree. 
Ghiselin believes further that Darwin 
presented adequate verification for 
natural selection. I disagree, along 
with Darwin’s successors. Noting that 
Darwin believed he could not see 
natural selection in action because of 
its slowness, Ghiselin refutes Darwin’s 
critics of the nineteenth century with 
this argument: 
“The problem is no longer with us, 
since the production of new species 
in the laboratory, by processes 
known to occur in nature, is a mere 
chore. However, direct abservations 
on the process of speciation were 
by no means necessary: Darwin 
answered his critics by maintaining 
that he could verify his theory in- 
directly by its implication of a large 
number of readily ascertained facts. 
Actually, the attack (upon natural 
selection) was wholly unfounded and 
most unphilosophical” (page 62). 
To this Ghiselin adds that “we have 
no ‘direct’ evidence for the truth of 
any scientific theory”, implying that 
Darwin’s critics needed no more evid- 
ence than they got, although Ghiselin 
himself invokes modern laboratory 
experiments. 
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The only examples of natural selec- 
tion in action Darwin provided in the 
Origin were, as he clearly stated, 
“imaginary” (page 90 in facsimile of 
first edition, Harvard University Press, 
1964). As even Ghiselin admits, 
Darwin’s theory of pangenesis and his 
ideas about the origin and maintenance 
of heritable variability in natural 
populations were unconvincing; yet 
natural selection depended upon an 
exact understanding of this variability. 
There was ample room for criticism 
of natural selection. One need only 
read Thomas Hunt Morgan’s 1903 
critique of Darwin, Evolution and 
Adaptation (Macmillan, New York) to 
see why an intelligent biologist could 
read Darwin carefully and still reject 
crucial aspects of his idea of natural 
selection. By reading twentieth cen- 
Ghiselin has missed the sense of his- 
tury Darwinism back into Darwin, 
torical proportion his book requires. 

Despite these criticisms, this book 
is the best available analysis of 
Darwin’s works, and it is sure to 
stimulate substantial further research. 
In addition, the book contains a wealth 
of other ideas. Ghiselin analyses 
aspects of scientific method, phil- 
osophy, religion, and history; he even 
has a comparison of human history 
with geology and palaeontology. His 
arguments are consistently bold, clear 
and provocative. Although readers will 
surely wish to challenge many of these 
arguments, they will find this carefully 
researched book a refreshing and 
stimulating change from the usual fare 
of Darwin literature. 

WILLIAM B. PROVINE 


Collisions in gases 

Partially lonised Gases. By M. Mitch- 
ner and Charles H. Kurger jun. Pp. 
518. (Wiley Series in Plasma Physics.) 
(New York and London: Wiley—Inter- 
science, November, 1973.) £12.50. 


THis book is concerned with the 
theory of collision-dominated plasmas 
and its application to practical engineer- 
ing problems, particularly magneto- 
hydrodynamic (MHD) energy conver- 
sion, It can be used as a text for 
graduate level courses of different 
emphases, by choosing appropriate 
parts of the nine chapters. The authors 
have taught the material in this way 
and make suggestions based on their 
experience in the introductory chapter. 
Chapter 2 begins the book proper, 
introducing the physical concepts 
needed to understand collisional and 
radiative processes. More than twenty 
graphs for selected collision cross- 
sections as a function of energy are 
given at the end of the chapter, so 
that the order of magnitude of many 
cross sections not included can be 
estimated from this collection. 


Chapter 3 deals in more detail with 
plasmas at rest and has a section on 
diagnostics, which unfortunately in- 
cludes the erroneous statement that 
ion temperatures can be deduced from 
probe curves. The references quoted 
would correct this. The magnetohydro- 
dynamic equations of motion are de- 
rived in chapter 4, after particle motion 
in combined static E and B fields has 
been discussed. This leads to a treat- 
ment of MHD power generation and 
other phenomena in flowing magnet- 
ised plasmas. 

Collision theory as applied to elastic 
collisions in plasmas is described in 
chapter 5, where Coulomb scattering 
and three-body recombination appear. 
Radiation from plasmas is treated in- 
structively on a semi-classical basis in 
chapter 6. A more formal treatment 
of elastic collisions on the basis of a 
fuller kinetic theory appears in chapter 
7. The Cartesian-tensor expansion of 
the Boltzmann equation is introduced 
here and applied in chapter 8 to the 
calculation of transport coefficients for 
plasmas of all degrees of ionisation. 

Inelastic collisions, which determine 
the degree of ionisation, are considered 
in chapter 9 on ionisational non-equi- 
librium. Departures from the Saha 
equation due to escape of radiation 
from steady-state plasmas are dis- 
cussed, as are non-Maxwellian distribu- 
tions and flowing plasmas. 

The material is clearly presented; 
obviously this textbook has grown out 
of genuine efforts to teach. A fine 
selection of numerical examples 1s pro- 
vided with each topic, and a multitude 
of references after each chapter. This 
makes the book useful as a guide to 
the original work. Beginners in the 
field of high temperature gas dynamics 
would be helped by the discussion of 
techniques for carrying out useful 
approximate calculations, and by the 
data presented in graphical and tabular 
form throughout the book. 

The book is well printed and bound 
-though my copy contains some 
optically thin pages-—and the diagrams 
are excellent. P. F. LiTTLE 


Reproductive handbook 


Female Reproductive System. Edited 
by R. O. Greep. Part 1: pp. 658; part 2 
pp. 375. (Handbook of Physiology: A 
Critical Comprehensive Presentation of 
Physiological Knowledge and Concepts. 


Section 7: Endocrinology: Vol 2.) 
(American Physiological Society: 
Washington DC; Distributed by 
Williams and Wilkins, Baltimore, 


1973.) Part 1; $44.50; part 2; $25.00. 


Tus latest volume of the American 
Physiological Society’s “Handbook of 
Physiology” maintains the very high 
standard of its predecessors. Roy Greep 
has obtained a galaxy of stars to write 
the 50 chapters on central nervous 
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system-pituitary-ovarian interrelation- 
ships, effects of hormones on sexual 
behaviour, ovary, female reproductive 
tract, pregnancy, immunoendocrino- 
logy, and fertility control. Greep’s 
approach might appear somewhat paro- 
chial in that only four of the chapters 
have been written by authors not 
attached to North American labora- 
tories, but it is a pity that his modesty 
prevented the addition of a chapter 
under his own authorship. 

The various sections made very sti- 
mulating reading, though the chapters 
on, for example, the biosynthesis of the 
ovarian steroids inevitably provided 


_ heavier reading than did other chapters. 


In general, although each chapter over- 
flows with pertinent information, the 
provision of facts has not been per- 
mitted to obliterate the fundamental 
concepts that are discussed. As an ex- 
cellent example of this I would cite 
Joan Hoffmann’s chapter on “The In- 
Aluence of Photoperiods on Reproduc- 
tive Function in Female Mammals” in 
which she lucidly introduces her subject 
and then continues, to produce a clear 
diagrammatic summary of the possible 
interplay in the rat of photoperiodic 
inputs, hormone levels, and neural 
thresholds to permit, or otherwise, the 
pre-ovulatory surge of luteinising hor- 
mone. Richard Michael’s chapter on 
“The Effects of Hormones on Sexual 
Behavior in Female Cat and Rhesus 
Monkey” is equally entertaining, though 
it was noticeable that one quarter of 
the 205 references came from Michael's 
own publications. g 

The high standard of production of 
this volume is reflected in the excellent 
reproduction of all figures. This stan- 
dard of illustration is particularly of 
note in the chapter by S. R. M. Rey- 
nolds on “Blood and Lymph Vascular 
Systems of the Ovary” and the chapter 
by Arthur Hertig and Barbara Barton 
on “Fine Structure of Mammalian 
Oocytes and Ova”. 

I would quibble, though, with the 
use of numbers in the text instead of 
authors’ names to indicate references. 
References are, however, now quoted 
with full titles, which is an improve- 
ment since the handbook first appeared 
in 1959. Inevitably, reference could in 
general only be made to works pub- 
lished up to early 1971, and, as a result, 
some areas of current interest such as 
those of releasing factors or prosta- 
glandins are not up to date nor given 
much coverage. 

1 would, however, recommend une- 
quivocally that anyone working in the 
field of reproductive physiology should 
invest in this volume. It certainly fulfils 
the stated intention of providing a 
reference ‘bible’ for predoctoral study, 
for preliminary orientation in prepara- 
tion for research, and for preparation 
of lectures. BAREND TER HAAR 
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obituary 


I. Lakatos 


IMRE Lakatos, Professor of Logic 
at the London School of Economics, 
was born in Hungary in 1922 and died 
suddenly in London on February 2, 
1974. He was a forceful and original 
thinker, with an equally forceful and 
original personality. His chief contri- 
‘butions lay in the philosophy and his- 
tory of mathematics and of the physical 
sciences. To those who found the com- 
bination of philosophy with history a 
Strange one, Lakatos replied (para- 
phrasing Kant), “Philosophy of science 
without history of science is empty; 
history of science without philosophy of 
science is blind”. 

Most people think that the history 
of mathematics, while a legitimate 
object of curiosity, is not essential to 
the understanding or philosophical 
evaluation of mathematics itself. In 
mathematics, they say, we begin with 
axioms and definitions, and prove 
theorems from them. But Lakatos 
asked how the axioms and definitions 
came to be proposed, and how the 
proofs came to be discovered. Answer- 
ing these questions led him into the 
territory of mathematical discovery or 
mathematical heuristics. It is a strange 
territory, where theorems get proved 
and then refuted, where the theorem 
and its proof get elaborated to deal 
with the refutation, refuted again, and 
once more elaborated, until in the end 
something like an axiomatic theory 
emerges. Lakatos’s brilliant ‘Proofs and 
Refutations’ (Br. J. Phil. Sci., 1963) is 
a case study of this procese. Its dialogue 
form is no accident, for according 


to Lakatos, mathematical discovery is 
brought about, essentially, by critical 
debate. The dialogue sparkles, and 
comes nearer than any of Lakatos’s 
writings to capturing the unique style 
of the man. 

Working mathematicians who, after 
all, inhabit these regions may find Laka- 
tos’s topography of them familiar. And 
yet the mathematics student is still 
confronted with long and complicated 
‘definitions’, which may be the end 
product of centuries of trial and error, 
and expected to understand them with- 
out knowing their history. All he can 
do in this situation is memorise the 
definitions parrot fashion. The impli- 
cations of Lakatos’s work for the teach- 
ing of mathematics have yet to be ex- 
plored. 

Philosophers of mathematics have a 
different reaction to Lakatos’s work. 
They insist that what he describes ts 
only the murky preamble to the placing 
of mathematical results on a firm, 
rigorous and certain foundation. They 
see nothing in it to alter their view, 
held since Plato, that mathematics is 
the repository of absolutely certain 
knowledge. In another important 
paper, ‘Infinite Regress and the Foun- 
dations of Mathematics’, (Aristotelian 
Soc., supplementary volume, 1962) 
Lakatos examined the most recent 
aitempts to provide secure foundations 
for mathematical theories (Frege, 
Russell and Hilbert). He showed that 
all these failed, but failed gloriously: 
their so-called ‘foundations of mathe- 
matics’ actually turned out to be new 
and exciting mathematical theories 
(mathematical logic, set theory, and 


recursive function theory, respectively). 

Much of this carries over to 
Lakatos’s more recent work in the 
philosophy and history of the physical 
sciences. Here, of course, Lakatos was 
heir to the critical philosophy of 
science of Sir Karl Popper. (Indeed, 
his philosophy of mathematics is in 
some respects an extension of Popper’s 
views to mathematics, an extension 
which Popper himself never made but 
later welcomed.) Lakatos developed 
Popper’s philosophy of science in two 


directions. One was the emphasis upon = 


the importance of history for the 
rational evaluation of scientific theo- 
ries. He insisted, against the dominant 
view in this field, that scientific con- 
tributions cannot be appraised inde- 
pendently of the historical develop- 
ment which produced them. His second 
main interest was in whether a critical 
philosophy of science, which eschews 
any firm foundations for scientific 
knowledge, can avoid scepticism and 
irrationalism. His ‘methodology of 
scientific research programmes’ was an 
attempt to show that it can. In it, he 
was sharply critical of both the irration- 
alist tendencies he detected in recent 
writers (notably Thomas Kuhn) and of 
some features of Popper's own views. 
Like all original work, Lakatos’s 
work raised more questions than it 
answered. He still had much to teach 
us about these questions, for he died 
at the height of his powers. All that 
remains is to hope that his unpublished 
work, which is considerable, will 
appear, and that the students he in- 
spired will continue the ‘research 
programme’ which he initiated. 





Announcements 


Awards 

Graham Higman has been awarded the 
De Morgan Medal and Paul M. Cohn 
the Senicr Berwick Prize of the London 
Mathematical Society (corrected an- 
nouncement). 


Cecil A. Hoare has been awarded the 
Manson Medal and Alister Voller the 
Chalmers Medal of the Royal Society 
of Tropical Medicine and Hygiene. 
Appointments ° 
David Robinson has been appointed 
_ Professor of Food Science at the Uni- 
. versity of Leeds. 


R. E. Cotten, B. D. Edwards, J. A. 
Scott and G. K. Williamson have been 
awarded Special Professorships at the 
University of Nottingham. 


Erratum 


In the article “Aftershocks caused by 
the Novaya Zemlya explosion on 
October 27, 1973” by Hans Israelson, 
Ragnar Slunga and Ola Dahiman 
(Nature, 247, 450; 1974) the distance 
scale in Fig. 1 should read 500 km. See 
also Nature, 248, 712; 1974. 


International meetings 

September 30-October 2, Ist Annual 
Philadelphia Symposium on Ageing (Dr 
Richard CŒ. Adelman, Fels Research 


Institute, 3420 North Broad Street, 
Philadelphia, Pennsylvania 19140). 


October 1-4, 2nd International Collo- 
quium on the Exploitation of the 
Oceans (Association pour Organisation 
de Colloques Océanologiques à Bord- 
eaux, B.P. No. 315-16, 75767 Paris, 
Cedex 16, France). 


October 3-9, 14th International Con- 
gress of Pediatrics (Sr Secretario Gen- 
eral, XIV Congreso Internacional de 
Pediatria, Casilla de Correo 3177, 
Buenos Aires, Argentina). 


October 7—14, ist International Collo- 
quium on Physical and Chemical In- 
formation Transfer and Regulation of 
Reproduction and Ageing (Dr J. G. 
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Vassilleva-Popova, Secretary General, 
The First Colloquium on Physical and 
Chemical Information Transfer and 
Regulation of Reproduction and Age- 
ing, Department of Biophysics, Bul- 
garian Academy of Sciences, 13 Sofia, 
Bulgaria). 


October 20-26, 26th International Con- 
gress of Physiological Sciences (Secre- 
tariat, 26th International Congress of 
Physiological Sciences, New Delhi 1974, 
Department of Physiology, All India 
Institute of Medical Sciences, Ansari 
Nagar, New Delhi 110016, India). 


October 20-26, llth International 
Cancer Congress (General Secretariat, 
Eleventh International Cancer Con- 
gress, Via G. Venezian, | 20133 Milan, 
Italy). 


October 21-23, 4th Conference on 
Chemical and Molecular Lasers (Dr 
W. Q. Jeffers, McDonnell Douglas Re- 
search Laboratories, PO Box 516, St 
Louis, Missouri 63166). 


October 21-25, 25th Annual Session 
American for Laboratory Animal 
Science (Mr Joseph J. Garvey, Execu- 
tive Secretary, AALAS, 2317 W. Jeffer- 
son Street, Suite 208, Joliet Illinois 
60435). 


October 23, Recent Advances in Ultra- 
violet and Visible Radiation Effects on 
the Skin (Dr C. Ramsay, Department 
of Photobiology, Homerton Grove, 
London E9 6BX). 


October 23-26, College Park Colloquia 
on Chemical Evolution: Chemical 
Evolution of the Giant Planets (Dr 
Cyril Ponnamperuma, Laboratory of 
Chemical Evolution, Department of 
Chemistry, University of Maryland, 
College Park, Maryland 20742). 


October 31—November 2, Communica- 
tion and Control in Social Processes 
(American Society for Cybernetics, 
Suite 530, 1130 Seventeenth Street, NW, 
Washington DC 20036). 


Reports and Publications 


Great Britain 


Department of Energy. Production and Reserves 
of Oi and Gas in the United Kingdom-—a Report 
to Parliament by the Secretary of State for Energy, 
May 1974. Pp. 27. (London: HMSO, 1974.) 32p 
net. {225 

The Common Sense of Concorde, Pp. 24. (Wey- 
bridge, Surrey: British Aircraft Corporation, Ltd.. 
1974.) gratis. {235 

The British Industrial Biological Research Asso- 
ciation. Annual Report for 1973. Pp. 56 + 7 plates. 
(Carshalton: The British Industrial Biological Re- 
search Association, 1974.) {235 

Philosophical Transactions of the Royal Society 
of London. A: Mathematical and Physical Sciences. 
Vol. 276, No. 1260: Thermo-mechanics of Rubber- 
like Materials. By P. Chadwick. Pp. 373-403. 
(London: The Royal Society, 1974.) {235 

Research Into Tertiary Science Education. (A 
selection of papers from the Conference on Tertiary 
Science Education held at Thames Polytechnic, 
December 1972.) Introduced and arranged by the 
conference organisers, David E. Billing and John R. 
Parsonage. Pp. 100. (London: Society for Research 
into Higher Education, 1974.) £2.60. (245 


Research Using Transplanted: Tumours of Lab- 
oratory Animals: a Cross-Referenced Bibliography 
—Z, By D. C. Roberts. Pp. 224. (Mill Hill, Lon- 
don: Research Data Unit, Imperial Cancer Research 
Fund, 1974. {245 

The International Review of Psycho-Analysis, 
Vol. ft, Parts 1+2. Edited by Joseph Sandler in 
association with M. Masud R. Khan. Pp. 1-256. 
Published quarterly. Subscriptions. Annual subscrip- 
tion £8.50 (Canada and USA $22.50), single parts 
(current volume only) £3.50 (Canada and USA $9). 
This double issue £7 or $18. (London: Bailliére 
Tindall, 1974.) {305 

Agricultural Research Council, Letcambe Lab- 
oratory, Wartage--Annual Report for 1973. Pp. 
vi + 94. (London: HMSO. 1974.) £1.33. {305 

Philosophical Transactions of the Roval Society 
of Londen. A: Mathematical and Physical Sciences. 


Vol. 276, No. £261: Energy in the §980s-—-a Dis- 
cussion organised by Sir Peter Kent, FRS. Pp. 


405-620, (London: The Royal Society, 1974.) a 
{305 

Biomedical Mass Spectrometry, Vol. 1 No. i, 
February 1974. Edited by Dr. Brian Millard and 
Professor Catherine Fenselau. Pp. xviii + 1-82. 
Subscription:~ Vol. E (6 issues)--£25; $65; DM 
175.000. (London: Hayden & Son Ltd. 1974) [315 
Public Health Laboratory Service. Monograph 
Series No. & Laboratory Methods I. By Joan R. 
Davies, E. J. G. Glencross, J. Marks, C. D. Plows 
and M. E. M. Thomas. Pp. vii + 35. (London: 
HMSO, 1974.) 50p net. {36 
The Age of Scarcity? By Sir Alan Cottrell. 
(Eleventh Sir Julius Wernher Memorial Lecture of 
the Institution of Mining and Metallurgy delivered 
on 4th June, 1974. on the occasion of the “Minerals 
and the Environment’? Symposium.) Pp. 4. Lon- 
don: Institution of Mining and Metallurgy, ie 
3 


Bulletin of the British Muscum (Natural History). 
Entomology. Vol. 29, No. 8: Revisional Notes on 
African Charaxes (Lepidoptera: Nymphalidac), Part 
IX. By V. G. L. van Someren. Pp. 415-487 + 18 
plates. (London: British Museum (Natural History}. 
1974.) £9.95. 66 

Rowett Research Institute. 
Studies in Animal Nutrition and Aled Sciences. 
Vol. 29, 1973. Pp. 146. (Bucksburn, Aberdeen: 
Rowett Research Institute, 1974.) 80p, $2. {66 

The Computer: The Challenge for Science and 
Society By Professor S. J. Goldsack. {Inaugural 
Lecture, 5 June 1973. Pp. 163-181 (London: 
Imperial College, 1974.) 75p. 66 

Heart Drugs: The Chemical Control 
Function, Pp. 14. New Protein. Pp. 16. Anti- 
bacterials: The Chemical Control of Infectious 
Diseases. Pp. 16. (London: Imperial Chemica! In- 
dustries, Lid., 1974. Two copies of each tile can 
be obtained price £1 from The Kynoch Press, 
Thames House North, Millbank, London, SWIP 
4QG } 166 

A Natural History of Loch Lomond. Pp. 112. 
(Glasgow: University of Glasgow Press, 1974.) 50p BEE 

{76 

Working with Radiation. Pp. 32. (Risley, Warrington: 
Public Relations Department, British Nuclear Fuels, 
Ltd., 1974.) 76 

Provisional Atlas of the Amphibians and Reptiles of 
the British Isles. Edited by Henry R. Arnold. Pp. 4 + 15. 
{Abbots Ripton, Huntingdon: Biological Records 
Centre, Monks Wood Experimental Station, 1973.) 7 


Annual Report of 


of Heart 


Microbial Protein Production for Developing 
Countries. Pp. 134 (Reading: Tate and Lyle, Ltd., 
Group Research and Development, 1974.) {76 

Environmental Heaith Engineering in Hot Climates 
and Developing Countries. (Proceedings of the Two 
Day Conference held in the Department of Civil 
Engineering, Loughborough University of Technology, 
September 1973.) Edited by John Pickford. Pp. 107 
(Loughborough: John Pickford, Department of Civil 
Engineering, University of Technology, 1974.) £3. [106 

The Work of Aslib for the year ended December 
1973. Pp. 56. (London: Aslib, 1974.) {106 

Science Research Council. Computer Networks. Pp. 
22. (London: Science Research Council, 1974.) {106 

Science Research Counci. Greenwich Time Report. 
Royal Greenwich Observatory Time and Latitude 
Service, 1973, July-September. Pp. 369-394. (London: 
Science Research Council, 1974.) [106 

University of Bristol, Department of Agriculture and 
Horticulture Report of the Long Ashton Research 
Station (The National Fruit and Cider Institute) for 
1973. Pp. xxii + 213 {Long Ashton, Bristol; Long 
Ashton Research Station, 1974.) £1.75. {116 


Other Countries 


United States Department of the Interior: 
Geological Survey. Professional Paper 783: 
Oligocene Stratigraphy, Tectonics, and Paleo- 


geography Southwest of the San Andreas Fault, 
Santa Cruz Mountains and Gabilan Range, 
California Coast Ranges. By Joseph C. Clark 
and Jan D. Rietman. Pp. iii + 18. (Washington, 
DC: Government Printing Office, 1973.) ae 
j 

CERN—European Organization for Nuclear 
Research, CERN 74-7: Calcul Numerique des 
Derivees Partielles Successives des Fonctions de 
Deux et de Trois Variables—Applications au De- 
veloppement de Taylor-Maclaurin. Par J. F. 
Barthelemy. Pp. v + 41. (Geneva: CERN, Vee 

National Research Council of Canada. Asso- 
ciate Committee on Scientific Criteria for En- 
vironmental Quality. Report No. 1 of the 
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Subcommittee on Biological Phenomena: Problems 
and Selection of Topics for Compilation of 
Cause/Effect Data. Compiled by C. Quadling, 
R. M. D. Sutton and N, Khan. Pp. 3L (Ottawa: 
NRCC, 1973.) {165 
Royal (Ontario Museum. Domestication of the 
Carp Cyprinus carpio L, By Eugene K. Balon. 
Pp. 37. Life Sciences Contribution No, 97: A 
Revision of the Longipinnate Ichthyosaurs of the 
Lower Jurassic of England, with Descriptions of 
Two New Species (Reptilia: Ichthyosauria). By C, 
McGowan. Pp. 37. $1.50. (Toronta: Royal uo 
i6 


Museum, 1974.) 
Report of the International Pilot Study of 
Schizophrenia. Vol. i: Results of the Initial 


Evaluation Phase. Pp. x + 427. (Geneva: WHO, 


London: HMSO, 1973.) Sw fr. 56. 1165 
United States Department of the — Interior: 
Geological Survey. Water-Supply Paper 1757-L: 


Aquifers in the Sokoto Basin, Northwestern Nigeria, 
with a Description of the General Hydrology of 
the Region. By Henry R. Anderson and Wiliam 
Ogitbee. Pp. v + 79 + plates 1-H, (Washington, 
DC: Government Printing Office. 1973.) $6.75. {175 

Contributions to the Geology of Suriname, 3. 
Pp. 139. (Paramaribo, Suriname: Geologisch Mijn- 


bouwkundoge Dienst, 1974.) {205 

United States Department of the Interior: 
Geological Survey. Bulletin 1304-C Gastineau 
Channel Formation, a Composite Glaciomarine 


Deposit Near Juneau, Alaska. By Robert D. Miller, 
Pp. iii + 20. 38 cents. Water-Supply Paper 1939-E: 
Geohydrology and Water Resources of the Tucson 
Basin, Arizona By E. S. Davidson. Pp. iv + 8i + 
plates 1~7. $6.40. (Washington, DC: Government 
Printing Office, 1973.) 1215 

Limits to Growth? A Study by the Ad Hoc 
Committee on World Dynamics. Pp. 40. (Weiling- 


ton: The Royal Society of New Zealand, 1973.5 
$1.50. . {215 
Gesellschaft fur Strahien-und Umweltiorschune 


GmbH. Munchen. Jahresbericht 1973, Kurzfassung. 
Pp. 236. (Munchen: Gesellsechafi fur Strahlen-und 
Umweltforschung GmbH., 1974.) {215 

Office de fa Recherche Scientifiquc ct Technique 
Outre-Mer, Paris et Bondy. Travaux et Documents 
de TORSTOM, No. 27: Le Gisement de Vertébrés 
du Phnom Loang (Province de Kampot, Cambodge), 
Faune Piéistocéne Moyen Terminal (Loangien). Par 
M. Beden et C. Cuérin. Pp. 97. (Paris et Boncy: 
Office de la Recherche Scientifique ei Technique 
Outre-Mer, 1973.) 30 francs. {2258 

Smithsonian Contributions to the Earth Science. 
No. 12: An Atlas of Volcanic Ash. By Grant 
Heiken. Pp. iv + 101 (33 plates). $2. Smithsonian 
Contributions to Zoology, No. 160: Systematics of 
the Subterranean Amphipod Genus Styvgobromus 
(Gammaridac}), Part E Species of the Western 
United States. By John R. Holsinger. Pp. ii + 63. 


$1.45. (Washington, DC: Smithsonian Institute 
Press, 1974. For sale by US Government Prinung 
Office.) 1235 


Exploring Energy Choices--a Preliminary Report 
of the Ford Foundation’s Energy Policy Project. 
Pp 81. (Washington, DC: The Ené@rgy Policy 
Project. P.O. Box 23212, 1974.) 75 cents. {235 

United States Department of the — Interior: 
Geological Survey Water-Supply Paper 1989: Water 
Resources of the Litth: River Basin, Louisiana. By 
M. W. Gaydon, J. E. Rogers and R. P. Smith. 
Pp. iv + 74. $3.18. Professional Paper 384-C: 
The Disintegration of the Wolf Creek Meteorite 
and the Formation of Pecoraite, the Nickel Analog 
of Clinochrysotile. Pp. vi + 107~135, $1.30. (Wash- 


ington, DC: Government Printing Office, 1973.) 
{235 
United States Department of the Interior: 


Geological Survey. Bulletin §331-C: Petrography 
and Stratigraphy of Glacial Drift, Mesabi-Verm- 
lion Tron Range Area, Northeastern Minnesota. By 
T. C. Winter, R. D. Cotter and H. L. Young. 
Pp. iv + 4i + 2 plates. $2.25. Bulletin 1372-1: 
New Cretaceous Formations in the Western Wyom- 
ing Thrust Belt. By Wiliam W. Rubey. Pp. ii + 
35. 50 cents. (Washington, DC: Government Print- 
ing Office, 1973.) [245 
Canada: Ministry of State-—Science and Technology. 
Directory of Research and Development Establish- 
ments in Canadian Industry. Pp. 207. (Ottawa: Infor- 
mation Canada, 1974.) 76, 
Bibliography of Society, Ethics and the Life Sciences 
1974 edition. Compiled by Sharmon Sollitto and 
Robert M. Veatch. Pp. 92. (Hastings-on-Hudson: 
Institute of Science, Ethics and the Life Sciences, 1974.) 
76 


BC Research. 30th Annual Report, 1973. Pp. 24. 
(Vancouver: BC Research, 1974.3 = {76 
CERN-European Organisation for Nuclear 
Research. CERN 74-il: Dynamic Orientation of 
Nuclei at Low Temperatures——a Study of the Mecha- 
nisms of Dynamic Polarization in Polarized Targets. 
By W. de Boer. Pp. 76. (Geneva: CERN, 1974.) [76 
Australia: Commonwealth Scientific and Industrial 
Research Organization. Annual Report of the Division 
of Atmospheric Physics, 1972/1973, Pp. 34. (Meibourne: 
CSIRO, 1974.) {106 
_ Australian Journal of Zoology. Supplementary Series. 
No. 24: A Revision of the Scarabacine Dung Beetles of 
Australia. If. Tribe Scarabaeini. By E. G. Matthews. 
Pp. 211. No. 26: Revision of the Subgenus Callohesma 
Méchener (Apoidea: Colletidae), By Elizabeth M. Exley. 
Pp. 58. (East Melbourne: Editorial and Publications 
Service, CSIRO, 372 Albert Street, 1974.) _ [106 
Publications du Centre National pour igo pete 
des Oceans, CNEXO. Resultats de la Compagne 
Cineca-Charcot | (22 Janvier-15 Fevrier 1971), Ouvrage 
mis au point par A. Thiriot. Pp. 188. (Paris-Cedex: 
CNEXO, 1974.) {106 
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Classified Advertisements 


CONDITIONS. Ali advertisements will only 
be accepted on the condition that the advertiser 
warrants thart the advertisements do mot in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher. also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to himar his absolute 
discretion and without explanation. All advertise- 
mants must comply with the British Code of 
Advertising Practice. 
“The Publishers will not be Hable for any loss 
octasioned by the failure of any advertisement to 
appear fram any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes, 
Semi-displayed £3.60 per 10 mm. Minimum £7.29, 
each additional 2 mm 72p, Full page £230.00, Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number, 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scorr and Son, Limited, | Clement’s Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Texctualist, London, W¥.C.2, 





APPOINTMENTS VACANT 


DIRECTOR 
The Jackson Laboratory invites applications for 
the position of Director of the Laboratory, which 
will become open on October 1, 1975. Qualified 
applicants are mvited to submit a curriculum vitae 
and summary of experience to one of the following: 

Dr James D. Ebert, Chairman, Search Com- 
mittee, Marine Biological Laboratory, Woods 
Hole, Massachusetts 02543, 

Dr James F. Crow, Member, Search Committee, 
Department of Medical Genetics, University of 
Wisconsin, Madison, Wisconsin 53706; 

Dr Douglas L. Coleman, Secretary, Search Com- 
mittee, The Jackson Laboratory, Bar Harbor, 
Maine 04609. 

AN EQUAL OPPORTUNITY EMPLOYER. 

(3) 








POSTDOCTORATE FELLOW IN 
IMMUNOGENETICS 


Biochemist/Immunochemist with Ph.D. degree 
needed ta work on the genetics of man’s immune 
response toward limiting doses of naturally inhaled 
protein antigens (highly purified components of 
pollens, ete.}. Opportunity to join a group which 
has had 4 years experience in this new research 
area. Excellent facilities and stimulating environ- 
ment. Candidate must have a sound background 
in protein purification and characterisation, Ex- 
perience in radioimmunoassay and leukocyte culture 
techniques advantageous. Demonstrated creativity in 
previous research essential. Send detailed curriculum 
vitae, list of publications and names of two referees 
to: Dr David G. Marsh, Johns Hopkins University 
School of Medicine at Good Samaritan Hospital, 
ya Raven Boulevard, Baltimore, Maryland 


Equal Employment Opportunity Employer M/F. 
{92} 





UNIVERSITY OF RBADING 
DEPARTMENT OF CHEMISTRY 
RESEARCH DEMONSTRATORS 


required in inorganic and physical chemistry from 
October i, 1974. for three year appointment, Can- 
didates should have a good Honours Degree in 
Chemistry, or equivalent qualifications. Demonstra- 
tors help supervise practical classes and undertake 
research leading to a higher degree (M.Phil or 
Ph.D}. Salary in the scale £1,046 x 51 to £1,149 
pa. (Under review). Apply to Professor G. W. A, 
Fowles, Department af Chemistry, University of 
Reading, Whiteknights, Reading, from whom 
further information about research topics can be 
obtained, (Ret: T $2.) (147) 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
FACULTY OF MEDICINE 


A new medical school in Canada is expanding 
its faculty and will make post-doctoral and 
faculty appointments in the field of Human 
Biochemical Genetics. Candidates must be pre- 
pared to work on human biochemical variation 
in the context of collaborative population studies 
though this does not preclude the pursuitg of 
iher research interests. Interested individuals 
should submit applications accompanied by a 
detated curriculum vitae to Dr K, Roberts, 
Associate Dean for Basic Medical Sciences, 
Memorial University of Newfoundland, St John’s, 
Newfoundland, AIC 557, CANADA. (152) 


Canada 


iv 


Public Service 


THIS COMPETITION IS OPEN TO BOTH MEN AND WOMEN 


RESEARCH SCIENTISTS 


Fonction publique 
Canada 





Salary up to: $24,262 


Department of Environment, St. John’s, Newfoundland 


The Newfoundland Biological Station requires two scientists for research into the biology 
and population dynamics of pelagic fishes of the Newfoundland-Labradur area. 


DUTIES : 


noe participating in planning, initiating and implementing field and laboratory studies, 
oon - analyzing data and interpreting results for presentation in report of screnufic manu- 


script form; 


- keeping abreast of developments in fisheries research; 
“ ~ assigning duties to and supervising technical staff. 


QUALIFICATIONS : 


include a Doctorate degree, or a desser degree with related 


independent research ex- 


perience equivalent to that required for a Doctorate degree, with experience in an area 
related to the duties of the position, Good health and physical condition with ability 
to work at sea. Knowledge of the English language is essential for this position. 


APPLICATIONS : 


Curriculum vitae ar ‘‘Apptication 


no later than AUGUST 6, 1974 to 
THE MANAGER 


NEWFOUNDLAND PERSONNEL OFFICE 
DEPARTMENT OF ENVIRONMENT 


P.O. BOX 5300 


ST. JOHN'S, NEWFOUNDLAND. 
Please quote competition number; 74-100-31, 44 ( j m all correspondence. 
Appointments as a result of this competition are subject to the provisions of the Public 


Service Employment Act. 


POST DOCTORAL 
RESEARCH APPOINTMENT 


The Forestry Commission offers a period appointment for 3 years for 
research work in the Physiology Branch at their Northern Research 


Station, Roslin, Midlothian. 


Subjects 


(a) To investigate the internal and environmental control of root 


initiation in conifers. 


(b) To develop early-test methods—-physiological screening techniques, 
for testing the characteristics of trees while still at the seedling stage. 


Qualifications 


Ph.D. in plant physiology or other plant science. 


Age 


i for Employment’ l 
university transcripts and the names and address of three referees should be forwarded 


form, accompanied by compete 


(160) 





Under 30 years on December 31, 1974. 


Salary 


Negotiable, within the range for Scientific Officer (£1,435 to £2,329) or 
for Higher Scientific Officer (£2,221 to £2,854)—depending on qualifications 


and experience. 


Closing date for Applications 


Application forms and further details may be obtained from Mr. F. M. 
Muggridge, Forestry Commission, Priestley Road, Basingstoke, Hants RG24 


9NS. Completed application forms should be returned not later a J 


31, 1974. 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF MATHEMATICS 


SEMICONDUCTOR THEORY 


Applications are invited from recent graduates 
for a RESEARCH STUDENTSHIP and from per- 
sons completing postgraduate work (M.Sc. or 
Ph.D.) for a RESEARCH ASSISTANTSHIP. The 
work involves the application of quantum mech- 
anics and statistical mechanics to problems of re- 
combination m semiconductors with special 
reference to device physics (solar celis, light emit- 
ting diodes, etc). 

A good honours degree in mathematics, physics, 
engimvcring or equivalent is essential. 

Please apply as soon as possible giving name 
of one referee to Academic Registrar, The Uni- 
versity of Southampton 509 5NH. (153) 


uly 
61) 


UNIVERSITY OF MANCHESTER 
RESEARCH ASSISTANT 
DEPARTMENT OF CHILD HEALTH 


Applications are invited from suitably qualified 
recent graduates for this post with a mnultidisci- 
plinary research group concerned with growth and 
development of the brain. The Research Assistant 
will help with the management of biochemical, 
animal behavioural and clinical laboratories for 
which previous experience is not essential, Oppor- 
tunities exist to prepare for a higher degree. Salary 
range p.a. £1,569-£1,791 (£1,758-£1,980. . from 
October ist.). Further particulars and application 
forms (returnable by July 15th) from the. Registrar, 
The University, Manchester, M13 9PL. Quote ref: 
149/74/N, (169) 
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PHARMACEUTICAL 
RESEARCH AND 
DEVELOPMENT 


career 


diseases. 


Our extensive research and development labor- 
atories at Loughborough offer an excellent 
opportunity for 
interested in contributing to our current research 
programme into respiratory and cardiovascular 


young graduates 


These posts would particularly suit a recent 


graduate with a good honours degree or equiv- 
alent in pharmacology or pharmacy and the 
enthusiasm and ability to carve out a successful 


career in 


environment. 


a large, 


progressive research 


An attractive competitive starting salary will be 
offered and excellent conditions of employment 
include a full range of fringe benefits and 
opportunities for movement and advancement 
throughout our R and D function. 


Please write with brief details of qualifications 
held or expected, and information concerning 
research activities to date: 


A.B. Johnston, Fisons Limited, Pharmaceutical 


Division, Bakewell Road, 
sous” ZA ASONS 
Leicestershire, 


UNIVERSITY OF RIYADH MEDICAL SCHOOL 
SAUDI ARABIA 
(IN ASSOCIATION WITH THE UNIVERSITY OF LONDON) 


Applications are invited from male honours graduates for the following posts in 
Pre-Clinical Medicine at the University of Riyadh Medical School. The vacancies have 
arisen as a result of the rapid expansion of the School: 

ANATOMY---PROFESSOR /LECTURER /DEMONSTRATOR 
BIOCHEMISTR Y—ASSISTANT LECTURER /DEMONSTRATOR 
PHYSIOLOGY--ASSISTANT PROFESSOR /LECTURER /DEMONSTRATOR 

Applicants should have a higher degree and teaching experience. 

The University of Riyadh is an independent University established in 1957. In 1968 
the University established a Medical School in association with the University of London. 
The request by the University of Riyadh for assistance in this project is covered by a 
sponsorship agreement. The University of London advises on the curriculum, the form 
and conduct of examinations, the physical facilities for teaching, the appointment of 


academic staff and other matters. 


From the outset 


it has been anticipated that this 


assistance would continue over a period of at least 10 years possibly extending to 15 


years. All teaching of medical undergraduates is in the English language. 
Salary scales: 


PROFESSORS—On range Saudi Ryals 6,200 to SR7,200 per month plus a housing 


allowance of SR12,000 per annum. 


ASSISTANT PROFESSORS—-On range $R5,200 to SR6,200 per month plus a housing 


allowance of SR10,000 per annum. 


LECTURES—On range SR4,200 to SR5,200 per month plus a housing allowance 


of SR8,000 per annum. 


DEMONSTRATORS—Salary and housing allowance will be negotiable in accordance 


with qualifications and experience. 


CONSULTANCY POSTS~~Additional allowances will be paid for appointees holding 


consultant posts at the Teaching Hospital. 
Note: £1 sterling=Saudi Ryals 8.5. 


Appointments are for 1 year or longer; renewable. Secondments would be considered. 

Detailed applications (3 copies) including a curriculum vitae and naming three referees 
should be sent not later than July 26, 1974 to the Inter-University Council for Higher 
Education Overseas, 90-91 Tottenham Court Road, London WIP ODT from whom further 


particulars are available, 


ASSOCIATION OF CLINICAL 
PATHOLOGISTS 


Medical Microbiology for Non-Medically Quali- 
fied Microbiologists February 10-21, 1975. 


This non-residential lecture course will be held 
an ton at the Adelphi, 1-11 John Adam Street, 


The fee payable is £40. 


Applications are invited from graduates in 
science, who are making, or who intend to make 
a career in Medical Microbiology. 


Further information and application forms may 
be obtained from: Miss Valerie Matt, Department 
af Microbiology, QUEEN CHARLOTTE’S MAT- 
ERNITY HOSPITAL, 339 Goldhawk Road., 
ndon W6 OXG. (179) 


(150) 





THE UNIVERSITY OF MANCHESTER 
RESEARCH TECHNICIAN 


required to assist with a laboratory investigation 
om the genetical and cytological basis of sex ratia 
distortion due to melotic drive in the mosquito 
Aedes aegypti, supported for two years from a 
grant by the Science Research Council to Dr R. 
J. Wood. This post is suitable for a graduate in 
a biological subject with experience of genetical 
theory and techniques. Salary £1,704 rising to 
£1,758 pa. after onc annual increment. Appli- 
cations, together with the names of two referees, 
should be sent as soon as possible to Dr R. J. 
Wood, Department of Zoology, The University, 
Manchester M13 9PL. (171) 


(79) 


THE ROYAL 
VETERINARY COLLEGE 
(University of London) 
Division of Paraclinical Studies 
DEPARTMENT OF PATHOLOGY 
LECTURER IN VIROLOGY 


Applications are invited from veterinary and 


science graduates for the newly-created post of 
Lecturer in Virology which is available from 
October 1, 1974 

Candidates should have considerable post- 
graduate experience in animal virology and 
possess a Ph.D. or equivalent degree. The 


appointee will be required to participate in teach- 
ing virology and virus diseases at the under- 
graduate and postgraduate levels. Strong research 
interests are essential; good facilities available, 
including supply of gnotobiotic animals. Prospec- 
tive applicants are invited to contact Professor 
W. Plowright for further information. 

Salary scale £2,118 to £4,896 plus London Alow- 
ance (under review) at present £162 per annum, 
plus threshold supplement. Initial salary accord- 
ing to qualifications and experience. Superannua- 
tion under F.S.S.U. 

Application fgrm and further details available 
fram Assistant Secretary (Personnel) (CN). The 
Royal Veterinary College, Royal College Street, 
London NWI OTU. Closing date for applications 
August 19, 1974. (149) 





INSTITUTE OF CANCER RESEARCH 
AND 


ROYAL MARSDEN HOSPITAL 


DIVISION OF PHYSICS APPLIED TO 
MEDICINE 


Two vacancies will occur in September for 
Physicists to work in the diagnostic and therapeu- 
tic applications of ionizing radiation to medicine. 
The department is large and well equipped and 
covers both X-ray beam work. radioisotope work, 
diagnostic X-rays, and ultrasound. Candidates 
need not have worked in the medical field but 
should have a Ist or 2nd Class Honours Degrec. 
Further particulars can be supplied on request. 
New entrants will be given a thorough training 
in all aspects of the work. The Institute is an 
integral part of the British Postgraduate Medical 
Federation which is a School of London University. 
Appointments will be made on M R.C Seales 
Grade 2 £1,830-£3,378+£162 London Weighting, 
or, Grade I £3,543-£4,548 + £162 L.W. depending 
of the candidate's qualifications and postgraduate 
experience in medical physics or a closely related 
field. Superannuation on FSSU but suitable candi- 
dates from N.H.S. can retain existing pension 
arrangements. Applications giving full curriculum 
vitae and names of two referees to the Secretary, 
34 Sumner Place, SW7 3NU, quoting ref, 300/G/76. 

(154) 
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CHARING CROSS HOSPITAL 
- Fulham Palace Road, Hammersmith W.6 


BIOCHEMIST 
DEPARTMENT OF MEDICAL ONCOLOGY 

Applications are invited for a graduate biochemist 
to _ join a team isolating tumour antigens. It is 
ii that uplicants have an interest in protein 

stry and a working knowledge of current 
ym techniques, Working under supervision, 
uceexsful applicant would be given his own 
ect and therefore some previous research ex- 
nce would oe useful, An opportunity wouid 
















lity on i $i 623 LG £2.82 0, sactanive of 
4 ondon Weighting, according to qualifications and 
experience, plus threshold payment of £5.22 per 
month, 

“Further details available from Dr. G. T. Rogers, 
01-748 2050 ext. 2087, Application forms from 
Miss Matthews, Personnel, ext. 2995, (145) 


THE LONDON HOSPITAL 
(WHITECHAPEL) 


GRADUATE RESEARCH 

aS OR QUALIFIED 

| TECHNICIAN 

` Required in the Professorial Gastro- 

Etna ieee Research Unit. The work will 

# concerned with radio-immuno-assay and 
xperience in this technique is desirable. 
Applications to R. C. Taylor, Assistant 
ecretary, The London Hospital (White- 
hapel), Whitechapel, London El 1BB. Tel: 
1-247 $454 Extn. 388. (167) 


COMMONWEALTH AGRICULTURAL 
BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH BUREAU 
OF SOILS 
ROTHAMSTED EXPERIMENTAL STATION 
HARPENDEN, HERTFORDSHIRE 


Duties: Preparing abstracts for the abstracting 
journal “Soils and Fertilizers”, which covers world 
scientific literature on soils and soil-plant relation- 
ships, and dealing with scientific enquiries within 
these fields. 

Qualifications: A degree in soil science, agricul- 
tural science or sciences basic to these. Ability to 
write good and concise English essential. The suc- 


anaua ge SEanerience or training» in formalin 
work, imeluding subject indexing, would be an 
advantage. 


Salary: In scale £1,435 to £2,592 (bar), £2,798 
to £3,478 (bar), £3,756 to £4,004, plus a com- 
pensatory allowance (taxable but not superannuable) 
of 44% to offset personal contribution to F.S.S.U. 
Starting salary according to qualifications, experi- 
ence and age. 


Application forms and full particulars from the 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Slough SL2 JBN. 

Closing date for applications: July 29, 1974. 

(184) 


THE QUEEN’S UNIVERSITY 
OF BELFAST 


Lectureship in 
Geology 


Applications are invited for a lectureship 
in the Department of Geology in the general 
field of Palaeontology, preferably in Micro- 
palacontology. The post is tenable from 
October 1, 1974 or such other date as may 





CELLULAR IMMUNOLOGIST 











Research & Development with Roussel 


~ PHARMACOLOGIST 


IMMUNOPHARMACOLOGY 


$ d 
aeie mu nmng nAra iaaa hie 


mananan aiana n 


A Pharmacologist with an interest in immunophar- | 
maccology is required to join a team working inthe | 
field of allergic diseases. The position would suit a 
recent graduate or equivalent, preferably with | to 
| 2 years relevant experience, who is looking for the 
opportunity to join a progressive and expanding | 
Company. | 


| Roussel Laboratories Ltd. is part of a large, | 

| international group researching, developing, 
manufacturing and marketing a wide range of — 

pharmaceutical and allied products. 


Conditions of service and fringe benefits are | | 
exceptional and in addition to a competitive | 
salary, assistance with relocation expenses will be 
given. where appropriate. 


Please write with concise details of your qualifi- 


cations and experience to: 


_ Miss R. Curtis 
_ Roussel Laboratories Ltd., 
| Covingham, SWINDON, 

Wilts. SN3 SBZ. 








UNIVERSITY OF RIYADH MEDICAL SCHOOL 
SAUDI ARABIA 
(IN ASSOCIATION WITH THE UNIVERSITY OF LONDON) 










Applications are invited from male honours graduates for the following posts in the = 
Medical School at the University of Riyadh. The vacancies which are for the a ge a pear 
years have arisen as a result of the rapid expansion of the Medical School: eae 


BIOLOGY-—-LECTURER/ASSISTANT LECT URER 
BIOSTATISTICS—LECTURER 
Applicants should have a higher degree and teaching experience. 


Salary scale: Lecturers $R4,200 to SRS,200 per month plus a housing allowance of 
SR8,060 per annum; Assistant Lecturers—negotiable according to qualifications and 
experience. (£1 sterling = Saudi Ryals 8.80). 


The University of Riyadh is an independent University established in 1957. In 1968 
the University established a Medical School in association with the, University of London. 
The request by the University of Riyadh for assistance in this project is covered by a 
sponsorship agreement. The University of London advises on the curriculum, the form 
and conduct of examinations, the physical facilities for teaching, the appointment of 
academic staff and other matters. From the outset it has been anticipated that this 
assistance would continue over a period of at least 10 years possibly extending to 15 
years. All teaching of medical undergraduates is in the English language. 


Appointments are for 1 year or longer; renewable, Secondments would be considered, 


Detailed applications (3 copies) including a curriculum vitae and naming three referees 
should be sent not later than July 26, 1974 to the Inter-University Council for Higher 
Education Overseas, 90/91 Tottenham Court Road, Londen WIP ODT from whom 
further particulars are available, asi) 


STRANGEWAYS RESEARCH 
LABORATORY 


be arranged, Initial placing, which will depend 
on expermence and qualifications will be made 
at one of the first three points on the scale 
for lecturers: £2,118, £2,241, £2,412 rising to 
£4,896 with contributory pension rights under 
the P.S.S.U. The appointment will be sub- 
ject to a period of probation of up to three 
years in duration. Applications should be 
received by August 10, 1974. Further par- 
ticulars may be obtained from The Personne 
Officer, The Queen’s University of Belfast 
BT? INN, Northern Ireland. (Please quote 
Ref, 74/N,) (168) 





Research appointment available for independent 
studies in the field of tumor immunology. Current 
ongoing programmes include studies on the 
mechanism of tumor cell destruction and the 
development of in vitro assays for estimation of 
cell mediated immune responses. 

Preference given to experienced Ph.D., but active 
consideration given to imminent or newly graduated 
Ph.D. with strong immunology background. Salary 
open. Send curriculum vitae and names of three 
references to: 

Dr C. §. Henney 

The O'Neill Research Laboratories 

Johns Hopkins University School of Medicine 

at the Good Samaritan Hospital 

5601 Loch Raven Blvd. 

Baltimore, Maryland 21239, U.S.A. 

An equal opportunity employer. (183) 


WORT’S CAUSEWAY 
CAMBRIDGE CBI 4RN 


CELL BIOLOGIST 


A postdoctoral position is available to work 
on the basic mechanisms of connective tissue 
metabolism. The candidate should have a sound 
background in cell biology but experience in con- 
nective tissue research is not essential. 


The starting salary is £2,223 per annum with i 
F.S.S.U. benefits. The appointment is for one. ~ 
year initially, but may be renewed for up to. three 
years. 

Please send curriculum vitae and names of .two 
referees to Dr. J. J. Reynolds, Tissue Physiology 
Department, Strangeways Research ag i 
Wort’s Causeway, Cambridge CBI 4RN., (164 
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Imperial Chemical Industries Limited 
AGRICULTURAL DIVISION 
Billingham, Cleveland. 


A vacancy exists for a 


MATHEMATICIAN 
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to join an existing team of eight graduates at Billingham. ICI Agricultural Division operates a complex of: 
very large plants incorporating much new Technology originating from within, or developed by the Division. 
The mathematical Section in Research and Development Department deals with a wide variety of problems 
in chemical engineering theory, in the support of plant design and operation, and in some areas of mathe- 
matical planning. Candidates should have a good honours degree and an interest in applications such as 
reactor theory and fluid mechanics or statistics and operational research. Although a mathematics degree is 
preferred, candidates qualified in mathematical physics or in chemical engineering with a strong theoretical 


bias would be considered. 


The section has good computer facilities, and candidates should possess or be ready to acquire competence 
in modern computing methods and programming. 


The Company operates house purchase, profit sharing and contributory pension schemes and offers financial 
assistance towards removal expenses for married men. 


Write giving brief details of age, qualifications and experience to:— 


Mr M A J W Pegg 
Personnel Department 






Agricultural Division 


BASIC GRADE BIOCHEMIST 


for Biochemistry Laboratory. Well equipped depart- 


ment offering good training facilities including 
radioimmunoassay techniques, Good Honours 
degree in Chemistry or Biochemistry required. 


Whitley Council conditions apply. Please reply with 
full details and names and addresses of 2 referees 
to Top Grade Biochemist, West Park Hospital 


Laboratories, Epsom, Surrey KT19 BPB. (158) 
UNIVERSITY OF NATAL 
DEPARTMENT OF PHYSICS 
DURBAN 
Applications are invited from sultably qualified 

persons for appointment to two posts of 
LECTURER 
In addition to teaching, successful candidates 


will be expected to take part in the experimental 
or theoretical activities of one of the research 
groups of the Department. The fields of interest 
are- 


©) Magnetosphere Physics 
GD Laboratory Plasma Physics 


Hy. Microscope studies of  erystal 


defects. 
Previous experience in one of these fields will 
be an advantage. 


The salary scale attached to tne posts is: R4,800 
by R300 to R6,900 per annum plus 15% pension- 
abie allowance, 


The commencing salary notch will be dependent 
on the qualifications and/or experience of the 
successful applicant. In addition, an annual vacation 
savings bonus up to R260 for married men and 
Ri30 for women and single men is payable, subject 
to Treasury regulations. 


Application farms, further particulars of the 
post and information on pension, medical aid, 
staff bursary, housing loan and subsidy schemes, 
long isave conditions and travelling expenses on 
first appointment are obtainable from the Registrar, 
University of Natal, King George V Avenue, Dur- 
ban, South Africa, with whom applications, on the 
prescribed form, must lodged not later than 
August 31, 1974, quoting Ref. Adv. 75/74. 

(162) 


imperial Chemical Industries Limited 


PO Box No 1 Billingham, Cleveland. 


THE ROWETT RESEARCH 
INSTITUTE 
BUCKSBURN, ABERDEEN AB2 9SB 

FIELD INVESTIGATIONS OFFICER 

Appheations are invited from suitably qualified 
graduates for a post to examine the incidence and 
severity of trace metal deficiencies in cattle and 
sheep. Trials are being planned on farms in the 
northeast of Scotland, and these may later be 
extended, A graduate with a good honours degree 
in agriculture, or agricultural chemistry or a 
depree in veterinary science, is required to help to 
organise and to participate im this work. The 
appamiment is for a perinod of J years in the 
Nutritional Biochemistry Department. 

Salary ranges (which are currently under review): 
Serentific Officer £1,435 pa. rising to £2,329 pa. 
Higher Scientific Officer £2,221 p.a. rising ta £2,854 
pma. Superannuation under F.S.S.U. with a son- 
pensionable allowance of $i of basic salary to 
offset contributions. 

Salary placing will be in accordance with qualsfi- 
cations and experience but far entry to the higher 
grade, candidates should have had at least 2 years’ 
appropriate post-qualifving experience. 

Applications, with full details, together with the 
names of 2 referees, should be addressed to the 


Secretary of the Institute, from whom further 
particulars are available, by August 17, 1974, 
(163) 


UNIVERSITY OF READING 


Two Research Assistants required in Department 
of Soi Science. Applications are invited: 

{a) From graduates in Physical Chemistry, Soil 
Science or agricultural chemistry to work on 
mechanisms of phosphate sorption by soll minerals. 

(b) From graduates in Physics or Physical Chem- 
istry to join a research group concerned with 
studies of Pore Space in souls annd its effect on 
gas and water flow, 

Position {aj is Supported by a grant from A R C. 
and position {b} by a studentship awarded by 
M.A S.S. Applicants should have obtained first or 
upper second class honours and will be expected 
to register for a higher degree. 

Both positions provide support at current research 
council studentship rates plus fees. 

Further details may be obtained from Professor 


D. J. Greenland, Department of Soil Science, 
University of Reading, London Road, Reading, 
Berks. (Ret MN 29). (177) 


(205) 


UNIVERSITY OF BRISTOL 


The University invites applications for the 
appointment of DIRECTOR of the Lomg Ashton 
Research Station, which will become vacant on 
August P 1975, on the retirement of Professor 
J. P. Hudson, M.B.E.. G.M., M.Sc.. Ph.D. The 
Director is a Professor of the University and Head 
of the Deparunent of Agriculture and Horticulture. 
The post is graded in the rank of Deputy Chief 
Scientific Officer in the Agricultural Research 
Service at a salary of £7,279 to £8,080. 

Suitably qualified candidates are invited to submit 
applications, together with the names and addresses 
of three referees, by October 21, 1974. Further 
particulars of the appointment may be obtained 
from the Seeretary of the University, Senate House, 
Bristol BSS iTH. (176) 


THE GRASSLAND RESEARCH 
INSTITUTE 
HURLEY, MAIDENHEAD, BERKSHIRE SL6 SLR 


HEAD OF 
AGRONOMY DEPARTMENT 


Applications are invited for the above post which 
will became vacant from January 1, 1975. The 
Institute is grant-eaided by the Agricultural Research 
Counci and is an Associated Institution of the 
University of Reading. 

The research programme of the Department is 
directed towards an understanding of how to grow 
and utilise grass and forage crops. The rôle and 
importance of the Department in the Institute is 
to be extended and will in future include work 
with grazing animals. and the assessment of mar- 
agement factors under a range of elimatic and 
soil conditions. 

Candidates should have a special knowledge of 
grass and forage crops, and experience of conduet- 
ing and organising research in this field. and have 
a desire fa translate scientific knowledge into 
agricultural practice. 

The post is graded Senior Principal Scientific 
Officer on the scale of £6,300 to £7,141 per annum. 

Siperannuation under F.S.S.U. with a noms 
pensionable allowance of 44% of salary to com- 
pensate for personal contributions. 

Further information may be obtained from the 
Secretary to whom applications should be submitted 
before September 15, 1974. (175) 
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ROTHAMSTED 
EXPERIMENTAL STATION 
HARPENDEN, HERTS. ALS 2JQ 
SCIENTIFIC OFFICER 
required to help with the design, construction and 
development of specialised apparatus to be used 
In studies of coconul breeding. 

The Overseas Development Administration is 
currently supporting work on mechanical systems 
for the extraction and processing of coconut pollen 
as part of a mass pollination programme aimed at 
improving coconut production. This temparary post 
Gnitially far a period of } year from September 1. 
1974) has been provided to support work now 
being done at Rothamsted Experimental Station. 

Qualifications: Pass degree, H.NC.. HN D. oF 
equivalent. Practical ability in use of workshop 
equipment essential. 

Salary ite scale £1,435 to £2,329 per annum (under 
review) according to quahfications and experience. 
Superannuation with non-pensionable allowance of 
34% to offset personal contributions, 

Applications to the Secretary quoting Ref, 2292 
by August 22. 1974. (163) 


SURREY EDUCATION 
COMMITTEE 
EWELL COUNTY TECHNICAL 
COLLEGE 
REIGATE ROAD, EWELL, SURREY 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 


Required as svon as possible: 


LECTURER I to teach CELE BIOLOGY 
and/or BIOCHEMISTRY fer HNC, in 
MEDICAL LABORATORY SUBJECTS. The 
College is an approved centre for this course. 
Some experience of medical MICRO- 
BIOLOGY or HISTOPATHOLOGY and an 
interest in research and problems of learning 
in the biomedical field would be advantageous, 
Applicants with suitable experience will have 
the opportunity to teach to MULBiol. (Hon- 
ours BAe.) level, 


| Salary: £1,800 to £2874 per annum-—for good 
honours graduate the scale is extended to 
£3,045 per annum. £118 London Allowance 
payable per annum. Generous relocation ex- 
penses and assistance with house purchase in 
approved cases. 


Further information and application forms 
avaiable from the Vice-Principal at the 
College upon receipt of a stamped addressed 
foolscap envelope. Applications to be returned 
within 14 days of the appearance of this 
advertisement, (173) 


THE UNIVERSITY OF MANCHESTER 
RESEARCH ASSOCIATE IN 
CHILD HEALTH 
Biochemist required with post-graduate research 
experience for this post in the Department of Child 
Health with a team investigating brain growth and 
development. Salary p.a. according to experience, 
up to £2,388 (£2,580 from October 1). Applications 
(quoting telephone number if possible) to Dr John 
Dobbing, Department of Child Health. Stopford 


Building, Manchester M13 9PT by July 20. ting 
ref: 152/74/N. — wise 






THE UNIVERSITY OF 
LANCASTER 


Department of Biological Sciences 











Applications are invited for a LECTURE- 
SHIP in either freshwater ecology er physio- 
logical ecology in the fields of plant/water 
relations or ion-uptake by plants. 


Further particulars may be obtained (quot- 
ing reference L.832/D) from the Establishment 
Officer, University House, Bailrigg, Lancaster è 
LAI 4¥W, to whom appHeations (five copies), 

naming three referees, should be sent not 
iater than July 28, 1974, (189) 











Fisheries Research 


Applications are invited for a permanent and pensionable post in the 
Fisheries Research Laboratory of the Department of Agriculture based at 
Coleraine, Co. Londonderry. 
The successful applicant who may be appointed at Senior Scientific Officer, 
Higher Scientific Officer or Scientific Officer level will be required to under- 
take investigations primarily concerned with the rational exploitation of 
commercial species and the development of marine fish farming, particularly 
shellfish. A knowledge of population dynamics, culture of shellfish, and 
fish biology would be an advantage. Ability to drive would be an asset. 
Senior Scientific Officer: £2,798-£3,895 (under review). ee 
Over 25 and under 32 years of age with a first or second class Honours 
Degree in Zoology or Biology and at least 4 years relevant postgraduate 
experience, preferably in Fisheries Research, | 
Higher Scientific Officer: £2,221-£2,854 (under review). 
Under 30 years of age with an Honours Degree as above and at least 2 years 
relevant post-graduate experience. 
Scientific Officer: £1,435-£2.329 (under review). 
Under 27 years of age with an Honours Degree as above. 
Grading and commencing salary will be related to qualifications and 
experience. 
Please write or telephone for an application form, quoting Ref. SB 186/74/N 
to Civil Service Commission, Clarendon House, Adelaide Street, Belfast 
BT2 8ND (telephone 0232-44300, ext. 26). 

e returned to arrive not later than 25 a it 
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| ‘NORTHERNIRELAND 
L CIVIL SERVICE 


North East London 
Polytechnic 


Faculty of Science 
Department of Biological Science 


Applications are invited for the following four 


Research Assistant posts:- 


(1) To work under the supervision of Dr D. Bryce on the ecology of 


Diptera larvae in woodlan! soil. 


(2) To work under the supervision of Dr D. Bryce on the ecology of 
Chironomidae in a polluted river system, 

(3) To work under the supervision of Drs $. Ball and |. Humphreys on 
enzyme variation in coccidial parasites. 

(4) To work under the supervision of Dr K. j. Adams on investigations 
into the mechanisms of control of cell division. 


For posts (1) and (2) candidates should have or expect to obtain a good honours degree 
or equivalent qualification in Biology, for post (3) a similar qualification in Biochemistry 
or Biology and for post (4) candidates should hold a good honours degree in the area 
of Cell/Molecular Biology or in Electronics and have an interest in the application of 
electronics to biological problems. 


In each case the appointment will be initially for two years at a starting salary of £1,427 
per annum and che successful applicant may be permitted to register for a higher degree 
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of the C.NLALA., 


Application form and further details from:—— 


Academic Staffing Officer (2), 
North East London Polytechnic, 


Forest Road, London, E17 4]B. Telephone: 01-527 2272. Ref: S/CF 132. 


Closing date: 25 July, 1974. 


UNIVERSITY COLLEGE DUBLIN 
RESEARCH POSTS IN GENETICS 
OF ANIMAL DEVELOPMENT 


A Postdoctoral Fellow and a Research Assistant 
are required for a 3-year proect sponsored by the 
National Sctence Council, on the inheritance of 
appetite, and of muscle and fat development in 
animals. The project wil involve research on mice 
and sheep in University College, Dublin and in 
the Agricultural Institute at Belclare, Co, Galway. 
Knowledge of quantitative genetics is essential, 

Fall details from: 


Dr J. C. McCarthy, 
Faculty of Agriculture, 
University College, 
Glasnevin, 

Dublin, 9, 


IRELAND. (191) 


( 181} 


S.ULNLY. AT STONY BROOK 


Several faculty positions at the Assistant and 
Associate Professor Jevels are available, beginning 
June, 1975, in the newly established Department 
of Pharmacological Sciences. Candidates with re- 
search interests in neurobiology, molecular biology, 
biochemistry or biophysics are sought. A minimum 
of two years postdoctoral experience is required. 
Closing date September 1, 1974. Send resume and 
references to Dr. Arthur P. Grollman, Chairman, 
Department of Pharmacological Sciences, S.U,N Y. 
at Stony Brook. Stony Brook, New York 11790. 
An affirmative action, equal opportunity employer. 


(182) 
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esearcn & 
evelopment 
Director 
£10000 plus. 


The Fertilizer Division of Fisons Limited 
produces and markets fertilizers throughout 
the UK and has a current annual turnover 
approaching £80m. 


The Research & Development Director to be 
appointed will be directly responsible to the 
Managing Director for all research and 
development activities in process technology, 
chemistry and agronomy. He wil control a 
main research unit and two outstations 
employing in total 350 people, of whom 80 are 
of graduate standard. Preferred age is 35-45. 
A five figure salary is envisaged plus Car, 
good pension scheme and significant 
additional benefits. The appointment is based 
at Levington,near Ipswich, Suffolk. 


The successful candidate will have a proven 
record of success at a senior level inthe 
research and/or development field, not 
necessarily ina commercial organisation. 
Degree subject is less important than the ability 
to manage a multi-discipline R & D activity. 

A doctorate is preferred. 


Please write briefly and in confidence to 
Mr, J. Mugliston, Divisional Director, 
Fisons Limited- 


Fertilizer Division, | 
Felixstowe, | mS | 
Suffolk IPH 7LP. 


BIOCHEMISTRY DEPARTMENT CHAIRMAN 
STATE UNIVERSITY OF NEW YORK AT STONY BROOK 


Nominations and applications for this appointment are invited. Qualifica- 
tions should include an outstanding record of achievement in research, 
teaching and appropriate administrative experience. 


The Department serves the educational needs of undergraduates in the 
College of Arts and Sciences, medical, dental and other students in the 
School of Basic Health Sciences and graduate students enrolled in PH.D. 
programs. 


The State University of New York at Stony Brook is an Affirmative 
Action—-Equal Opportunity Employer and encourages applications from 
women and members of American minority groups. 


Appointment title and salary are dependent upon qualifications and 
experience. Send nominations and inquires to: 


Dr Vincent P. Cirillo, 

Chairman, Search Committee, 

Department of Biochemistry, 

State University of New York, 

Stony Brook, New York 11794 (217) 
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BRENT AND HARROW AREA 
HEALTH AUTHORITY 
BRENT HEALTH DISTRICT 


A vacancy occurs for a Technician or 
Junior Technician in the Cytology Section of 
the Histopathology Laboratory. “Some experi- 
ence preferred. This Laboratory deals with 


Gynaecological and non-Gynaecological 
Cytology as well as Chromosomal Examina- 
tions. 


Further information from Chief Technician 
04-965 5733 Ext. 385. Application forms from 
and returnable to: 

Personne! Department (Ext. 6103, Central 
Middiesex Hospital, Park Roval, London 
NWi0 7NS (180) 





INIVERSITY OF OXFORD 
POSTDOCTORAL BIOCHEMIST or 
CELL BIOLOGIST 


required to work on mechanism of chromosome 
condensation at miosis on grant from Cancer 
Research Campaign. 

Applications and enquiries wo Dr J. ML Barry, 
Department of Agricultural Science. {194} 
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UNIVERSITY OF READING 
DEPARTMENT OF MICROBIOLOGY 

Applications are invited for a Postdoctoral Re 
search Appoimtment to work on the purification 
and characterisation of the Tetramethylammornimum 
Mono-oxygenase system of Bacteria. Candidates 
should be biochemisis who have had experience 
in the techniques of Anzymology, protein purifi- 
cation and microbiology. Salary: £2,118 x £129 - 
¿2.247 pa. plus FS.S.U. 

A research assistant is also required to work 
on the biochemistry of the utilization of Ethers 
by micro-organisms. Applicants should be gradu- 
ates In biochemistry or microbiology. The success- 
ful apphcant will be required to isolate and culture 
micro-organisms, prepare and purity cell-free ex- 
tracts and undertake biochemical studies on tbe 
enzymes of ether ulilization. Salary scale £1,435 - 
EL 846 pa. 

These appointments are both for two years from 
October 1974 and are supported by S.R.C. grants. 

Apply with curriculum vitae and the names of 
two teferces, as soon as possible, to Dr. L. A 
Zatman. Depariment of Microbiology, University 
of Reading. London Road, Reading, RGI SAQ. 
(Ref: MN3O). (199) 
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UNIVERSITY OF BRISTOL 
SCHOOL OF CHEMISTRY 


POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 

Applications are invited for a Science Research 
Council Postdoctoral Research Axssistaniship to 
work on the calculation of scattering crass sections 
in gas phase molecular collisions. The work will 
be directed towards the uverpretation of crossed 
molecular beam experiments which examine me- 
lastic collisions, A background in collision theory 
ar computmg experience will be an advantage. 

_ The appointment, which is for one year im the 
first instance, with a possible extension to lwo 
years, dis available from October 1974. Salary 
range up to £2,247 per annum. 

Applications, with curriculurn vitae and names 
of two referees, to Dr. G, G. Bahat-Kurti, Schoo! 
of Chemistry, Bristol University, Bristol BSE ITS, 
as soon as possible. (203) 


THE EAST OF SCOTLAND 
COLLEGE OF AGRICULTURE 
invites applications for the post of 
HEAD OF CROP HUSBANDRY 
ADVISORY AND 
DEVELOPMENT DEPARTMENT 
Applicants should have knowledge 


of R. & D, and Advisory aspects of 
crop production. 


Salary scale (under review) £4,341 
to £4,994, 


FSS.U. with non-pensionable pay 
supplement to offset contributions. 


Further particulars and application 

e form from the Secretary, The Edin- 

burgh School of Agriculture, West 
Mains Road, Edinburgh EHS 33G. 
(190) 
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UNIVERSITY OF OXFORD 
MICROBIOLOGY UNIT 
DEPARTMENT OF BIOCHEMISTRY 


A Postdoctoral Research Assistantship is avall 
able, from October 1, 1974, to work on the 
synthesis of ribosomes by a mutant of Escherichia 
coli, The post is financed by the Medical Research 
Council and the initial salary is a present £1,821 
pa. The project is directed by Dr D. G. Wild 
from whom further information may be obtained 
and to whom applications should be sent. (193) 








HAWKER SIDDELEY AVIATION 
LIMITED 
Broughton (Chester 


FINANCIAL DIVISION 
ASSISTANT FINANCIAL 
ACCOUNTANT 
There exists an interesting position for a 
suitably qualified accountant or finalist {ACA 
or ACCA) to head our final accounts de- 
partment. He will report directly to the 
Financial Accountant and be involved in the 
computation of weekly/monthly management 
reports, the preparation of final accounts, 
annual and four year forecasts and also be 
responsible for the nominal ledger and 

capital assets section. 

This position is a monthly staff appoint- 
ment and big Company employee benefits 
include contributory pension scheme with 
free life assurance, four weeks holiday after 
qualifying period, canteen facilities. A five 
day 374 hour week is in operation. Please 
apply giving details of age experience and 
qualifications to Eryl VY. Hughes, Employ- 
ment Officer, Hawker Siddeley Aviation 
Limited, Broughton, Chester. Or telephone 
Chester 24646 Ext. 34. (200) 
























JUNIOR TECHNICAL OFFICER 


(HORMONES & BLOOD PRODUCTS) 

Applications are invited from recently qualified 
graduate CHEMISTS or BIOCHEMISTS for a 
post within the Division of Hormones &. Blood 
Products. The successful applicant will join a group 
working on the isolation and identification of 
peptides and enzymes and on the development of 
chemical methods to complement bioassay tech- 
niques. 

Salary on scale £1,407 - £2,073 including London 
Weighting. Salary award pending. The Institute is 
situated in pleasant surroundings close to Hamp 
stead Underground Station. There is an active 
Sports & Social Club and Superannuation benefits. 

Please apply quoting Ref. 0026 giving brief 
details (an application form will be sent to vow 
to R. S. Dunn, Personnel Officer, National In- 
stitute for Biological Standards & Control, Holly 
Hill, Hampstead, NW3 6REB. Tel: 435 mere 

8) 


THE QUEEN’S UNIVERSITY 
OF BELFAST 


CHAIR OF 
PHYSIOLOGY 


Applications are invited for the second 
Chair of Physiology from ist October, 1974 
or such later date as may be arranged. The 
successful applicant will be responsible for 
the day to day running of the section of 
the department dealing with teaching and 
research in Histology. Candidates who have 
medical qualifications would be considered 
for a joint appointment with the Eastern 
Health & Social Services Board with a 
University salary of £7,125 with contributory 
pension rights under the F.8.8.U.: an addi- 
tional salary is paid by the Eastern Health 
& Social Services Board on a sessional basis 
for hospital services undertaken over and 
above University duties. Candidates who are 
not medically qualified would hold the Uni- 
versity Chair with a salary of £6,810, with 
ESSU. 


Applications should be received by 3ist 
August, 1974. Further particulars may be 
obtained from The Personnel Officer, The 
Queen's University of Belfast. BT? INN, 
‘Northern Ireland. (Please quote Ref. 74/N). 
i (206) 
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Fisheries Adviser 

To be fully associated with the operation of a Pilot Fishing Survey to 
be carried out over 1-2 years with the objective of increasing the 
country's fish supply to its domestic market and to train a Counterpart. 
Applicants should have a degree in a Natural Science and have 5 years 
postgraduate experience. Experience in pelagic and demersal tropical 
fishery especially with tunny and crayfish also required. Appointment 
for 3 years. 


Salary in scale £3,750 to £5,250 p.a. plus a tax free overseas allowance 
in scale £150 to £670 p.a. 


Other benefits include free family passages, paid leave, children's 
education allowances free accommodation and medical attention, 


Applicants should normally be citizens of, and permanently resident 
in the United Kingdom. 


For full details, application form and booklet about St Helena, please 
apply giving age and brief details of qualifications and 
experience to: 


Appointments Officer 
Ministry of 


Overseas Development 


Room E301, Eland House 
Stag Place, London, SWIE SDH 







(243) 
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eS] 
UNIVERSITY OF Š CAPE TOWN 


CHAIR OF MARINE GEOSCIENCE 


Applications are invited for the newly created Max Sonnenberg Chair of Marine 
Geoscience, which the University hopes to fll at an early date. The salary scale is 
R 100 x 300-R9 900 per annum plus a 18% pensionable allowance. 

Applicants should submit a full curriculum vitae indicating their teaching and research 
experience and interests, present salary, and the earliest date on which they could assume 
duty, and should furnish the names and addresses of three referees whom the University 
may consult. 


Further information should be obtained from The Registrar, Universty of Cape Town, 
Private Bag, Rondebosch, C.P, 
Applications must reach the registrar by 30th September, 1974. 


Appointment will be subiect to a satisfactory medical certificate and the University 
reserves the right to appoint a person other than one of the applicants or to make no 
appointment, (213) 
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in Pharmacology 


A Senior Pharmacologist 


preferably with at least 10 years postdoctoral experience in industrial or 
academic research in the general field of inflammation. 


Post Doctoral and Graduate Pharmacologists 


with Ph.D’s, first degrees or the equivalent in pharmacology or a related 
subject and with an interest in research into aspects of the pharmacology 
of the cardiovascular, central nervous, digestive or reproductive systems 
or into aspects of toxicology of immunology. 


Junior Pharmacologists 


with H.N.C.. O.N.C. or the equivalent, as well as those with lesser 
qualifications but with an interest in pharmacology. Day release will be 
allowed to enable suitable qualifications to be obtained at the company’s 
expense. 


You can expect to benefit from being part of a large organisation both 
in remuneration and career opportunities. Salary will depend on 
qualifications and experience in each post, 

Those interested should write with brief career details to: 


A. Maltby, Personnel Officer, 

Smith Kline and French Laboratories Limited, 

Mundells, 

Welwyn Garden City, Herts. (260) 


A member of the worldwide SmuthiSline Corporation 


The Lister Institute of Preventive Medicine 


(University of London) Elstree, Herts. 


requires a 


BACTERIOLOGIST 


to undertake investigative and developmental work on bacterial vaccines and 
therapeutic sera. This post is one of responsibility and offers plenty of scope 
for interesting and rewarding research; it is suitable for a worker with a 
doctoral degree or of comparable seniority. Salary in accordance with 
experience and qualifications. Superannuation under F.5.5.U. 


Applications to: 
Secretary, Lister Institute of Preventive Medicine, Elstree, Hertfordshire. 


(239) 


SOUTH GLAMORGAN AREA HEALTH AUTHORITY 
TENOVUS INSTITUTE FOR CANCER RESEARCH 
HEATH, CARDIFF 
SENIOR SCIENTIFIC OFFICER 


required for the Supra-regional Steroid Assay Service Laboratory of the above Institute. 

Experience in steroid analysis necessary and knowledge of automated techniques useful, 
SALARY: £2,964 to £3,843 according to age, qualifications and experience 
APPLICATIONS: Forms available from 

and further particulars regarding the post may be obtained from Professor K. Griffiths, 

Institute EHrector (Tel. 755944, Ext. 2579). (223) 
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THE UNIVERSITY 
OF MANCHESTER 
INSTITUTE OF 
SCIENCE AND TECHNOLOGY 
DEPARTMENT OF 
MATHEMATICS 
RESEARCH ASSISTANT 


Applications are invited for the temporary 
post of Research Assistant in Theoretical and 
Experimental Polymer Rheology, The De- 
partinent has a strong Group undertaking 
research in the Mechanics and Physics of 
Salids and Fluids, and it possesses excellent 
facilities for experimental investigations in 
Rheology, There is direct access to extensive 
computer facilities in the University and the 
Institute. The successful candidate will be 
either a mathematician who wishes to test 
theories experimentally or an experimental 
scientist, and he will normally be expected 
to pursue researching leading to a higher 
degree of the University. 

Salary~-£1.764 per annum with F.S.S.U. 
rising to £1,839 per annum for the second 
and any subsequent years, 

Applications, giving detads of education, 
experience and research interests should be 
addressed to Dr. A. Kaye, Mathematics De- 
partment, UMELST. Sackville Street, 
Manchester, M60 IQD, not later than 26th 
July, 1974. (201) 





INSTITUTE OF OPHTHALMOLOGY 


(UNIVERSITY OF LONDON) 
Judd Street, London WCIH 9QS8 


RESEARCH ASSISTANT 
(GRADUATE) 
required to join team concerned with pharma- 
cological aspects of ocular inflammation. Salary 
£2,118 pa. plus £162 London Auowance. Applica- 
tions ta Professor E. S. Perkins at above address, 
with names and addresses of two referees. (218) 





THE LONDON HOSPITAL 


and the 
NORTH EAST THAMES REGIONAL 
HEALTH AUTHORITY 

have vacancy for a Non-resident SENIOR REGIS- 
TRAR in the GERIATRIC SERVICE for The 
London Borough of Tower Hamlets. A large 
part of the successful candidate’s time will be 
spent in the geriatric/psycho-geriatrac assessment 
unit at The London Hospital (Mile End). He/she 
will also be a member of the Department af 
General Medicine and will have opportunities for 
further education in a special field. The post gives 
an opportunity for teaching in a comprehensive 
district geriatric service. 

Applications (no forms provided). giving the 
names and addresses of three referees, should be 
received by July 27, 1974 and addressed to: The 
Medical Staffing Office, The London Hospital, 
Whitechanel E! IBB. Further particulars can he 
obtained from Dr Silver, Mile End (61-980 4855), 

{219} 


+ 
THE QUEEN’S UNIVERSITY 
OF BELFAST 
E E 
CHEMISTRY 

Applications are invited for two posts, 
tenable from ist October, 1974, of RE- 
SEARCH ASSOCIATE (postdoctoral, and 
RESEARCH ASSISTANT for research in 
polymer chemistry. The work will be eon- 
cerned with the use of EXD mmr spectroscopy 
to elucidate the structure of polymers, and 
with the preparartion and use of isostatic 
polypropylenimine as a template polymer. 
Appointments will be made for one year in 
the first instance. Salary, at appropriate points 
according to experience, will be on the 
scales Research Associate £2,118 to £2,247 
to £2,412: and Research Assistant £1,239 to 
EIRIS. 


Applications, giving the names of two 
referees, should be received by the Personne} 
Officer, The Queen's University of Belfast, 
BT? INN, Norikern freland. Not later than 
Bist July 1974, (207) 





Honours Graduates with some experience 
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Shell Research Limited have a number of 
“vacancies in the Fermentation Division of 
their Woodstock Laboratory at Sitting- 
bourne, Kent for scientists and technical 
assistants to work in a multi-disciplinary 
team on process research and development 
towards the manufacture of single cell 
protein. 


* + 2 l ~v 

Senior Microbiologist 

A Senior Microbiologist is required to lead 
a team engaged in isolation and charac- 
terisation of new cultures, monitoring fer- 
mentation systems and studying mter- 
actions in mixed cultures. The work will 
involve the use of the laboratories’ exten- 
sive continuous culture facilities and will 
play a central role in developing com- 
mercial processes. A mature graduate is 
required for this post, probably over 30 
years of age, with proven ability and, 
preferably, with experience in microbial 
screening or taxonomy. 


= . Le : m 
Microbiologists 

There are two vacancies for graduates in 
microbiology to work on isolation and 
characterisation of cultures and to study 
symbiotic interaction. You should have a 





PHARMACOLOGISTS / 
TOXICOLOGISTS 












good honours degree in microbiology; _ 
preference will be given to candidates with 
proven research ability. a 


Technical Assistants 

Two Technical Assistants are required to 
work on microbial taxonomy and microbial 
control in fermentation processes. You 
should have an H.N.C. in applied biology 
or the equivalent in a relevant subject, basic 
training in microbiology and practical ex- 
perience in standard microbial techniques. 
A further vacancy exists for a technical 
assistant to work on bench scale continu- 
ous fermentation systems. Preference will 


be given to those candidates with one or 


more ‘A’ levels in relevant subjects or 
equivalents who have had some basic 
training in microbiology and, preferably, 
experience with fermentation equipment. 
The levels of appointment will depend on 
background and experience, and the 
salaries offered will be competitive. 

Please write, giving full details regarding 
personal background and experience, indi- 
cating for which. position you wish to 
apply, to Shell Research Limited, Re- 
cruitment Division (N), PNEL/34, Shell 
Centre, London SE1 7NA. 



















G. D. Searle are one of the world’s leaders in medical research. 
Our Research and Development department at High Wycombe is 
engaged in fundamental work in the areas of Immunology, 

Biochemistry and Molecular Biology. A vacancy has arisen for a 


required for Research and short and long 
term toxicological studies of compounds of 
potential therapeutic importance. Excellent 
opportunities for advancement in modern, 
well-equipped laboratory. Pension and As- 
surance Scheme. Application Forms fram: 
The Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London 
N1 2HB. (209) 

































Technician to assist in the extraction and assessment of 
macromolecules for various biological activities. 

Ideally you should have experience of working in a hospital or. 
biochemical laboratory, and have a qualification up to HNC/AMLT 
level. Anyone about to leave school/college and who is keen to 
pursue a technical career, should also apply. Full training will be 
given, including the facility for part-time study. | 

An attractive commencing salary will be offered, and conditions of 
employment include 4 weeks’ holiday in each full calendar year of _ 
employment, Pension Fund, Restaurant and an active Social Club. 
Assistance with moving will be given in appropriate circumstances. 


Initially please contact H W Cooke, Personnel Manager, 
Research and Development, G D Searle & Co Ltd, | ; 





















































UNIVERSITY OF MANCHESTER 
DEPARTMENT OF MEDICAL BIOCHEMISTRY 
RESEARCH ASSOCIATE 









A postdoctoral biochemist is required to work 
under the direction of Dr, S, kzhaki on a research 
project supported by the Cystic Fibrosis Research 
Trust, studying factors affecting the uptake of 
macromolecules by cells. Appointment for on 
year. initially from October Ist, at a salary ki 
£2,118 p.a. Further particulars and application 
forms (returnable by July 29th) Trom the Regis- 
trar, The University, Manchester M13 9PL. Quote 
ref: ES5/74/N. - (215) 








Lane End Road, High Wycombe, Bucks, OR 
telephone him on High Wycombe 21124 ext. 130, 
quoting reference T/119, . 








(262) 





at y niat; 


for pollutants research 
up to£2,500p.a. 


The expansion of the Department of Environmental 
Physiology has created the need for a young chemist 
or biochemist to join a team studying the toxicology 

of a variety of inhaled substances. 

They will be responsible for the generation and 
monitoring of experimental test atmospheres and 
expected to develop new and improved systems of 
generation for a variety of gaseous and particulate 
pollutants. Therefore previous experience in the fields of 
particle size analysis, mass monitoring techniques, and 
quantitative analysis would be a distinct advantage. 
Salaries up to £2500 per annum are offered together 
with a pleasant working environment close to 
Huntingdon within easy reach of Cambridge and 
fast rail and road links to London, excellent fringe 
benefits including 4 weeks holiday and an active 
sports and social club. 

Further information and application form 
can be obtained from: 

Mrs. Nancy McCree, Recruitment Officer, 
Huntingdon Research Centre, 
Huntingdon, PE18 6ES, 

Telephone Woolley 431, Ext. 251. 


H.R.C. 


Avon Area Health Authority (Teaching) 


Area Physicist 


Salary scale: £5190—£5919 plus responsibility allowance 


The Avon Area Health Authority (T), in co-operation with the South Western Regional 
Health Authority, propose to appoint a Top Grade Physicist, with special responsibility 
allowance, to act as Head of the Avon Area Medical Physics Service and as Adviser on 
Medical Physics to the South Western Regional Health Authority. 


The Appointment is consequent upon the retirement of Dr. H. F. Freundlich later 
this year. 


Whitley Council Terms and Conditions of Service apply. 


Applications, giving the names of two referees, should be 
sent by the 8th August, 1974, to The Personnel Officer, 
Avon Area Health Authority (T), National Westminster 
Court, Little John St, Bristol, 8S1 2EE (Tel. Bristol 
293541), from whom further particulars may be obtained. 
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THE UNIVERSITY OF MANCHESTER 


RESEARCH ASSOCIATE IN 
CHILD HEALTH 


Biochemist required with postgraduate research 
experience for this post in the Department of 
Chud Health with a team investigating brain 
growth and development. Salary pa. according 
to experience, up to £2,388 (£2,580 from October 
Ist}. Applications (quoting telephone number if 
possible) ta Dr. John Deobbing, Department of 
Chie Health, Stopford Building, Manchester, M13 
OPT, by July 20th. Quote ref, 152/74/™. 

(214) 
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UNIVERSITY OF RHODESIA 
FACULTY OF SCIENCE 


CHAIR BIOCHEMISTRY 


Applications are invited for appointment to the 
Chair and Headship of the Department of Bio- 
chemistry, 


Salary Scales and Conditions (Approx. Stg. 
equiv.j: £7.430 by £277 to £8 812. (Approx. US$ 
equiv: $18,008 by $670 to $21,359. 


Family passages and allowance for transport of 
effects: installation loan: travel allowance for Sab- 
batical and Contact Visits; superannuation and 
medical aid schemes. For persons recruited from 
outside Rhodesia, unfurnished accommodation on 
or near the campus and within easy reach of good 
schools is guaranteed for up to three years. 


Applications: Six copies, giving personal par- 
ticulurs (including full names, place and date of 
birth), qualifications, experience, and publications, 
and naming three referees, should be sent by 
August 31, 1974 to the Assistant Registrar (Science), 
University of Rhodesia, P.O, Box MP.167, Mount 
Pleasant, Salisbury, Rhodesia, from whom further 
particulars may be obtained. Applicants from out- 
side Southern Africa should send an additional 
copy to the Secretary-General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF, from whom further 
information may also be obtained. (212) 





ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Paddington, London W2 IPG 


Applications are invited from engineering 
and physics graduates and chartered en- 
gineers, with not less than four years 
postgraduate training /experience In applied 
electronics research, for an appointment in 
Bio-Engineering Department with team con- 
ducting applied research leading to design 
and development of novel instruments and 
devices for use in a variety of .pecialtics. 
Current activities include projects in surgery, 
obstetrics and gynaecology, urology and bac- 
teriology. Pexcellent facilities. Starting salary 
on scale the maximum of which is £3,285 
plus £162 L.A. pa. Further details from Dr 
R. E. Trotman, Apply, The Secretary. 

(197) 





TECHNICIAN or 
JUNIOR TECHNICIAN 


required to undertake general laboratory duties ist 
new M.R.C. Mammalian Development Unit. Ex- 
perience in histology, photography, or in vitro 
embryo culture desirable. Applicants should pre- 
ferably have experience in a biological research 
laboratory, or hold a University degree in a relevant 
subject. Salary according to age and experience. 
Applications to Dr M. L. Buehr, M.R.C. Mam- 
matian Development Unit, Wolfson House, 4 
Stephenson Way, London NWt 2HE. (225) 








GRADUATE IN BIOCHEMISTRY 


or related fields required to join research group 
gudying effects of diet on metabolism of car- 
cinogens. It is hoped that the sucecssful applicant 
will work for a degree of the University of Lon- 
don. Applications, giving full details of qualifica- 
tians, to The Secretary, The Medical College of 
St Bartholomew's Hospital, West Smithfield, Lon- 
don ECIA TBE quoting reference 661, (222) 
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JUNIOR TECHNICIAN 


required for a research project in the Department 
of Surgery. Apply in writing, stating age and 
giving details of education and experience, if any, 
to the Secretary, Guy's Hospital Medical School, 
London Bridge, SE! ORT, quoting Ref. Dios) 








GLASSHOUSE CROPS RESEARCH 
INSTITUTE 
SCIENTIFIC OFFICER 


required for Entomology Department to join team 
studying INSECT VIRUSES in relation to crop 
protection, involving careful, detailed laboratory 
work, Applicants should be over 21 with degree 
or: equivalent qualification in virology or bio- 
chemistry. Salary within scale £1,435 to £2,329 
funder review) according to qualifications and 
experience. Contributory superannuation scheme 
with additional allowance of 54% of salary to 
offset contributions. Further particulars from Secre- 
tary of the Institute, Worthing Road, Rustington, 
Lituehampton, Sussex, to whom applications giving 
full biographical details should be sent by 31 
July. (208) 





GUY'S HOSPITAL MEDICAL SCHOOL 


Applications are invited from medical graduates 
for the post of Junior Lecturer or Lecturer (full 
time or part time) in the Department of Physiology. 
The duties include teaching practical physiology, 
with man as a subject, and with emphasis on 
relevance to medicine. 

The person appointed will have opportunity to 
follow his own line of research or to join in with 
current work. There are excellent facilities for 
co-operative research with other. departments, both 
academic and clinical. For a recently registered 
graduate there are good facilities for preparation 
for the examinations for higher diplomas. 

Salary (October 1974 rates, full time) for Junior 
Lecturer £2,580 to £3,285 and for Lecturer £3,285 
ie ied plus £162 London Allowance and 


Application forms are obtainable from the Dean, 
Guy's Hospital Medical School, London Bridge 
SEI ORT and should be returned not later than 
July 29, 1974, (221) 





UNIVERSITY OF BIRMINGHAM 


Applications are invited for the post of 


CURATOR 


of the University Botanic Gardens. 


Candidates should possess the relevant borti- 
cultural qualifications and good practical experience. 
Previous experience in the organisation of botanic 
gardens for teaching and research purposes is 
desirable but not essential. Salary is from £2,817 
to £3,201 according to experience and qualifications. 
Rented accommodation is available. 

Please apply to: 


The Senior Assistant Secretary, 

University of Birmingham, 

P.O. Box No. 363, 

Birmingham BIS 2TT, 

Reference: 133/B/288. (224) 





NATIONAL COUNCIL FOR 
SCIENTIFIC RESEARCH 


Applications are invited for an immediate vacancy 
for a: 


SENIOR PRINCIPAL PROFESSIONAL 
OFFICER IN ANIMAL PRODUCTION, 
ANIMAL PRODUCTIVITY 
RESEARCH UNIT 


Applicants must hold postgraduate University 
degrees in agriculture, animal science, veterinary 
science, of animal nutrition, animal physiology or 
animal management. Candidates should have ex- 
tensive practical research experience. The successful 
candidate will be responsible for developing, in 
relation to the Animal Productivity Research Pro- 
gramme, policy on animal production research and 
supervising the work of the Research Unit. He 
would be required, under the direction of the 
Council to collaborate with Government Depart- 
ments and purastatal organisations. 

The salary scale is in the range of K7,000 by 
K200 to K7,600. A gratuity of 20 to 30 per cent. 
depending on the length of service is paid to non- 
Zambians, Travel and education allowances are 
available for minor dependent children. Comfort- 
able accommodation with basic furniture will be 
provided at low rental. 


Applications giving full personal details, qualifi- 
cation and experience and naming three referees 
should be sent to: e 

The Secretary-General, 

National Council for Scientific Research, 
P.O. Box CH. 158 

Cheiston, 
_ LUSAKA, 
Zambia, (228) 


> 















the international leaders — 








We are Europe's largest. research unit operating in 
the field of Life Sciences. As a result of our rapid 
and continuing expansion there are new vacancies 
for graduates and technicians in our Department of 
Metabolism and Pharmacokinetics. 
Candidates should possess or be studying for an 
- appropriate qualification (HNC, MIBiol, GRIC, 
BSc, PhD). The work will involve studies of the 
metabolic fate and pharmacokinetics of labelled 
drugs, pesticides and food additives using radioisotopes. 
Relevant experience would be desirable but is not 
essential, Proven practical ability is of prime importance. — 
These vacancies provide an ideal opportunity for 
suitably qualified scientific staff to join one ofthe. = 
leading drug metabolism research groups in the UK. 
Attractive career opportunities based on merit exist. 
The centre is located near Huntingdon in an attractive 
part of the country with good access to London by- 
road and rail. We offer excellent working conditions 
together with progressive general benefits, a competitive 
salary and the usual pension and other fringe benefits. 
Please write or telephone for an application form to 
Mrs. Nancy McCree, Recruitment Officer, 
Huntingdon Research Centre, 
Huntingdon PE18 6ES. | 
Tel: Woolley (STD 048 086) 431, . | 
quoting reference number 301. = > 






























Lister Institute of Preventive Medicine 








(University of London) 
Elstree, Herts. 


The Lister Institute requires a Manager to take charge of the production for 
human use of bacterial vaccines, virus vaccines and therapeutic sera at its 
Elstree Laboratories. Applicants must have considerable experience in the 
organisation and day to day running of a unit producing biological materials; 
and the person appointed will play a major part in planning and implementing 
a considerable expansion in production, The salary will be in accordance with 
experience and qualifications and will be appropriate to a post of this 
seniority. Superannuation under F.S.S.U. 








Applications to: The Secretary, 
Lister Institute of Preventive Medicine, 
Elstree, Hertfordshire. 
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AUSTRALIA 


DIVISION OF COMPUTING RESEARCH 
CANBERRA 


RESEARCH SCIENTIST 


The Commonwealth Scientific and Industrial Research Organisation has a 
broad charter for research into primary and secondary industry areas. The 
Organisation has approximately 6,500 employees—2,100 of whom are research 
and professional scientists—located in Divisions and Sections throughout 
Australia. 


ai COMPUTER 
STIMULATION OF 
BIOLOGICAL SYSTEMS 


GENERAL: The Division of Computing Research, with headquarters in 
Canberra, A.C.T., has recently installed a CDC 76 (commonly called a 7600 
computer). The capacity and expansion potential of the configuration provide 
an unsurpassed tool for research and development projects. A rapidly expand- 
ing network of mini computers at CSIRO research centres enables the 
concentration of interactive and batch work in Canberra. Currently tweive 
batch terminals and more than one hundred interactive terminals are 
connected, 


Major research studies at present include simulation techniques, operating 
systems, computer languages, data-base management and artificial intelligence, 
A consulting service is also provided to other CSIRO Divisions covering all 
aspects of computer use including applications packages, data logging, 
numerical analysis and the methodology of modelling and simulation. 


An increasingly important part of the Division's activities is concerned with 
computer modelling and simulation of systems having biological components. 
Projects of interest include insect and parasite control, plant and animal 
growth, nutrient cycling in grazed pastures, aquatic ecosystems and arid-zone 
ecosystems. Areas of research cover: continuous, discrete and specialised 
simulation languages, numerical methods for use with such languages, pro- 
babilistic processes, and hierarchical techniques for the modelling and opti- 
misation of complex systems. 


DUTIES: To conduct research on improved methods for the computer 
modelling and simulation of complex systems, with special reference to 
biological systems. 


QUALIFICATIONS: A Ph.D. degree in an appropriate biological field or 
equivalent qualifications together with demonstrable research ability. Con- 
siderable computational skill and ability to develop computer models are 
desirable. 


SALARY: The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist: $A9,698 to $A14,/06 p.a. 


TENURE: The position is available for an indefinite period and Australian 
Government Superannuation benefits are available. 


Applications stating full ‘personal and professional details, the names of at 
least two professional referees and quoting Reference Number 900/251, 
should reach:— 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 
LONDON, 
WC2B 6BD 

by the 9th August, 1974. 
Applications in U.S.A. and Canada should be sent to 
The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. 
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UNIVERSITY OF WESTERN 
AUSTRALIA 
PERTH 


CHAIR OF GEOLOGY 


Applications are invited for the above-mentioned 
appointment which will became vacant on the 
retirement of Professor R. T. Prider on December 
31, 1975. No specific field of interest has been 
assigned to the position and specialists in any of 
the maor areas of Geology will be considered. 
Policy regarding headships of departments in the 
University is currently under review. but it is 
intended that the appointee to the Chair will be 
Head of the Department of Geology for an initial 
term of ut least three years. 


The salary for a Professor is $A19,614 (currently 
about £12.325) pa. Benefits include superannuation 
similar to F.S.S.U.. fares to Perth for appoinice 
and dependent family. removal allowance, studs 
leave and Jong service feave and housing joun 
scheme. Further information including conditions 
of appointment may be obtained from the Staffing 
Officer in the University, or from the Association 
of Commonwealth Universities (Appts). 36 Gordan 
Square, London WC1H OPF. 


Applications in duplicate stating full personal 
particulars, qualifications, experience and the names 
and addresses of three referecs should reach the 
staffing Officer, University of Western Australia. 
Nedlands, Western Australia 6009, by August 17, 
1974, (230) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF PHARMACOLOGY 
RESEARCH ASSOCIATE 
(CLINICAL. NEUROPHYSIOLOGIST) 


Applications are invited from medically qualified 
or other suitably qualified candidates, with experi- 
ence in clinical neurology. for the post of Research 
Associate in Neurophysiology in the Department 
of Pharmacology to join a multidisciplinary research 
team investigating the actions of psychotropic drugs 
in man. The appointment will begin on October 1, 
1974 (or earlier if possible) and will be for one 
year in the first instance, renewable up to a maxi- 
mum of three vears in all. Commencing salary 
according to age, qualifications and experience, will 
be within the following ranges: 

Medically qualified £3,021 to £3,363 pa. 
Non-Medically qualified £2,118 to £2,931 pa. 


Applications giving the names of two reterces 
should be submitted within three weeks of the 
appearance of this advertisement to Professor J. W. 
Thompson, Clinical Pharmacology Unit, 13 Fram- 
linuton Place. Newcastle upon Tyme NEZ 4AB 
from whom further information may be obtained 
if required. (232) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 


POSTGRADUATE RESEARCH 
ASSISTANT 


Applications are invited for an M.R.C. funded 
Research Assistantship in a group studying the 
control of gene expression during blood cell 
differentiation, under the supervision of Dr N. 
Maclean. Ap@licants should have a good honours 
degree in biology, Biochemistry or genetics, and 
may be permitted to register for a higher degree. 
In the latter case the salary will be appropriately 
reduced. 








The appoinment will be for three years from 
October 1, 1974 (one year in the first instance) 
and salary will be in a range up to £1,700 per 
anur. 


Applications giving a curriculum vitae and the 
names of two referees should be sent to the Deputy 
Secretary's Section, The University, Southampton 
SO9 SNH, to arrive not later than July 22, 1974. 
Please quote reference Na/253/R. (233) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 
TECHNICIAN—GRADE 5 
(PROTEIN CHEMISTRY) 


A TECHNICIAN will be required from October 
1. 1974 in connection with research (Professor 
W. V. Shaw) into the structure, function, and 
evolution of proteins. The techniques used will 
include conventional and novel methods of peptide 


®purification. and automated approaches to primary 


sequence determination. Applicants must have 
experience in Protein Chemistry. 
Please write to Chief Technician, Department of 


Biochemistry, University of Leicester, Leicester LE} 
TRH by August 15, 1974. (236) 
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Royal Hospital for 
Sick Children 


Department of Pathology 


Apnlications arc invited for twa vacancies 


(1) GRADUATE, preferably postdoctoral 
for research into glycopratein production by 
cultured cells in relation to Cystic Fibrosis, 
Previous experience in this field not essential. 

(2) GRADUATE AS TECHNICIAN or 
TECHNICIAN for research on the Ivsosomal 
enzymes of cultured cells in inborn errors of 
metabolism. Previous cxperience in this field 
not essential, 


Applications in writing, giving names and 
addresses of two referees to the Sector Ad- 
ministrator, Royal Hospital far Sick Children, 
| Billbank Terrace, Edinburgh EHS ILN. 
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ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Tooting, London SW? 0QT 
DEPARTMENT OF PHYSIOLOGY 


HISTOLOGY TECHNICIAN GRADE 3 


Applications are invited for the post of Tech- 
nician Grade 3 to assist whh an M R.C. programme 
of rescarch on experimental iung disease with 
amphasis on neurohistulogy and mucus production. 
This recently formed department has an active 
interest in fight mictoscopy, histochemistry and 
electronmicroscopy of the lungs. Some experience 
in these techniques is preferable but is not a 
necessary requirement., 

Salary scale £1,650 to £1,920 (under review) 
plus London Allowance, depending on experience. 

Applications should give full details of qualfi- 
catons, experience and present employment, and 
be sent to Professor J. ©. Widdicombe at above 
address. (2373 





NATIONAL COUNCIL FOR 
SCIENTIFIC RESEARCH 


Applications are invited from suitably qualified 
persons for the post of: 


BIOMETRICIAN 


Applicants must have post-graduate degree or 
experience in mathematics or statistics with con- 


perimentation. Exncgence ifl ae survey tech- 
niques, and biometrics rescarch is edesirable. 


The Unit is primarily a consulting group and 
collaborates with various research units of the 
Council in fields such as animal productivity, 
forestry and insect ecology. It also advises and 
assists organisations outside the Council on 
statistical problems. 


Salary according to qualifications and experience 
on the salary scales indicated. below but a higher 
salary would be offered to exceptionally wel- 
qualified and experienced senior scientists. 


Senior Professional Officers K4,680 by K240 to 
K 5.640. 


Principal Professional Officers K5,840 by K240 to 
K6,800. 


For Zambians there is a superannuation scheme. 
Non-Zambians will be paid a gratuity of 24% of 
aggregate busic salary earned during service of net 
fess than thirty months. 


Accommodation will be provided on an economic 
rental basis but not exceeding 10% of basic salary. 
Hard furniture will be provided. For non-Zambians 
travel and educational allowances are available for 
minor dependent children attending school outside 
Zambia, 

Applications giving full personal details, quali- 
fications, experience and naming three tefe ergs 
should be submitted to 

The Secretary-General, 

National Council for Scientific Research, 
P.O. Box CH. 158, 

Chelston, 

LUSAKA, 

Zambia, (229) 





CSIRO 
AUSTRALIA 


DIVISION OF COMPUTING RESEARCH 
CANBERRA 





RESEARCH SCIENTIST; 
SENIOR RESEARCH SCIENTIST 


The Commonwealth. Scientific and Industrial Research Organi Aon: has a 
broad charter for research into primary and secondary industry areas. The 
Organisation has approximately 6.500 employees—2,100 of whom are research 
and professional scientists—located in Divisions and Sections throughout 
Australia, 





FIELD: 





GENERAL: The Division of Computing Research has a Control Data Cyber 76 — 
Computer (commonly called a 7600) in Canberra. With processor capable of 
averaging fifteen million instructions per second, central memory exceeding 
three million characters, disc capacity of twelve hundred million characters, 
and with substantial expansion capacity, the configuration provides an 
unsurpassed tool for research and development projects. 


The Cyber 76 computer is currently linked to a network of batch terminals 
by a Control Data 3600 Computer. This will be replaced by a pair of more 
powerful “front-end” computers in 1975, 


A rapidly expanding network of mini computers at CSIRO research centres 
is linked by Australian Post Office data services and enables the concentration 
of interactive and batch work in Canberra. Currently, about thirty batch 
terminals and about two hundred interactive terminals are connected. 


DUTIES: To work as part of a team engaged in maintenance and development 
of operating system software for both the Cyber 76 and the new front end 
computers. Members of the team are expected to take some responsibility 
for han to-day system maintenance but will also need the ability to undertake 
original and major development projects without detailed supervision or 
guidance. 


Areas of likely development include the provision of interactive access to 
the Cyber 76 and front end computers, job scheduling, archival file storage 
and connection to communication networks. 


QUALIFICATIONS: A Ph.D. degree (or equivalent) in computing science, 
together with demonstrable research ability. Previous experience in operating 
systems work is essential. 


SALARY: Appointment will be made within the ranges of Research Scientist 
or Senior Research Scientist: $A9,698 to $A14,706 p.a. 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are available. 


Applications stating full personal and professional details, the names of at 
least two professional referees and quoting Reference Number 900/248, 
should reach: 


The Personnel Officer, 

Australian Scientific Liaison Office, 
64-78 Kingsway, 

LONDON WC2B 6BD 


by August 9, 1974. 
Applications in U.S.A. and Canada should be sent to: 


The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. (246) — 

























AUSTRALIA 


DIVISION OF ANIMAL GENETICS 
NORTH RYDE NSW 


RESEARCH SCIENTIST, 
SENIOR RESEARCH SCIENTIST 


The Commonwealth Scientific and Industrial Research Organisation has a 
broad charter for research into primary and secondary industry areas. The 
Organisation has approximately 6,500 employees—2,100 of whom are research 
and professional scientists—located in Divisions and Sections throughout 


ao LATION AND 
QUANTITATIVE 
ENETICS, POULTRY 


GENERAL: The Division of Animal Genetics is concerned with research ig 
genetics which has immediate or potential application to animal production. 
it has field stations and laboratories at which sheep, beef and dairy cattle 
work is in progress, and a poultry unit located at the Divisional headquarters, 
North Ryde, N.S.W. The work of the headquarters laboratory also includes 
mice, Drosophila, Paramecium, microbial and viral genetics, molecular and 
developmental genetics and theoretical population genetics. 


FIELD: 












DUTIES: To cooperate with present staff in carrying out the current pro- 
gramme of research in the genetics of egg production and in the further 
development of that programme or of other relevant areas of the genetics 
of poultry production traits. The emphasis in the current programme is on 
selection fer higher ovulation rate and on the genetics of variability of egg 
weight. The appointee will have adequate freedom to pursue personal in- 
terests, experimental or theoretical, within the overall programme. 


QUALIFICATIONS: An appropriate Ph.D. degree or equivalent qualifications 
supported by satisfactory evidence of research ability. Satisfactory knowledge 
and experience of the statistical and computer methods applicable to analysis 

population or quantitative genetics experiments are essential. Some 
experience of working with poultry would be an advantage. 


SALARY: The appointment will be within the salary ranges of Research 
Scientist or Senior Research Scientist: $A9,698 to $A14,706 pa. 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are available. 


Applications giving full personal and professional details, the names of at 
least two professional cee and quoting Reference Number: 675/36] 
should reach: 

The Personnel Officer, 

Australian Scientific Liaison Office, 

64-78 Kingsway, 

LONDON WC2B 6BD 

as | by August 9, 1974. 
Applications in U.S.A. and Canada should be sent to: 
The Counsellor (Scientific), 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. (247) 
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UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ZOOLOGY 


Resvarch Assistant to work wit Dr M. Burrows 
on neuronal mechanisms of insect fight. This three 
year posi is supported by the Nuffield Foundation. 
Salary £1,467 to £2,388 pa. Apply to Dr M. 
Burrows, Department of Zoology, Downing Street, 
Cambridge CB2 EJ. (241) 








UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 


RESEARCH ASSOCIATESHIP 


Applications are invited for an appointment of 
up to three years under a Science Research Council 
grant for “Experimental study of scattering of ligh 
by liquid and solid helium’. Candidates should 
have a Ph.D. in Physics. Experience in Cryogenics 
or high resolution Spectrascupy an advantage. 

Salary on scale: £1,758 to £2,412 (exceptionally 
£2,931). Plus F.S.S.U 

Applications (3 copies), naming 3 referees should 
be submitted to the Assistant Registrar ($3, P.O. 
Box 363. Birmingham BIS 2TT by August 12, 1974. 
Please quote reference: NP2. (240) 


CALL FOR PAPERS 


Third International Conference on the Physics 
and Chemistry of Asbestos Minerals, August 17-21, 
1975. 

The Conference will be held at Laval University 
in Quebec City, Canada. Those imterestced in 
presenting a paper should communicate without 
delay with Dr C. A. Olivier, Mineral Rescarch 
Center, Department of Natural Resources of 
Quebec, Canada CIV 4C7. 

Sessions on the folowing topics are planned: 

Physics—-Surface properties; Mechanical proper- 
ties: Electrical properues; Magnetic propertics; 
Electron microscopy. 

Chemistry—Compuosition; Sacrow Crystal 
structure; Solid state reactions (dehydration, oxida- 
tion, reductions; Reactions with solutions. 

Geochemistry——Formation, Synthesis, Phase rule 
studies: Trace elements. 

Techaology-——-Progress in applications of the pro- 
pertics af asbestos to industrial processes and 
products {e.g. asbestos-cement. reinforced plastics, 
insulation materials; textiles, ete.) 

Biological Research in Asbestos--Biochemical 
and Biophysical effects of asbestos minerals. (255) 


NURSING OPPORTUNITIES IN AUSTRALIA 


NATHALIA DISTRICT HOSPITAL 
NATHALIA, VICTORIA * 
GENERAL AND MIDWIFERY 
SISTERS 


are invited to apply for two vacancies at this 1&-bed 
hospital. Salary is currentiv $A130.90 per week 
plus penalties with an above award payment of 
$156.00 paid half yearly. 

The hospital is modern and the nurses’ home 
comfartabl:. Nathalia is sftuated in central Victoria 
in the Murray Valley and hus a mild and sunny 
climate. Regular bus service to Melbourne and 
other provincial cities. AH social and recreational 
facilities are available locally. 

Help will be given successful appointecs in 
travelling to APustralia. 

Apply without obligation to Matron B. Millar, 
District Hospital, Nathalia 3638, Australia, (256) 





AMGUEDDFA GENEDLAETHOL 
CYMRU 


NATIONAL MUSEUM OF WALES 


APPOINTMENT OF 
ARCHAEOLOGICAL CONSERVATOR 


Applications are invited for the new post of 
ARCHAEOLOGICAL CONSERVATOR $ (Research 
Assistant Eor H) in the Department of Archaeology. 
The successful candidate will be in charge of the 
existing departmental laboratory, in which the con- 
servation staff of the Council of Museums in Wales 
also enjoy facilities, and will be responsible to the 
Keeper of Archaeology. Applicants should have 
appropriate qualifications and experience in Con- 
servation and particular know ledge of casting tech- 
niques and pottery restoration would be an 
advantage. 

The grading of the past, cither Research Assist- 
ant I (Salary scale £2.332 toa £2,997) or Research 
Assistant H (Salary scale £1,507 ta £2,445), and the 

garing salary in the appropriate grade will depend 
pon age. qualifications and experience. Contribu- 
tory superannuation, Generous leave, 

Further particulars and. application forms may 
be obtained from the Secretary, National Museum 
of Wales, Cardiff CF1 3NP to whom ar aOR 
should be sent by Monday, August 19, 1974. 

(257) 
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NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
MILL HILL, LONDON 
JUNIOR TECHNICAL OFFICER 


required to assist on the functional charac- 
terisalion oof the muscarinic cholinergic 
receptor, This work involves both biochemical 
and pharmacological kes, Applicants 
should preferably have 
field and laboratory: 
scale to £2,199 pa 
write giving detailso¢ 
qualifications to Fog 
Officer, N.EM.R., The 
NW7 IAA, Tei: .01-95 
ITO/MP 

































m 








LECTURER IN 5 ; 
GEOLOGY © 
(THAILAND) 
UNIVERSITY. OF CHIENGMAI 
Men preferred between 30 and 50. Master's 
degree from a British university; at least 5 years’ 
relevant experience. : o 
Salary: £3,541 to £4,710 p.a. f 
Benefits; Free furnished accommodation, over- 
seas and education allowances; terminal grant. 
Two-year contract, usually renewable for a 
further period. Return fares are usually paid. Local 
contracts are guaranteed by the British Council. 
Please write, quoting the reference number, for 
further details and an application form to The 
British Council (Appointments), 29 Bressenden 
Place, London SWILE SDD. (258) 


UNIVERSITY OF ST ANDREWS 
RESEARCH STUDENTSHIP 


Applications are invited from suitably qualified 
graduates to work with Dr C. R. Strong in the 
Depurtment of Biochemistry, University of St 
Andrews. The 3-year project would involve studies 
on the control of Lipid metabolism in mammary 
tissue, with particular reference to fatty acid 
synthesis and esterification, 

The value of the award is £695 per annum plus 
approved fees. Applicants should contact Dr C. R. 
Strong, Department of Biochemistry, University of 
St Andrews, North Street, St Andrews, Fife, from 
whom further particulars can be obtained. (259) 











UNIVERSITY OF ST ANDREWS 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a post of 
Research Assistant to work with Dr C. 
Thomson on the computational aspects of 
ab-initio studies of the electronic structure 
of unstable intermediates. The appointment 
will be financed by the S.R.C. and will be 
for two years from October 1974 at a salary 
of £1,400 by £100. The successful candidate 
should possess an Honours degree or equiva- 
lent qualification, and have some background 
knowledge of computational chemistry, and 
experience in Fortran programming. Applica- 
Hons should be submitted by July 31, 1974 
to Dr C. Thomson, Department of Chemistry, 
The University, North Haugh, St Andrews, 
Fife KY16 9ST, Scotland, from whom further 
details of the project may be obtained. 
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ZOOLOGICAL SOCIETY 
OF LONDON 


RECORDER 


for the Zoological Record, a bibli- 
ography of the world's zoological 
literature. Duties include scanning 
literature and indexing of relevant 
material. 


Applicants should possess a degree in 
Zoology. Linguistic ability and previous 
experience in information work would 
be helpful but not essential. Posts 
based at units at the British Library 
Lending Division, Boston Spa and the 
British Museum (Natural History). 
Salary on scale £1,526 to £2,096 plus 
£175 London Weighting if applicable 
(salary and weighting under review). ¢ 
. Applications, with brief details, in 
writing to Managing Recorder, Zoo- 
logical Record, P.O. Box 9, Wetherby, 
orkshire LS23 7EG by July 31. (264) 


XXV 


VAY CLYDE RIVER 
WAS PURIFICATION BOARD 


Senior Assistant 
Marine Survey Officer 


Applications are invited for the above position in a 
multi-disciplinary team of highly qualified scientists 
engaged in the investigation and control of pollution on 
the West Coast of Scotland. A background in physical 
oceanography or mathematical modelling would be 
advantageous but applications from workers in other 
relevant fields will receive serious consideration, The 
post will involve a considerable commitment to the 
efficient organisation and management of the section and 
the appointee will deputise for the Marine Survey Officer. 
The work of the section currently includes major 
investigations related to the siting of marine outfalls, 
long-term biological and chemical monitoring of the 
marine environment and the study of circulation and | 
dispersal of pollutants in the Clyde Sea Area. The Board 
has appropriate laboratory facilities and instrumentation 
and a replacement 54 foot survey vessel is nearing 
completion. 


The post is superannuable. Salary will be within the 
range of £3,360 to £3,858. An essential user car 
allowance is provided. 


Applications stating age, qualifications and experience, 
together with the names and addresses of two referees 
shduld be submitted to the Acting Director, Rivers 
House, Murray Road, East Kilbride, Glasgow G75 OLA, 
not later than July 31, 1974. 
. (254) 









NEW ZEALAND | 
Ministry of Agriculture & Fisheries 












Applications are invited for the undermentioned vacancy: 

Vacancy Scientist (agronomy 

Invermay Agricultural 
Research Centre 


SALARY : According to qualifications and experience, 








DUTIES: To assist with a large programme of varietal, fertiliser, 
cultivation and crop rotation studies. Opportunity exists for 
independent research. Good field and laboratory facilities are available 
on 500 hectare station. 


QUALIFICATIONS DESIRED: Ph.D. or M.Agr.Sc. 
PASSAGES: Fares for appointee and his wife and family, will be paid. 


INCIDENTAL EXPENSES: Up to NZ$120 for a single man and NZ$800 
for a married man can be claimed to cover the cost of taking personal 
effects to New Zealand. 


















Application forms and general information are available from the 
High Commissioner for New Zealand, New Zealand House, Haymarket, 
London, SWIY 4TQ, with whom applications will clase 

on 22 August 1974. 


Please quote reference P/T 105 when enquiring. 
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British Museum (Natural History) 
Department of Mineralogy 


Analytical Chemist 


E Undertake chemical analysis of rocks, meteorites and minerals 


FELLOWSHIP IN SALMON 
DISEASES 

Applications are invited by the Atlantic 
Salmon Research Trust for a Research Fellow 
to be based at the Farran Laboratory of the 
Salmon Research Trust of Ireland, Newport, 
Co. Mayo, Ireland, in association with the 
Unit of Aquatic Pathobiology of the Uni- 
versity of Stirling, with whom the successful 
candidate will be expected to register for a 
Ph.D. Application forms and conditions of 
service are available from the Director, 


Atlantic Salmon Research Trust Ltd., 29 
South Street, Farnham, Surrey. Completed 


application forms to be received by July 31. 





peau 4 
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INSTITUTE OF CHILD HEALTH 
(UNIVERSITY OF LONDON) 


Ministry of Agriculture, 
Fisheries and Food 
Pest Infestation Control 
Laboratory, Slough 


RESEARCH STUDENTSHIP 


Applications are invited from Honours Graduates 
in Biochemistry for a 3-year research studentship 
at the Institute of Child Health. The work will be 
concerned with certain aspects of vitamin E trans- 
port in the small intestine both in the experimental 
animal and patients, and the successful candidate 
will be expected to register for a higher degree. 
Starting salary £1.506 p.a. Applicants should send 
their curriculum vitac and the names of 2 referees 
to Professor O. H. Wolff, Department of Child 


information Scientist 





03} Degree or equivalent in a biological or physical science () § years’ post- 


£3500) ©) Ref: SB/9/AF. 


Chemist 

E To work in the Pesticides Regulatory Section E Preparation of 
technical documents and reports on the chemistry, toxicology and 
related safety aspects of pesticides W Attend technical committees, 
and liaise with industry, universities and other government depart- 
ments on new pest control techniques. 

CI Degree or equivalent in chemistry or biochemistry | Age under 27 `! 
Appointment as Scientific Officer (£ 1700~around £2800) 7 Ref: SB/8/AF. 

= Application forms (for return by 2 August 1974) from Civil Service 
| Commission, Alencon Link, Basingstoke, Hants, RG21 1JB or telephone 
Basingstoke 29222 ext. 500 or London 01-839 1992 (24 hour answering 


Health, 
Street, London WCIN IEH. 


Institute of Chid Health, 
(166) 


Esro Fellowship in 


Infrared Astronomy 


Applications are invited from ex- 
perienced infra-red astronomers for 
Fellowships to work in the Astronomy 
Division, ESTEC, on Michelson in- 
strumentation. for measurements of 
the ionic fine structure lines in HII 
regions and on the heterodyne detec- 
tion of molecular line emission at 
sub-millimeter wavelengths, Aircraft 
and balloon borne telescope will be 
used. 


Candidates must hold a Ph.D. in 
a relevant field of research. 


The posts are tenable for up to 


30 «Guilford 





service). 


CIVIL SERVICE 
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FELLOWSHIPS AND STUDENTSHIPS 





UNIVERSITY OF MANCHESTER 
DEPARTMENT OF CHEMISTRY 
POSTGRADUATE STUDENTSHIP 


Applications are mvited for an S.R.C.—C.A SE, 
studentship to work on the mechanism of chela- 
tion and demetallisation of metal complexes with 
Dr, J. A, Connor and in collaboration with Dr. 
R.: Price of LCI. Organics Division. The project 
will involve both preparative organic and imorganic 
chemistry together with the application of physical 
methods of measurement im the elucidation of a 
problem which is of basic importance to transi- 
tion metal chemistry and of significance to the 
dyestuffs and metalurgice industries. Applicants 
should write as soon as possible to Dr. J. A. 
Connor, Department of Chemistry, University ot 
Manchester, Manchester M13 9PL. - (54) 


ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 
DEPARTMENT OF BIOLOGY 
POSTDOCTORAL RESEARCH 


Applications are invited from graduates in 
pharmacology or related subjects for a three-year 
research post at the postdoctoral level, supported 
by The Nuffield Foundation. The project concerns 
the rôle of genetic variation in the ability to 
metabolise foreign substances in the mouse, Starting 
date October or November 1974. Technical help 
will be available. 

Salary £2,091 to £2,220 to £2,385 p.a. Plus 
F.S.S.U. Applications, with curriculum vitae and 
two referees, to Dr. I. E. Lush, Department of 
Biology, Royal Free Haspital School of Medicine, 
8 Hunter Street, London WCIN 1BP. (94) 


two years. Further information can 
be obtained from 


Head of Personnel 

European Space Research 
and Technology Centre 

Domejnweg 

Noordwijk 

Holland. 





UNIVERSITY OF READING 


Applications are invited for an S.R.C., C.AS.E. 
Studentship in Colloid Science leading to the Ph.D. 
degree for work on the stability of emulsions. The 
work will be carried out jointly with [.C.1. Plastics 
Division, Welwyn. Applicants should possess a 
good honours degree in chemistry or equivalent. 
Apply to Dr M. Hardman, Department of 
Chemistry, The University, Whiteknights, Reading 
RG6 ZAD. (Ref: MN 28). (178) 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 


Applications are invited from graduates with a 
Ist of upper 2nd class Honours degree in Bio- 
chemistry or other relevant subject, or from those 
gedunn this year, for an S.R.C. Research 

udentship tenable from October 1, 1974, leading 
to a higher degree in the University of London. 
Applicants should send a. curriculum vitae and the 
names of two referees, as soon as possible. to 
Professor J. A. Lucy, Royal Free Hospital School 
of Medicine, 8 Hunter Street, London wean 
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Queen Elizabeth II 
FELLOWSHIPS 


. inthe Physical and Biological Sciences- 


To commemorate the Royal Visit to Australia in 1963 the Australian Government 


established the Queen Elizabeth II Fellowships Scheme. Under this scheme up E 


to ten fellowships may be awarded each year for full-time research by young 


scientists of exceptional promise and proved capacity for original work. These || 


are post-doctoral awards tenable in an Australian university or approved 
research institution normally for two years. Tenure of a Fellowship is expected 
to commence within nine months of the announcement of the award. 


QUALIFICATIONS Queen Elizabeth 
II Fellows must be either Australian 
or United Kingdom citizens. They 
should have a Ph.D., or equivalent 


| qualifications in one of the physical or 
= biological sciences (which aredeemed to 


include mathematics and the scientific 


= aspects of statistics, engineering, metal- 


lurgy, agriculture and medicine). 

Awards will in general be restricted 
to applicants who are not more than 
30 years of age on the date when app- 
lications close. 


STIPEND $9,500 (Australian) per 
annum — increased to $10,250 per 
annum at age 28 years. 


ALLOWANCES are payable in respect 


of a Fellow’s wife ($500 p.a.), each | : 


dependent child ($200), superannuation 
payments(up to r0 per cent of stipend), 


appropriate insurance coverage and | 


necessary travel expenses. Host institu- 
tions are paid an allowance towards 


the cost of setting up the fellow and his aad , — 


research work. 


APPLICATIONS Persons interested in applying for the above fellowships should obtain 
application forms and a statement of the conditions of award from the Secretary, Queen 
Elizabeth Fellowships Committee, Department of Science, P.O. Box 449, Woden, A.C.T., 
2606, Australia; Education Liaison Officer, Canberra House, Strand, London, WC2R 3EH, 
England; or The Consul General, Australian Consulate General, 636 Fifth Avenue, New 
York 20, N.Y., 10020 U.S „A. Applications for the next round of awards which will be 
announced in December 1974 close at the Canberra address on 6th September 1974. 
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NEWCASTLE UPON TYNE POLYTECHNIC 
Ellison Building, Ellison Place, Newcastle upon Tyne NEIL SST 
DEPARTMENT OF MATERIALS SCIENCE 


RESEARCH FELLOW 
This post is concerned with the development of plastics reinforced wih carbon and 
other fibres for medical and dental applications. Candidates should Rave at jast two 
years postgraduate research experience, preferably on engineering aspects of the use of 
materials, 
RESEARCH ASSISTANTSHIPS AND STUDENTSHIPS 
Several posts are available for work on the following topics, 
(i) Mechanical Properties of Composite Materiais. 
(2) Spectroscopic Studies (LR. N.M R., Raman) on 
(a) Structure and Properties of Polymers. 
th) Structure and Properties of Biological Materials. 
(3) Thermal Behaviour of Polymers Including the Effects of Fire on Structural 
Mattriais. 
(4) Studies on the Application of Polymer Films in Spectroscopy and Medicine. 
Candidates should have or expect to have a good first degree or professional qualifica- 


tion in an appropriate science or technology, and must be eligible to register for a 
higher degree (M PhiL, PR D.Y. 


RESEARCH TECHNICIAN 
Candidates should have a good knowledge of clectronics and instrumentation, and 
will be required to operate and maintain a wide range of equipment assaciuted with 
the research laboratories. 
All posts described above will be under the supervision of Dr T. R. Manley. 
Salary Scales: 
Research Fellowship--£1,926 to £2,235. 
Research Assistantships—£1.200 to £1,800 {under review). 
Research Studentships-—S_.R.C. rates. 
Research Technician----£1,242 to £1,644. 
For further details and application forms, returnable by August 7, 1974, send stamped 
addressed foolscap envelope to the Chief Administrative Officer. (185) 


UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF PURE AND APPLIED CHEMISTRY 


SENIOR RESEARCH FELLOWSHIPS IN 
SYSTEMS STUDY OF INTENSIVE FOOD 
PRODUCTION PROCESSES 


Applications are invited for two Fellowships that will appeal to graduates 
between 24 and 28 years of age, who, already having experience in their 
profession, would enjoy thinking in a broader perspective touching on 
futures research. No particular qualification is prescribed since the members 
of study group will be complementary, but appointees are likely to have 
experience in more than one of the following: microbiology, food science, 
food processing, chemical plant design or operation, thermodynamics, 
physical chemistry or system dynamics, An interest in economics and 
systems would be useful. 


The Fellowships are tenable for two years from September 1974 at a 
salary up to £3,000 per annum with FSS U. 


Applications and enquiries (quoting R23/74) should be addressed to Dr M. 
Slesser, Department of Pure and Applied Chemistry, University of Strath- 
clyde, Thomas Graham Building, 295 Cathedral Street, Glasgow G1 XL, 
as soon as possible. (172) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


_ Applications are invited for a POSTDOCTORAL 
RESEARCH FELLOWSHIP for studies on chemical 
carcinogenesis. The appointee will jom a team 
working on chemical and biochemical aspects of 
polycyclic aromatig hydrocarbon binding to DNA, 
ranging from synthetic and structural organic 
chemistry to tissue culture. Candidates should hold 
for expect to gain) a Ph.D. in organic or biological 
chemistry and experience in nucleic acid chemistry 
is desirable but not essential. Tenable from October 
1, 1974 or a date to be arranged until September 
10, 1975 at a salary not less than £1,923 per annum 
plus FSS U. Applications, including a curriculum 
Vitae and names and addresses of two referees to: 
Dr G. M. Blackburn, Department of Chemistry, 
The University. Sheffield S3 THF. Please quote 
reference R106/G. {156} 


UNIVERSITY OF MANCHESTER 


A Research Fellow and a graduate Research 
Assistant required to work on the immunology of 
bladder cancer. The Fellow should have previous 
experience of cellular immunology and tissuc culture 
techniques and may have either medical or scientific 
qualifications. Postgraduate experience is not essen- 
tial for the Research Assistant post, and the 
successful candidate may be able to register for a 
postgraduate degree. Both appointments are for 3 
years. Salary pa. according to age, experience and 
qualifications (maximum initial rate for the Fellow- 
ship. £3,090, for the Assistantship, £1,900). Appli- 
cations. including a dul curriculum vitat with 
names and addresses of two referees, as soon as 
possible to: Dr Gc. firey Taylor, Immunology 
Laboratory, University of Manchester, Stopford 
Building, Manchester Mii SPL. (188) 
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THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY 


A MRC. Postgraduate Studentship is available 
in tke above Department for research in Labour 
Ward data handling. Minimum = qualification ru- 
quired: good second class honours in science or 
engineering. The Labour Ward includes a com- 
prehensive palicnt monitoring <ysikem based on 
equipment designed in department. PDP B/E com- 
puer available, currently used to analyse fetal 
heart rate data and predict fetal outcome, pro- 
posed to extend this facility to include more data 
from mother and baby. Applications to Dr R. 
J Parsons. Lecturer in Medical Physics, Jessop 
Hospital for Women, Sheffield S3 7RE. as soon 
as possible, Quote Ref. R.107/G. (170) 








UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 
M.R.C. RESEARCH STUDENTSHIPS 


available for candidates with good Honours De- 
grees in Physiology, Pharmacology or Biochemistry 
wishing to study for a Ph.D. 

Apply immediately to Department of Neurology. 
Institute of Psychiatry, De Crespieny Park. Den- 
mark Hil. London SES 8AF or telephone 01- 
703 S4it ext 136. (196) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


IOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 


RESEARCH FELLOW /SENIOR 
RESEARCH FELLOW IN 
PHARMACOLOGY 


Applications are invited for appointment as Re- 
search Fellow or Senior Reesarch Fellow in the 
Department of Pharmacology (Head: Professor 
D R. Curtis, FAA.. FERS) Applicants will be 
expucted to have research experience m either 
neuropharmacology using micro-electrophoretic 
techniques (Professor D, R. Curtis}. neuro-chemisiry 
or organic chemistry of centrally active compounds 
(Dr. G. A. R. Johnston). 


Further information may be obtained from Pro- 
fessor Curtis (uly-Seprember c/o Department of 
Pharmacology. University of Cambridge, Hills 
Road, Cambridge CB2 2QD) or Dr Johnston, in 
the University. 


Cioxing date: August 1, 1974. 


RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 
RESEARCH FELLOW 
DEPARTMENT OF ENVIRONMENTAL 
BIOLOGY 


The Department (Head: Professor R. O. Slatyer, 
AA} has an active programme of research in 
pant and animal ecology and related arcas of 
plant physiology. A post is now available for an 
ecologist interested in aspects of community or 
population ecology. Present interests in these sub- 
jects include: (a) Effects of environmental factors 
om the structure and function of communities and 
of whole ecosystems {b} First-order mteractions 
between speci within an ecosystem, €g. competi- 
tion between species dependent onm similar physical 
or biotic resources, interactions between herbivore 
and plant, between predator and prey, (c} Higher 
order effects im which the interaction between 
species are mediated by the activity of other biotic 
factors in the system. 


Applicants should have a Ph.D. in ecology or 
related areas of biology and an interest in the 
general areas described above. The Department has 
excellent facilities and support for both laboratory 
and field work, plus a strong team of technica! 
supporting staff. 


Closing date: August 2, 1974. 


SALARIES: Salary on appointment will be in 
accordance with qualifications and experience within 
the ranges Senior Research Fellow $A13.163 to 
$A15.548 pa. Research Fellow $A9,002_ to 
$A12.269 p.a. 


OTHER CONDITIONS: Tenure: Senior Research 
Fellow and Research Fellow normally for three 
years with the possibility of extension to a maxi- 
mum of five years. 

Reasonable travel expenses are paid and assist- 
ance with accommodation i provided for an 
appointce from outside Canberra. Superannuation 
is on the ESSU, pattern with supplementary 
Benefits. 


The University reserves the right not to make 
an appointment by invitation at any time. 


Prospective applicants should write to the Asso- 
ciation of Commonwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, for further 
particulars before applying. (238) 
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‘UN IVERSITY OF BATH 


SCHOOL OF PHARMACY AND 
PHARMACOLOGY 


R ESEARCH | DENTSHIP 


Applications aie mvijed from 
students itt Phatmacy, Pharmacology or Bioche- 
mistry for this industrially-sponsored award. The 
successful candidate will carry out a proeet com- 
cerned: withthe mode of action of a new anti- 
“Parkinsonian drug, and which will involve both 
i ; and vehaal pharmocology. The award is 
. at the normal S.R.C. rate, and the 
be expected to register for an 
M. Së degree. Applications to Dr. P. H. Redfern, 
Schoolcof Pharmacy and Pharmacology, Univer- 
of Bath, Bath BAZ TAY. (202) 











good Honours 










UNIVERSITY OF BIRMINGHAM 
CHEMISTRY DEPARTMENT 


RESEARCH STUDENTSHIPS 


A number of $S R.C. Research Studentships, 
CASE. Awards, Departmental Grants. ee., 
are available for suitably qualified Science 

opfaduates for work on a wide variety of 
topics im various branches of Chemistry. Ex- 
ceHent facilities are available for higher 
degree studies of chemical properties of carbo- 
hydrates, fluorocarbons, polymers, enzymes, 

various. natural products, nucleic acids, etc, 
Please apply without delay to Professor M. 
Stacey, CBRE.. FRS. Chemistry Depart- 
ment, ‘Birmingham University, P.O. Box 363, 
Edgbaston, Birmingham Bis 2TT. Telephone 
No. 021-472 1301, Ext. 3100. (235) 














UNIVERSITY OF LIVERPOOL 


Department of Inorganic, Physical and 
| Industrial Chemistry 


RESEARCH STUDENTSHIPS 


A number of S.R.C. studentships are available 
in the above department for research in various 
aspects of inorganic and Physical Chemistry. Areas 
of current activity include: Chemistry of organ- 
oboran afd organometallic compounds and tran- 
sition metal complexes: combustion chemistry; 
radiation chemistry; radiochemistry; surface chemis- 
try; diffusion processes in solids and in polymer 
films; spectroscopy (NMR and ESR): collnid 
science afd crystal growth; polymer science: the- 
orelical chemistry. 


Studentshigs related to the SRC. 
Centre, Liverpool are also available. Present re- 
search interests include: synthesis of new MORG- 
mers and polymers: mechanisms of polymerization 
processes: polymer morphology: physical proper- 
ties of polymers: in the solid state and in solution. 


The | studentships are’ tenable from ist October 
197 and successful applicants will register for 
the degree of Ph.D. Applications, including aca- 
“demic qualifications, names of two referees and 
can: indication of field of interest, should be sent 
‘to The Registrar, The University P.O. Box 147. 
LIVERPOOL L69 3BX. Quote ref. RV/N/276122. 


(204) 


Polymer 





RESEARCH STUDENTSHIP IN 
GENETICS 


The Medical Research Council is prepared 
to offer a postgraduate studentship to a 
Suitably qualified graduate, commencing 
October 1, 1974. Applicants should hold a 


first or upper second class degree in Biological 


Science. The work will invelve an 
tion of the possible genetic 
vironmental chemicals. An 


assessment of 


investiga- 
activity of en- 
interest in the 
the hazards of environmental 
pollutants would be an advantage. 


Applications giving details of qualifications 
and tbe names of two referees should be sent 
to the Registrar/Secretary, University College 
of Swansea, Singleton Park. Swansea SA2 
SPP, as soon us possible. (234) 








UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 
NUFFIELD RESEARCH FELLOWSHIP 


Applications are invited for this past, 
the first instance for two years, 


tenable in 
from candidates 


with good research experience in any of the fields. 


in which research facilities are currently available 
€g. high energy physics, nucicur structure physics, 


applied nuclear science (neutron and reactor 
Physics, and medical applications). solid state 
physics (ow temperatures, crystallography, moss- 


bauer spectroscopy etc.), University physics teaching 
methods. 
Salary scale: £2,118 to £2,412 plus F.S.S.U. 


Further particulars may be obtained from the 
Assistant Registrar (Si, P.O. Box 363, Birmingham 


BIS 2TT, to whom applications (3 copies), naming 
3 referees should be submitted by August 12, 1974. 
Please quote ref: NPI. ( 249) 





UNIVERSITY OF NEW ENGLAND > 
ARMIDALE, NEW SOUTH WALES 


TEACHING FELLOW IN 
GEOGRAPHY 

The uppointce will assist in the teaching pro- 
gramme of the Department, both in the laboratories 
and in the eid, for internal and external students 
in Geography and will also carry out research 
towards a higher degree in Geography. Candidates 
should have specialist training and experience in 
physical or human geography and should have at 
least a good Honours degree in Geography or, 
preferably. a Master's Degree. While ability in 
quantitative techniques is expected, preference may 
be given to candidates with experience of tutorial, 
external, or audio-visual teaching, or fieldwork in 
HeuRraphy. 


Salary: $A5.985 to $A7,285. Conditions of em- 
ployment provide assistance with travel and removal 
UXPENSEs, 


Appointments with an academic fellowship com- 
ponent may be considered. Such appointments will 
normaly be for an initial period of three years 
and will be subject to confirmation in the light 
of satisfactory service and progress towards a 
degree al the end of the first. year of service. 
Appointments may thereafter be extended amnually 
an the recommendation of the Head of Department. 
Full time assistantships will in the first instance be 
normally for a period of not more than one year. 
However. appointments may be extended on the 
recommendation of the Head of Department by a 
subsequent period of three years., 


Further information may 


Staff Officer, University of New England, Armidale, 


New South Wales, 235 1, Australia with whom 
applications, together with a recent photograph. 
and the names and addresses of three referees, 


close on August 2, 1974. Applicants in the United 
Kingdom and Europe should forward an additional 
copy, by the same date, to the Secretary-General, 
Association of Commonwealth Universities (Appts), 
36 Gordon Square. London WCIH OPF., from 
whom further information may also be obtained. 
(253) 


Fund, ¢/o 


be obtained from the 











































ROTHMANS FELLOWSHIPS 


Applications are invited for Rothmans Fel 
ships which are awarded under the Rothmans | 
versity Endowment Fund set up by Rothma 
Pall Mal (Australia) Limited t enable Felg 
to undertake postgraduate work within an Australi 
University, 


Rothmans Fellowships are of an annual valu 
$A8,100 up to $412,400. A Fellow may be p 
travelling expenses incurred in taking up the eis 
ship and returning to his home. 


In addition, an amount of $A1,000 per. an m 
towards fees and expenses including the purchas 
and maintenance of equipment, may: be paid tor 
University where the Fellow is working, 


A Fellow shall take up a Fellowship bef itt 
ing the age of twenty-eight. The Fellowships. 
open to graduates of any University who have 
at least three years’ postgraduate experience it 
research. The Fellowships are not open to. perma 
nent members of academic staff or applican 
proceeding on sabbatical, study or other leave (in 
cluding leave without pay). The Fellowships must. h 
held at an Austrahan University, 





Application forms and further details may 
obtained from the Secretary-General, Associati 
of Commonwealth Universities (Appts), 36 Sor 
Square, London WCIH QPF. 


Applications close on Settember: FI 
the Secretary, Rothmans University. ‘End 
The University of Sydney, 
Australia 2006. 






RESEARCH STUDENTSHIP IN 
MICROBIOLOGY 


from 














Applications are  imvited 
qualified graduates for a SRC. CASE 
studentship to study “Stabilisation of enzy 
systems in micro-organisms at Quee Li 
beth College (University of London} and S 
Research. 

Applications to Dr H. J. Somerville, 
stock Laboratory. Shell 
Sittingbourne, Kent ME9 SAG. 









































FOR SALE AND WANTED : 









Always wanted: | 
BACK RUNS OF JOURNA 
IN SCIENCE AND THE HUMANITIE 
WM. DAWSON & SONS LTD 
Back Issues Department, 
Cannon House, Park Farm Roa 
Folkestone, Kent, England. - 
Tel.: Folkestone 57421. 





















to Friday, October li, 1974 in 


Hospital, London W.1. 


the National Health Service and 


rheumatology, 


injuries and limb fitting centre, 
units and skillcentres, 
Centre, Oxford, 


Application forms and further details 
B.P.M.F,. 33 Millman 


August 31, 1974. 


LECTURES AND COURSES 


BRITISH POSTGRADUATE MEDICAL FEDERATIO 
UNIVERSITY OF LONDON 


Medical Rehabilitation 


A. two-week course in Medical Rehabilitation will be held from Monday. September 30. _ 
the Department 


The course which wil cover the organisation of medical, 
is primarily designed for consultants and senior registrars drawn from any specialty in 
in particular geriatrics, 
but applications will be considered from community physicians and other 
doctors with a special interest in the subject. 
medical rehabilitation centres, 
the Royal National Orthopaedic Hospital and Nuffield Orthopaedic 
the Disabled Living Foundation’s Aid Centre and Queen Elizabeth’s 
Foundation for the Disabled at Leatherhead. 

Course fee: £40. Approved under the D.H.S.S. Advanced Postgraduate Training Scheme. 
from: The Secretary (Rehabilitation Course), 
Street, London WCIN 3EJ, Closing date for 















of Rheumatology, The Middlesex 






industrial and social services 






neurology, orthopaedics and 







The programme imcludes visits to a spinal 
industrial rehabilitation 











applications: 
(220) 










































| These specially designed Binders make attrac- 
tive space-saving files for your Nature. Bound in 


| durable black imitation leather, lined with grey | 


deer skin and beautifully labelled, each binder 
will hold up to eighteen copies of Nature. Two 
volumes of Nature can be preserved in a single 
| binder, (three binders will hold the six volumes 
| published annually) and there is a white space 


© f on the spine to enable you to mark each binder | 


i with your own reference to the issues it con- 
| tains. 


| These binders are offered for sale singly for | 


£1.85 or in packs of three for £5.00. Both prices 
include postage by surface mail and V.A.T. To 
order please complete the coupon below and 

| return it with the appropriate remittance. 

| NATURE, Macmillan Journals Limited, Brunel Road, 
Basingstoke, Hampshire RG21 2X5. 

| Please send me: 

| 1 NATURE BINDER (l enciose £1.85) 
3 NATURE BINDERS (i enclose £5.00 


| {Payment may be made in any currency at the current rate of exchange) 
Prices applicable only to orders received before the 30th June 1975. 

Orders can only be serviced if accompanied by remittance, cheques 
| should be made payable to Macmillan Journals Limited. 


aE EERE EMER ESA OHA RHE HEH ERHEH RHEE TOR Ha DEK EHR EE EDEL ETE MH EY HO Ree HU eH eR ERE HOV ANS 


| Zip/Postal Coda «0.00... eerie 





| g Registered No: 735998 Engiand. Registered Office: 4 Little Essex St, London WC2R 3LF 
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Ditferentiation, published bi-monthly, provides the 
opportunity for interdisciplinary communication, This 
journal offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon — differentiation. It aims to cover the 
following areas of study: embryonic differentiation. 
normal cell growth and division, carcinogenesis and 
the cancer problem as an aspect of cell differentiation, 
inter-tissue reactions in vivo and in vitro, genetic 
mosaicism. nucieo-cytoplasmic interactions, nuclear 
transplants, cell hybridization, evolutionary biology, 
membrane controls of the cell, plant evolution and 
differentiation, immunological events relevant to 
differentiation. 






Recent papers include: 
Degree of differentiation in non-proliferating cells of 
mammary carcinoma, C. V. Wylie, P. K. Nakane and 
G. B. Pierce. DNA synthesis and the production of 
antibodies by lymphoid tissues, G. Harris. The 
principle of sequential dependence in cellular 
differentiation, P. A. Riley. Edited by: Dimitri Viza. 
Faculté de Médecine Pitié Salpétriere, Paris. 


Annual subscription £20 (£22.00 U.S.A. and Canada). 
Prices applicable only to orders started before Stst 
December, 1974. Payment may be made in any 
currency atthe current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X5, England. 


Molecular Biology comes of age 


This special Nature Supplement has been reprinted as 
a separate publication. First published in the issue of 
26th April 1974, ‘Molecular Biology Comes of Age’ 
looks back on the circumstances surrounding the 


original appearance in Nature of Watson and Crick’s 
revolutionary paper on the double helix structure of 


DNA in 1953. it discusses the development in 


Í Molecular Biology up to the present day as well as 
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Britain takes up 
the SGHWR 


AFTER four years of debate, during which it often seemed 
that no decision would ever be made, the government has 
finally jumped off the fence, bowling over Sir Arnold 
Weinstock and the Central Electricity Generating Board 
(CEGB) in the process. For, like it or not, the CEGB is 
going to have to order a small number of steam generating 
heavy water reactors (SGHWRs) in the next few years 
rather than a considerably larger number of the 
American pressurised water reactors (PWRs)} which it 
favours. 

The remarkable thing about all this is that the 
decision could equally well have been made in 1972 
when Mr John Davies, then Secretary of State for Trade 
and Industry, announced a programme of component 
development for the SGHWR. Other options for the 
short term could still have been kept open and indeed 
that is exactly what Mr Eric Varley, Secretary of State 
for Energy, has done nearly two years afterwards in 
saying that the Nuclear Installations Inspectorate should 
complete its examination of the safety of the American 
reactors. 

Even if Mr Davies had also opted for a relatively 
modest scheme, Mr Varley might now be in a position 
to enlarge a programme to which the nuclear power 
industry and the CEGB would have had two years to 
adjust. As it is, Sir Arnold, who is head of GEC (a 50% 
stakeholder in the National Nuclear Corporation), i 
sulking and threatening to reduce considerably, or even 
eliminate, his company’s share in the corporation. That 
would be embarrassing, as GEC is supposed to manage 
the building of the next generation of nuclear reactors in 
Britain and it will no doubt cause wry smiles among 
members of the Select Committee on Science and Tech- 
nology which thinks that a shareholding of more than 
30% by any commercial interest should not have been 
allowed in the first place. In fact it is difficult to see how 
the corporation could continue if Sir Arnold were to 
depart completely. | 

Ultimately, however, it is the CEGB which has to 
generate the electricity and its views deserve the most 
sympathetic consideration. It is that body, one has to 
bear in mind, which still has all five advanced gas cooled 
reactor stations waiting to be completed almost ten years 
after the first one was ordered. Basically the CEGB 
wants to order nuclear power stations in such numbers 
over the next decade or so that its reliance on fossil fuel 
is decreased, and it wants those nuclear power stations to 
work properly. Not surprisingly, therefore, it criticises the 
government's decision on the grounds that the SGHWR 
is untried in a commercial situation*and that because of 
this the government is only risking a programme of some 
4,000 MW to be ordered over the next four years and 
commissioned in the 1980s. Even the quite modest rate 





~ be based on fossil fuels unless the SGHWR turns out to 
be such a success that more can be rapidly ordered 
after the first has become operational, perhaps in 1981. 








of growth of electricity demand now envisaged by the 
_ Department of Energy requires 35,000 MW of new 
“capacity by 1990, the lion’s share of which will evident! 


The CEGB points out, and the government apparently 
agrees, that more development work will have to be done. 
before the SGHWR can be built on even the scale that 
Mr Varley envisages (small units of 660 MW). The argu- 
ment goes that the test reactor at Winfrith is only 100 
MW and is based on technology that is already 10 years 
old. Parts will have to be redesigned, says the CEGB, 
and different materials will have to be used. But is all 
this really necessary? Does a new piece of functional 
equipment necessarily have to incorporate the most up- 
to-date technology wherever possible? Excessive zeal in 
this direction would seem to be ill advised, especially if 


an attempt to wring that extra bit of efficiency or cost 


out of the system were to cause more expense in the. long 
run than could ever be saved. After all the suggestion 
that more Magnox stations should be built is only a 
nonstarter because of the high capital cost compared with — 
more modern reactor designs. 

What the CEGB seem to overlook is that the Canadian 
CANDU reactor, which is similar in many ways to the 
SGHWR., has been working successfully for several years 
and that technological cooperation between Britain and 
Canada is thought by both countries to be a mutually 
advantageous prospect. And there seems no reason why 
Britain should not now take advantage of the export 
opportunities which may still exist for the SGHWR. 


100 years ago 


WE rejoice to see from the tone of the replies to questions in 
the House of Commons on Monday by Mr. Disraeliand Lord 
Henry Lennox, that Government is conscious of how poorly 


housed some of our scientific collections are, and seems really 


disposed to take steps to remedy the evil. Mr. Disraeli said, in 
reply to a question concerning the Patent Museum, that it is not: 
the only public institution which is suffering from want of 
space and of suitable accommodation. ‘That is now a 
crying grievance with respect to all our public buildings, collec- 
tions, and offices. In regard to the Patent Museum, however, 
I am aware from a communication which I have received from 
my noble friend the First Commissioner of Works, that the 
matter is at present engaging attention.” Lord Henry Lennox 
confirmed this by subsequently stating that he intended to pro- 
pose to Her Majesty’s Government a scheme which, if it were 
agreed to, would enable him to offer the Patent Museum suit- 
able accommodation in the southern block of the International 
Exhibition buildings. 


From Nature, 10, 232, July 23, 1874. 
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NATO and 
civil science 


Peter J. Smith, who once accepted a 
NATO Fellowship because it was the 
only support available for work in a 
nonuniversity research institution in 
the United States, discusses NATO's 
involvement in civil science. 


Wuart is the connection between stress 
and anxiety in modern society, the 
chemistry of insects, cosmological 
models, and the mooring and berthing 
of ships? The answer is that in com- 
mon with more than 50 other science- 
based activities they were the subjects 
of well financed conferences during 
1972. On the face of it, of course, there 
is nothing very strange about that; it 
is a common enough occurrence for 
scientists to congregate with their col- 
leagues around the world to discuss 
new results and ideas, and some of 
them even find it useful. But there is 
something a little odd about it in this 
case, for all 56 meetings were spon- 
sored and paid for by a single organi- 
sation which has nothing directly to do 
with academic science at  all—the 
North Atlantic Treaty Organisation 
(NATO). The question is: why? 

Scientists do pretty well out of 
NATO, and not just in the matter of 
conferences. The total budget of the 
NATO Science Committee in 1972 was 
$4.83 million of which only $0.93 mil- 
lion went on scientific meetings. 
Well over half was spent on the Fellow- 
ship Programme. Research grants then 
accounted for a further $0.61 million, 
and a few specialised programmes 
(such as operational research, oceano- 
graphy and human factors) and 
administration took the rest. 

The mandate for all this involvement 
in basic science is Article 2 of the 
North Atlantic Treaty (1949) by which 
“the Parties will contribute toward the 
future development of peaceful and 
friendly international relations by 
strengthening their free institutions, 
by bringing about a better understand- 
ing of the principles upon which those 
institutions are founded, and by pro- 
moting conditions of stability and well- 
being”. For the first eight years of 
NATO’s existence the emphasis was 
clearly on “defence™: but in 1957 Paul 
Henri Spaak, the second Secretary 
General, made a serious attempt to 
widen the field to include ostensibly 
nonmilitary collaboration. One result 
was the establishment in 1958 of the 


NATO Science Committee to 
“strengthen the Alhance and its 
political substance’-——a form of words 
whose deeper meaning has apparently 
never been in doubt, for NATO has 
never made any secret of the fact that 
it sees its support for science as con- 
tributing, however indirectly, to its 
military and political aims. 

In view of the often violent reaction 
against the military sponsorship of 
university science in recent years, a 
basically military organisation which 
not only publicises its involvement in 
civil science but also extols the virtues 
of it in print may appear at first sight 
to be either remarkably honest or in- 
credibly naive. In fact, NATO is 
neither. It is not genuinely honest to 
be completely open about a participa- 
tion which would surely be discovered 
in any case; and the charge of naivety 
would only be substantiated if it could 
be shown that members of the NATO 
Science Committee were unaware of 
the strength of feeling already ex- 
pressed on the issue of military spon- 
sorship. Moreover, to the extent that 
the sort of science sponsored by NATO 
furthers military aims no more nor less 
than it would if sponsored by an 
overtly civil body, financial aid from 
NATO as such would seem to have 
little relevance to that organisation’s 
stated aims. One can only conclude, 
therefore, that NATO’s public stance 
is designed to conceal motives which 
are altogether more subtle. 

Indeed, what NATO has really been 
after from its large scale support of 
basic science—and what it has to a 
large extent achieved—-is a sort of 
social respectability and prestige among 
a community containing elements who 
are decidedly touchy over the relation- 
ship between science and the military. 
Since 1959 over 10,000 NATO Fellows 
have written tens of thousands of 
legitimate scientific papers, each of 
which records gratitude for NATO 
support: every moderately sized scien- 
tific library in the world now contains 
hundreds of volumes bearing witness 
on their title pages to NATO’s gene- 
rosity; and every conference announce- 
ment implicitly proclaims NATO's 
apparent concern for disinterested 
scientific scholarship and culture. In 
addition, the NATO Science Com- 
mittee has always gone out of its way 
to attract to membership established 
and high-ranking scientists or govern- 
ment scientific advisers who are able 
to confer their own brand of legitimacy 
on NATO’s activities. 

As might be expected, some seien- 
tists have argued that none of this 
matters-—-that given that the relevant 
activity is essentially nonmilitary, who 
pays for it is of no concern. Unfor- 
tunately, however, there is evidence 
that NATO's scientific involvement is 
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not entirely beneficial to science itself, 
even if motives are ignored, For one 
thing, although the Science Committee 
is always quick to point out that up to 
20% of the participants in its con- 
ferences come from non-NATO coun- 
tries, including the communist nations 
of eastern Europe, it is less ready to 
publicise the fact that non-NATO 
delegates are forbidden to attend on 
NATO funds. And in spite of boasts 
about participants from the Soviet 
Union and elsewhere, it is doubtful 
whether scientists from, say, Cuba or 
North Vietnam would be able to attend 
a NATO conference in the United 
States. In fact, as far as I know (and 
certainly up to the end of 1972), no 
scientist from either of these countries 
has ever attended any NATO con- 
ference anywhere. 

Thus although scientists pride them- 
selves on their international outlook, 
they are not above doing less than Jus- 
tice to their ideals for the sake of a 
quick buck. And it is because of this 
sort of opportunism—not to mention 
the skilful casuistry displayed in 
rationalising it—that NATO science 
has been given little opposition. 

Few would suggest that military 
sponsorship is the most important 
problem facing civil science today. At 
the same time, however, this is far 
from saying that it is of no concern at 
all: and there is clearly a significant 
minority which feels sincerely that 
NATO involvement in particular is a 
blot on the scientific landscape. The 
irony is that the whole NATO sponsor- 
ship scheme is totally unnecessary, 
except perhaps as perceived by NATO 
itself. The fact is that the Fellowship 
programme, which accounts for about 
60 per cent of the NATO science 
budget, is administered not by NATO 
but by agencies in the constituent 
countries (the Science Research Coun- 
cil in Britain, the National Science 
Foundation in the United States). A 
large proportion of NATO science 
money is thus returned directly whence 
it came fand almost all of it is re- 
patriated to the constituent nations in 
one form or another), NATO's sole 
contributions being the use of itstname 
and, as one cynic has pointed out, an 
addition to bureaucratic overheads. 
Since most of the national agencies 
concerned now have parallel pro- 
grammes of their own, there seems to 
be little point in perpetuating NATO's 
involvement any longer. Alternatively, 
if an overtly international programme 
of science support is felt to be desir- 
able, it would be far preferable to 
make it truly international and hand 


®over the whole NATO scheme to some 


clearly nonmilitary organisation such 
as UNESCO. Presumably this would 
keep everyone happy — including 
NATO. if it really means what it says. 
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engineering 


“RECENT advances in techniques for the 
isolation and rejoining of segments of 
DNA now permit construction of bio- 
logically active recombinant DNA 
molecules in vitro. For example, tech- 
niques employing DNA restriction 
endonucleases, which generate DNA 
fragments containing cohesive ends 
especially suitable for rejoining, have 
been used to create new types of bio- 
logically functional bacterial plasmids 
carrying antibiotic resistance markers 
(Cohen et al., Proc. natn. Acad. Sci., 
70, 3240; 1973; Chang er al., Proc. natn. 
Acad. Sci., 71, 1030; 1974) and to link 
X. laevis rDNA to DNA from a bac- 
terial plasmid. This latter recombinant 
plasmid has been shown to replicate 
stably in E. coli where it synthesises 
RNA complementary to X. laevis 
rDNA (Morrow et al, Proc. natn. 
Acad. Scj, in the press), Similarly, seg- 
ments of Drosophila chromosomal 
DNA have been incorporated into both 
plasmid and bacteriophage DNAs to 
yield hybrid molecules that can infect 
and replicate in E. coli (Hogness, un- 
published; Davis, unpublished; Boyer, 
unpublished). 

“Several groups of scientists are now 
planning to use this technology to 


create recombinant DNAs from a 
variety of other viral animal 


ments are likely to facilitate the solu- 
tion of important theoretical 
practical biological problems, they 
would also result in creation of novel 


types of infectious DNA elements whose 3 
biological properties cannot be com- 


pletely predicted in advance. 
“There is serious concern that some 


of these artificial recombinant DNA 
molecules could prove biologically 
hazardous. One potential hazard in 


current experiments derives from the 
need to use a bacterium like E. coli to 
clone the recombinant DNA molecules 
and to amplify their number. E. coli 
_ Strains commonly reside in the human 
intestinal tract, and they are capable of 
- exchanging genetic information with 
other types of bacteria, some of which 
are pathogenic to man. Thus, new DNA 
elements introduced into E. coli might 





and 
bacterial sources. Although such experi- | 






possibly become widely disseminated 
among human, bacterial, plant or 


animal populations with unpredictable 


effects. 

“Concern for these emerging capa- 
bilities was raised by scientists attending 
the 1973 Gordon Research Conference 
on nucleic acids (Singer and Soll, 
Science, 181, 1114; 1973), who requested 
that the National Academy of Sciences 
give consideration to these matters.. The 
undersigned members of a committee, 
acting on behalf of and with the en- 
dorsement of the Assembly of Life 





IN an unprecedented move, the 
National Academy of Sciences has 
called for a voluntary worldwide 
moratorium to be placed on an 
area of scientific research because 


of potential and unpredictable 
hazards to human health. A state- 
ment drawn up by a committee of 
eminent biomedical scientists and 
released by the academy this week 
calls for a temporary halt on two 
types of genetic engineering re- 
search because of the risk of infect- 
ing man with bacteria containing 
hybrid DNA molecules whose bio- 
logical properties cannot be pre- 
dicted in advance. 

The academy is concerned about 
experiments which combine frag- 
ments of DNA from different 
sources to form a hybrid molecule 
which can then replicate in bacteria 
such as Æ. coli, which is normally 

-present in the human intestine. The 
Committee on Recombinant DNA 
Molecules, whose members* have 
all agreed individually to renounce 
two types of experiments involving 
such techniques until the potential 
hazards have been evaluated, has 
called for a committee to be estab- 
lished to define the hazards and to 
develop guidelines under which 
such research should be conducted. 
Part of the statement is given here. 
*PauL Berc, Chairman; Davipo BALTE 
MORE, HERBERT W. BOYER, STANLEY N, 
Conen, RonaLcpo W. Davis, Davin S. 
Hooness, DANIEL NATHANS, RICHARD 


Rosin, James D. Watson. SHERMAN 
WEISSMAN. Norton D. ZINDER. 





Sciences of the National Research 
Council on this matter, propose the 
following recommendations : 

“First, and most important, that until 
the potential hazards of such recombin- 
ant DNA molecules have been better 


evaluated or until adequate methods are 
developed for preventing their spread, — 
scientists throughout the world join 

with the members of this committee in == 
voluntarily deferring the following types 


of experiments: 


“Type I: Autonomously replicating 
bacterial plasmids that might result in” 
the introduction of genetic determinants .__ 
far antibiotic resistance or bacterial 
toxin formation into bacterial strains” 
that do not presently carry such. deter- 
minants, or construction of new bac- 
terial plasmids containing combinations 
of resistance to clinically useful ant 
biotics unless plasmids containing such 
combinations of antibiotic resistance 
determinants already exist in nature. 

“Type H: Linkage of all or Samik 
of DNA from oncogenic or other 
animal viruses to autonomically repli- 
cating DNA elements such as bacterial 
plasmids or other viral DNAS. Such 
recombinant DNA molecules might 
more easily be disseminated to bacterial 
populations im humans and other 
species, and thus possibly increase the 
incidence of cancer or other diseases. 

“Second, plans to link fragments of © 
animal DNAs to bacterial plasmid DNA | 
or bacteriophage DNA should be care- 
fully weighed in light of the fact that- 
many types of animal cell DNAs cons 
tain sequences common to RNA tumour - 
viruses. Since joining of any foreign 
DNA to a DNA replication system `- 
creates new recombinant DNA mole- | 
cules whose biological properties cannot 
be predicted with certainty, such experi- 
ments should not be undertaken lightly. | 

“Third, the Director of the National EE 
Institutes of Health is requested to give 
immediate consideration to establishing 
an advisory committee charged with 
(a) overseeing an experimental pro- 
gram to evaluate the potential biological 
and ecological hazards of the above — 
types of recombinant DNA molec ules; 

(b) developing procedures which will : 
minimise the spread of such molecules 
within human and other populations, 
and (c) devising guideliness to be 
followed by investigators working 
with potentially hazardous recombinant 
DNA molecules. 

“Fourth, an international meeting of | 
involved scientists from throughout the 
world should be convened early in th 
coming year to review scientific pro- 
gress in this area and to further. discuss nevis 
appropriate ways to deal with the 
potential biohazards of recombinant 
DNA molecules.” 
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Wind of change 
at WMO 


by John Gribbin 

THE World Meteorological Organisation 
(WMO) has acted promptly on the 
statement made by Dr Henry Kissinger 


to the sixth special session of the United © 


Nations General Assembly calling 
attention to the possible implications of 
climatic change for global food and 
population policies. It has been decided 
to establish a “Panel of Experts on 
Climatic Change” with the terms of 
reference: 

@ To review present WMO activities 
relating to climatic change and to make 
recommendations on any additional 
steps which may be necessary to 
integrate these activities into a coherent 
programme. 

@ To act as the focal point for WMO 
activities on climatic changes, trends 
and fluctuations, and their implications 
on the natural environment of mankind 
and on world food production. 

@ To advise on any necessary measures 
for the coordination of these activities. 
© To advise on the policy implications 
for WMO of decisions of other inter- 
national organisations relating to the 
impact of climatic changes. 

Members of the panel have not yet 
been appointed, with the exception of 
the chairman Dr E. Siissenberger, who 
is a member of the Executive Commit- 
tee of WMO and head of the German 
meteorological service. 

The panel will meet as soon as 
possible and is requested to prepare a 
report in time for consideration at the 
Seventh Congress of WMO, next year. 

At present, the WMO is active in 
several areas of climatic research, 
although these are not coordinated. 
Perhaps best known is the work on the 
physical basis of climate and climate 
modelling, which is being carried out 
jointly with the International Council 
of Scientific Unions (CSU) within the 
framework of the Global Atmospheric 
Research Programme (GARP). There 
are several international conferences in 
the pipeline including one on “Long- 
Term Climatic Fluctuations” to be held 
at the University of East Anglia next 
August; a spokesman for the Climatic 
Research Unit there said last week that 
many participants have already accepted 
invitations to attend. 

Other aspects of climatic research 
are at present being studied under the 
aegis of WMO by their Commission 
for Atmospheric Sciences (CAS), and 
there is also a Commission for Special 
Applications of Meteorology and 
Climatology (CoSAMC) working group 
looking into problems of “Climatic 
Fluctuation and Man”. It is perhaps 
hardly surprising that the president of 
the Commission for Agricultural 


Meteorology (CAgM) is about to 
appoint a Rapporteur on climatic 
fluctuations and food production, or 
that the WMO is preparing papers 
relating to climatic fluctuations for pre- 
sentation at the World Food Conference 
in Rome in November 1974. But clearly 
the time is certainly ripe for one panel 
to coordinate all these activities, and 
also to relate observations by the World 
Weather Watch (WWW) to the WMO 
studies. The new panel will include 


experts nominated by CAS, CoSAMC, — 


CAgM, and the Joint Organising Com- 
mittee of GARP. 

Among the possibilities considered by 
the WMO Executive Committee were 
to designate either the CAS Working 
Group on the Physics of Climatic 
Fluctuations or the CoSAMC Working 
Group on Climatic Fluctuations and 
Man as a panel of the Executive Com- 
mittee overseeing the WMO’s climatic 
work. But the committee decided “in 
view of the desirability of formulating 
proposals . . . for consideration at the 
Seventh Congress, and bearing in mind 
the number of constituent bodies in- 
volved . . . to establish a [new] panel 
of experts” with the terms of reference 
as outlined above. 

This panel will also be responsible 
for ensuring that WMO initiatives in 
this area are related to studies and work 
by other international bodies such as 


Nature Vol. 250 July 19 1974 


UNESCO, the Food and Agricultural 
Organisation (FAO), the United 
Nations Environmental Programme 
(UNEP) and ICSU. A UNEP repre- 
sentative at the recent WMO Com- 
mittee meeting confirmed the desire of 
UNEP to be associated with WMO in 
further studies of climatic change, and 
mentioned particularly the possibility 
of accelerating “those aspects of the 
WMO programme which would be of 
value for planning food production, 
especially in the developing regions”. 
He suggested that statements of the 
statistical probabilities of successive 
years of unfavourable weather con- 
ditions would be particularly useful. 

A spokesman for the British Meteoro- 
logical Office welcomed this develop- 
ment, and said that the Met. Office 
accepts the WMO view that the future 
of our climate is an important topic 
for study. He pointed out that although 
climatic change has been receiving 
more attention lately, this has included 
publicity for some “shakily based 
views” ranging from claims that a new 
ice age is just around the corner to 
fears that the Earth is heading for a 
global desert situation. So-it is certainly, 
in the view of the Met. Office, a good 
thing for an authoritative study of this 
kind to be carried out, and to put the 
various claims made about climatic 
change into perspective. 





UK reactor choice 


by Eleanor Lawrence 





Winfrith SGHWR 


At last the steam generating heavy 

water reactor (SGHWR) has been 

officially passed as the reactor choice 

for the next phase in the British 

nuclear power programme. 
Announcing his decision in Parlia- 

ment last week, Mr Eric Varley, 

Secretary of State for Energy, stressed 

five grounds on which he favoured the 

SGHWR. 

© It will provide power reliably 

@ It can be ordered quickly 

© The Nuclear Installations Inspec- 


torate will give it safety clearance 
quickly 

@ It offers scope for British tech- 
nology which should be exploited 

© A 100-MW prototype at Winfrith 
has been operating successfully for 
six years and is designed to produce 
the operating conditions of a 
commercial unit. 

Mr Varley plans to start with 
modest reactor units of around 600 
MW and an initial ordering programme 
of not more than 4,000 MW over the 
next four years. 

The government’s decision runs 
counter to the strongly expressed 
wishes of the Central Electricity Gene- 
rating Board (CEGB) in several res- 
pects. It wanted a large programme 
of a total of 36,000 MW using the 
American pressurised water reactors 
(PWRs). 

Doubts on the safety of the PWR 
have been expressed both in the United 
States and in Britain, notably by Sir 
Alan Cottrell, former Chief Scientific 
Adviser to the Government. The Select 


Committee on Science and Technology 


was also opposed to the PWR. One of 
the main attractions of the SGHWR is 
undoubtedly its safety. Unlike the 
PWR there is no large pressure vessel, 
but a system of small-diameter pres- 
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sure tubes. These offer the ‘leak-before- 
break’ safety features which people 
feared might not occur with the pres- 
sure vessels of the PWR. 


All the components of the SGHWR, 
except for the heavy water used as a 
moderator and perhaps the zirconium 
pressure tubes, can be made in Britain. 
Mr D. R. Smith, chief SGHWR 
engineer with the Nuclear Power 
Group, said that there would be few 
scaling-up problems except perhaps 
with the calandria tank surrounding 
the radioactive fuel elements. If the 
first orders were placed fairly quickly, 
as promised by Mr. Varley, building 
could start next year. Prospective sites 
include one at Torness in Scotland, for 
the South of Scotland Electricity 
Board (SSEB), and at Sizewell in Essex 
for the CEGB. Mr Smith thinks that 
the reactor could be completed. 


The satisfactory Canadian experience 
with the similar CANDU reactor was 
probably a major factor in Mr Varley’s 
decision. British experts who visited 
Canada recently were enthusiastic and 
close cooperation with the Canadians 
is expected. For the present, until the 
British programme is expanded, heavy 
water for the reactors will be imported 
from Canada. As soon as the SGHWR 
programme proves its worth, however, 
a British heavy water plant is envis- 
aged, which would take advantage of 
the Canadian experience. 


Money for 
old excavations 


from lan Caruana 

THe Excavations Annual Reports, re- 
cently published by the British Depart- 
ment of the Environment (DOE) 
reveal that in at least one way archaeo- 
logists are failing to justify the 
additional cash they have been given 
in the past two years. In 1972 the 


annual government budget was in the. 


region of $400,000; this year it has 
topped £1 million. One of archaeology’s 
unceasing and justified complaints has 
been that the system of ministry grants 
for excavation never took account of 
the overriding need for publication, and 
financial austerity often made it a 
matter of necessity that an excavator 
spent almost all his time in the field 
just to make a living. It is, however, 
clear from the DOE’s Reports that 
more money has not meant more pub- 
lications. In fact while the number of 
digs. financed directly by the DOE has 
risen steadily from under 80 in 1961 
to over 200 in 1972 the number of 
reports published each year has re- 
mained more or less constant. The 
result is that there are now propor- 
tionally more excavations whose find- 
ings go unpublished than there were 
in 1961. 

There is, however, one area above 
criticism—namely the permanent units 


that are a developing feature of mod- 
ern archaeology. (Their activities do 
not swell the DOE statistics because, 
although they receive a lot of govern- 
ment money, they also tap other sources 
and the DOE is quite happy to abdi- 
cate control in such cases.) 

The Guildhall Museum’s Depart- 
ment of Urban Archaeology in London 
is one such unit which, although set 
up only recently, has a good record. 
The results of two excavations from 
1972, at Aldgate and Bush Lane House, 
were published last year. Four more 
reports are due out soon, one of which 
(dealing with work at the Customs 
House) took only five months to com- 
plete. Brian Hobley, the director, is 
responsible for a policy that ensures 
publication as quickly as possible. Each 
time a supervisor finishes a site he is 
immediately removed from the field 
and has to finish his site report before 
being given another site to run. 

In addition the London unit is en- 
gaged in clearing the backlog of un- 
published sites in the City. Through 
lack of resources, Peter Marsden (now 
Hobley’s deputy) accumulated 70 sites 
which have so far yielded no published 
information about London’s history. 
Now he faces a ten-year programme 
of publication—a feasible proposition 
inside a large unit with enough re- 
sources to back him up and to enable 
others to carry on with imminent ex- 
cavation needs. 





Salyut and after 


from Verd Rich 


ALTHOUGH the flight of Salyut 3 must 
inevitably be seen, in the short term, 
as a preparation for the joint Apollo- 
Soyuz programme of 1975, some of the 
experiments included seem directed at 
the longer term aim of establishing a 
permanent Earth-orbital station, as 
envisaged by Tsiolkovski, and/or long 
term deep-space missions. , 
Accordingly, one of the major tasks 
of this mission is the testing of the life 
support systems, including the heat 
regulation system “in various regimes”, 


and the regeneration of water from 


atmospheric condensation. The medical 
tests, effected with the multipurpose 
“Polinom-2M” apparatus, include the 
investigation of haemodynamics (the 
state of the circulation and the “rate 
of propagation of pulse waves along the 
arteries’), the ventilation of the lungs, 
and the collection of samples of ex- 
haled air for subsequent laboratory 
analysis. It is intended to use the res- 
piratory data to calculate the energy 
consumption in performing various 
tasks under weightless conditions 
results which could be of considerable 
importance in planning the nutritional 





requirements of a fully operational 
long term station or mission. 

What these tasks are, either in the 
present mission or in future plans, is 
so far not entirely clear. The TASS 
reports, aS ever, are tantalisingly brief, 
stating in this case, that the cos- 
monauts have “‘begun to test the pos- 
sibility’ of manufacturing hitherto un- 
known substances. A hint from the 
mission control station suggests that 
these may include steel “lighter than 
wood”, and glass/metal alloys. In view 
of this brevity, speculation would seem 
fruitless at present. 

Nevertheless, this type of experi- 
ment does suggest the Tsiolkovski 
concept of a fully operational and self- 
maintaining orbital station, utilising the 
space ‘“‘environment” for technology 
as well as research work. Although 
Tsiolkovskii’s belief that the creation 
of such a station would be a necessary 
preliminary to any lunar or deep-space 
mission has been superseded by sub- 
sequent technology, Tsiolkovskii's 
name still exerts a considerable charis- 
matic effect on the Soviet space plan- 
ners. It is perhaps significant that, in a 
Pravda “background article” to the 
present flight, Candidate of Sciences N. 
Pisarenko of the Institute of Space 
Research of the Soviet Academy of 


Sciences, discussing the radiation 
hazards of long term flights, states that 
primary cosmic radiation of galactic 
origin would, in the present state of 


the art, form a definite barrier to any. e 
manned Mars mission. He notes that 


“ways of overcoming this barrier” are 
being investigated, including “‘study of 
the self-shielding, restorative functions 
of the human organism and possibilities 
of intensifying them by the use of 
pharmacological preparations”, as well 
as improvement of the shielding of the 
spaceship itself. For orbital stations, 
however, the hazard is considerably 
less, since according to estimates 
obtained from the data of Kosmos 
satellites, at the altitudes at which 
space stations operate (apogee of up to 
500 km) cosmic radiation of solar 
origin is virtually absent and galactic 
primary cosmic radiation reduced by 
some three or four times in comparison 
with the deep-space value. 

Both types of protection received an 
unexpectedly severe test when a solar 
flare occurred during the flight. Accord- 
ing to TASS (July 15) “some physicists” 
wished to recall the cosmonauts. But it 
was decided that the Earth’s magnetic 


field would protect them from the worst i 
of the radiation, and they were in- = © 


structed to use their antiradiation drugs. 














MRC restructuring 
by Peter Newmark 

From September 1, 1974, substantial 
changes in the research boards that 
serve the Medical Research Council 
(MRC) will take effect. The Tropical 
Medicine Board is to be retained but 
both the Biological and Clinical Re- 
search Boards will be scrapped. In their 
place there will be three new ones—the 
Neurobiology and Mental Health 
Board, the Cell Biology and Disorders 
Board and the Physiological Systems 
and Disorders Board. It is the task of 
each board to advise the council on 
policy and to initiate and support re- 
search within its designated area of 
scientific objectives. In addition each 
board has the responsibility of main- 
taining research in and deciding the 
level of support needed for each of the 
disciplines or specialities that it en- 
compasses. 

As well as the four boards there is 
also to be an Environmental Medicine 
(Research Policy} Committee. This will 
cover all aspects of environmental, 
occupational and social medicine. The 
fact that these areas will include sub- 
jects (for example radiological pro- 
tection) that are also of concern to the 
boards is recognised by ruling that the 
committee will allocate its funds as far 
as possible through the boards. Simi- 
larly each board will be able to use its 
funds for subjects covered by the com- 
mittee. 

The new boards seem to have a 
degree more power than previously. 
Whilst the council still carves the cake, 
it will be largely for the relevant board 
to allocate its own slice. One can hardly 
help noticing that the total number of 
board members has expanded much 
faster than the money available for 
them to share out (not forgetting that 
by 1975-76 about 25% of the MRC's 
grant-in-aid will be transferred to the 
Department of Health and Social 
Security and the Department of Em- 
ployment to enable them to commission 
contract research to be carried out by 
the council. 

The main objective behind the new 
MRC structure is clearly a step, or at 
least a nod, in the direction of Roths- 
child thinking. Instead of a horizontal 
structure dividing clinical from basic 
research each board is now vertically 
structured. 
Erratum. In the article “Foetal 
research aborted in the United 
States” (Nature, July 12) the last 
sentence of paragraph 3 should have 
-read “. . . research on foetuses in 
some 


vivo has already produced 
valuable conclusions and its banning 
is seen by some as shortsighted and 
ill-founded.” 








Four lecturers at the Hebrew 
University in Jeursalem have been 
fired and another 12 transferred to 
new posts for poor teaching. Their 
achievements as teachers, as those 
of 220 colleagues, were evaluated 
on the basis of a survey carried 
out among several hundred science | 
students at the Hebrew University 
by the Jerusalem-based Institute for 
Applied Social Res:arca. The lec- 
turers were graded on a five-point 
scale, with one point going to the 
worst and five to the best. Taken 
into account were student answers 
to questions such as: “Is the 
material usually presented in an 
interesting manner?”; “What at- 
titude does the lecturer have to- 
wards relevant comments and ques- 
tions?”’; and “To what extent does 
the lecturer add to the information 
already available in textbooks?” 
Analysis of the replies received 
has enabled the university to advise 































even relatively effective lecturers 
how they can overcome weak 
points. Professor Yitzhak Marcus, 


Chairman of the Curriculum Com- 
mittee in the Natural Sciences 
Faculty of the Hebrew University, 
explains that the survey was not 
undertaken “to punish” lecturers, 


New ways with fuels 
by Allan Piper 

Ir was encouraging to hear original 
ideas given an airing recently in Lon- 
don where the Institute of Physics had 
arranged a meeting on “Novel physical 
methods of winning, burning and con- 
versing fuels”. Plants could be harnessed 
to produce hydrogen, said one parti- 
cipant, and another introduced the 
futuristic concept of mechanical miners. 
Most of the ideas are already well 
developed, but inevitably the ‘estab- 
lishment? found them ‘uneconomical’, 
and by implication not worth develop- 
ing. 

One topic was the potential use of 
solar energy through photosynthetic 
conversion to  energy-rich plant 
material, which can then be converted 
by pyrolysis to alcohol, gas, oil and 
solid fuels. Dr O. D. Hall (Kings Col- 
lege, London), a botanist, pointed out 
that the amount of solar energy arriv- 
ing at the Earth in three hours can 
meet the world’s power demands for a 
year. 

Photosynthesis in many economic 
crops is relatively inefficient. But in 
some other plants a more photosyn- 
thetic system, C4, operates, Attempts 
to introduce the C4 system into econo- 
mic crops are in progress, together 
with a programme of plant breeding 


[Lecturers lectured 















more efficient and will produce specific 
desirable products. Hydrogen gas, a 
likely fuel for the future, can also be 
produced by photosynthesis, said Dr 
Hall. Under certain growing conditions 
algae can produce hydrogen, and model 
chloroplast-membrane systems have 
generated hydrogen in the laboratory. 

If sunlight could be converted with 
an efficiency of 10% (compared with 
0.2% naturally) only 1.5% of the land 
area of the United States would be 
needed to provide the total energy 
requirement of that country. Sunmier 
South Africa and Australia would need 
less still and even densely populated 
Britain would need to use only 9% of 
her land area. 

Dr Hall stressed that an integrated 
approach using a variety of organisms, 
not only green plants, would be needed 
but that it would then be possible to 
harness all the sunlight between wave- 
lengths of 400 and 900 nanometres. 

Participants who found Dr Hall’s 
ideas too revolutionary found little 
consolation in the next lecture. Pro- 
fessor M. W. Thring (Queen Mary Col- 
lege, London) said that much of the 
world’s coal resources can never be 
tapped if we continue to use human 
miners. He introduced the concept of 
‘telechurics’ hands at a distance. Al- 
ready such automation has been used 
to service nuclear reactors and on the 
Moon. But the machines for mining 
coal would have to perform all the 
functions of a human miner. Pro- 
fessor Thring believes that expenditure 
of less than £100 million could 
develop such mechanical minérs within 
10 years; they would be operated by 
one worker from the safety of a control 
room. 

But whatever we burn, we must learn 
to do it more efficiently. Professor F. 
Weinberg (Imperial College, London) 
explained that natural burning is a 
very inefficient process. Extremely low 
concentrations of combustible material 
in air—‘léan mixtures’—cannot be 
burnt using conventional methods of 
combustion. But the efficiency of 
burning can be improved by preheating 
mixtures, said Professor Weinberg, thus 
allowing much leaner mixtures to be 
burnt. Useful supplies of energy 
could be extracted from waste gases, 
which at present are allowed to escape 
as pollutants into the atmosphere. 

Professor Weinberg also discussed 
how electric fields could be used to 
regulate the behaviour of various 
pollutants within a flame, such as 
carbon or lead oxide smokes. Pollu- 
tants could then be induced to deposit 
in a particular position, on an electrode 
for instance, and particles could be 
fhanipulated, allowing control of their 
development and consumption in the 
combustion zone. 


Nature Vol. 250 July 19 1974 


Business: multinats 
in the news 


by Roger Woodham 
A COMMISSION on Multinational Cor- 
porations is called for in a recent report 
to the Economic and Social Council of 
the United Nations (UN) by a “group 
of eminent persons”. The group was set 
up by the council to study the “impact 
of multinational corporations on de- 
velopment and on international rela- 
tions”, and during its deliberations it 
questioned some 46 witnesses including 
Mr. Ralph Nader, Mr Altiero Spinelli 
(a member of the Commission of the 
European Communities) and Sir Val 
Duncan (Chairman of Rio Tinto Zinc). 
The report makes it clear that the 
primary responsibility for the be- 
haviour of multinationals rests with 
individual governments, which should 
be backed up by action at the inter- 
national level to promote cooperation 
and harmonisation. The commission, 
the group envisages, will be made up 
of experts acting in their individual 
capacities and assisted by an informa- 
tion and research centre within the UN 
Secretariat. Some sort of general inter- 
national agreement is the eventual goal 


(perhaps something like the General 
Agreement on Tariffs and Trade, 


GATT). 

Particular concern is shown in the 
report about the effects of multina- 
tionals on developing countries, in 
many of which there is “widespread 
concern over foreign control of key 
sectors qf the economy”. The group 
thinks that host countries should 
clearly define the areas in which they 
are ready to accept foreign investment 
and that developing countries, espe- 
cially, should be encouraged to retain 
ownership of their natural resources 
or control of the use of them. More 
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joint ventures between multinationals 
and individual governments may be the 
answer, with capital being made avail- 
able by international financial institu- 
tions. 

On the technological side, the report 
reiterates what others have said be- 
fore, namely that the most up-to-date 
technology is not necessarily the most 
appropriate for a developing country. 
One of the group’s suggestions is that 
host countries set up centralised nego- 
tiating machinery to deal with all as- 
pects of proposals for foreign invest- 
ment, the nature of the technology 
included, 

The group thinks that the matter of 
multinational corporations needs to be 
discussed at least once a year by the 
Economic and Social Council. And in 
something of an understatement the 


report declares that “their activities 
are not per se geared to the goals of 
development” 


© Hoechst UK, British subsidiary of 
the German chemical giant Farbwerke 
Hoechst, formally opened its new 
pharmaceutical laboratories at Milton 
Keynes last week. With a budget of 
£1 million a year the new laboratories 
are the latest in a series that Hoechst 
has been setting up throughout the 
world in the past six years—the others 
are in the United States, Japan and 
India. The emphasis at Milton Keynes 
is, however, to be on development. 
and the eventual full complement of 
150 scientists will work on diagnostics 
and the development of possible new 


drugs rather than search for new 
chemical entities. 

Hoechst has become particularly 
sensitive to the strong feelings that 


surround the use of animals for testing 
drugs because on two occasions last 
year a group calling itself the Band 
of Mercy attempted to burn down the 
laboratories as they were nearing com- 
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pletion. It failed, but the conspicuous 
presence of uniformed gentlemen from 
a private security company and the 
neatly rolled fire hoses near hydrants 
showed that the company is taking 
no further chances. Dr J. Coombes, 
head of Hoechst pharmaceutical re- 
search in Britain, made a special point 
of saying that “we would, of course, 
prefer to avoid the use of animals, 
with all their disadvantages, and we 
try to do this wherever we can, but 
in most cases it is just impossible.” 
tests on animals are required 
by law under the Medicines Act, he 
added, 


First aid for 
the Aral Sea 


from our Soviet Correspondent 

Until the grand, often publicised 
schemes for diverting the North 
Siberian Rivers Ob’ and Yenesei so that 
instead of discharging into the Arctic 
they will irrigate the steppes of Central 
Asia, can at last be brought into effect, 
first aid measures are needed to save 
the Aral Sea. 

This small inland sea, fed by the 
waters of the Amu-Darya and Syr- 
Darya was first hydrographically sur- 
veyed by a military expedition in 1848-9 
(as part of the drive towards India), 
and has in the subsequent century 
and a quarter fallen some 3 m in level, 
because of the use of the rivers for 
irrigation. 

The Aral basin contains more than 
half of the irrigated lands of the Soviet 
Union, 90% of the cotton crop, 40% of 
the rice and considerable quantities of 
fruit and vegetables. It is not, however, 
a lack of water in absolute terms that is 
the trouble, but a piecemeal use of what 
there is. During the spring floods the 
irrigated settlements are in considerable 
danger from flooding, and the only 
remedy at present is to divert the 
floodwaters to go to waste in the deserts. 

The solution proposed is simple—a 
system of 13 dams to be built on the 
two rivers to contain the floodwater, 
distributing it for irrigation as required 


with the remainder being discharged 
into the sea. The surplus irrigation 
water will be collected and reused for 


irrigation and for leaching salts out of 
the soil, a method already in use in 
many of the Soviet Central Asian 
cotton farms. 

The methods seem standard enough, 
but the publicity given to it and to its 
initiator, a certain Konstantin Rakitin 
(meriting a page and a half of a Novosti 
press release), would suggest perhaps 
that the prospect of a spectacular future 
solution—the diversion of the great 
Siberian rivers—has until now led to a 
neglect of the necessity for short term 
conventional measures, 





correspondence 





Newton and Kepler 


Sir,—-The exchange of letters between 
J. Herivel and D. T. Whiteside (Nature, 
April 19, 634) arising from Herivel’s 
review of my Introduction to Newton's 
Principia (Nature, 247, 163-4), hinges 
primarily on my alleged interpretation 
of an article by Whiteside (1964) and 
only secondarily on the substantive 
issue: Isaac Newton’s possible know- 
ledge of Kepler’s law of areas before, 
1676 or so, or even later. 

When Whiteside’s article appeared 
in 1964, I had already been engaged 
for several years in wholly independent 
research on the development of planet- 
ary astronomy before the Principia and 
on the source of Newton’s knowledge 
of Kepler’s laws. One of the central 
topics of my investigation had been the 
use of one of three then-current variant 
substitutes for (or approximations to) 
the area law—associated with the 
names of Bullialdus, Ward and 
Mercator. As I read through Newton's 
early manuscripts and book annota- 
tions, I was struck by the fact (it would 
have been impossible not to have 
been! ) of the obvious and conspicuous 
lack of any early documentary refer- 
ence by Newton himself to the law of 
areas—there is none dating from the 
period up to the famous exchange of 
letters between Hooke and Newton in 
1679-80, 

When Whiteside’s brilliant article 
appeared, I temporarily laid aside my 
own book-length manuscript, but the 
postscript (page 137) to Whiteside’s 
article refers to this work of mine. 
Accordingly, Herivel’s remarks as to 
whether my opinion is or is not simply 
a correct interpretation of Whiteside’s 
article may be seen to be irrelevant. 

The substantive point at issue is not 
whether Newton may possibly have 
encountered the law of areas before 
1676 (at which time he may very well 
have read the statement of the law in 
Mercator’s treatise). It is rather 
whether at any time earlier than the 
end of his exchange of letters on mo- 
tion with Hooke, in 1678-79, Newton 
consciously gave to this law any serious 
consideration as a possible basis of 
physical principles, or as an accurate 
(or most. accurate) descriptive state- 
ment of the variations in planetary 
orbital speeds, or even as a major or 
significant element in considering 
planetary motions of the same order of 


importance, say, as the elliptical orbits 
or the harmonic law. On the basis of 
ordinary canons of historical evidence, 
and to give my view the most accurate 
expression possible, the footnote in my 
Introduction, which is the occasion for 
these letters may be (in part) expanded 
and rewritten more fully so as to read: 
“There is no documentary evidence 
that Newton was consciously aware of 
Kepler’s law of areas (much less that 
he considered this law in any signifi- 
cant manner) prior to 1676, when he 
might well have encountered it in 
Mercator’s Institutionum Astronomi- 
carum Libri Duo. At the end of his 
correspondence on motion with Hooke 
in 1679-80, or possibly soon thereafter, 
but at least by 1684, he used this law 
to solve the central problem of ellipti- 
cal planetary motion, shown to result 
from the action of a centrally directed 
inverse-square force on a body with a 
component of linear inertial motion.” 


Yours faithfully, 
I. BERNARD COHEN 


Cambridee, Massachusetts 


Family planning 


Sir,—-Poor parents in poor countries 
do not readily adopt family planning 
methods even when these are available 
to them, because they do not want to 
have small families. They want large 
families for various reasons, many of 
which are economic; children provide 
free labour on family farms, security in 
old age and so on. Economic motiva- 
tions can be changed by economic 
means. Under present circumstances 
a substantial reduction in the rate of 
population growth appears to depend 
on widespread economic improvement: 
but in many developing countries wide- 
spread economic improvement does not 
seem feasible unless there is a sub- 
stantial reduction in the rate of popu- 
lation growth. 

The problems are familiar, but they 
may not be insoluble. In many parts 
of the world the parents’ desire for 
large families seems to represent to a 
great extent a desire for sons. [f such 
parents could choose to have sons 
rather than daughters they would 
probably do so; if a cheap and simple 
method existed which increased the 
chances of having sons rather than 


daughters, it would probably be 
readily adopted. The total number of 
children needed in order to obtain any 
given number of sons would be reduced. 
And in the long term, the shortage of 
women of child-bearing age would lead 
to a further reduction in the birth rate. 

Human sperm bearing X and Y 
chromosomes can be separated in 
vitro on the basis of their differential 
motility. Y-sperm, which are male- 
determining, have a greater ability to 
penetrate an interface between a less 
viscous and a more viscous fluid and 
also out-distance X-sperm by swim- 
ming faster in a fluid of relatively high 
density and viscosity’. It is not incon- 
ceivable that some method could be 
devised whereby a suitable viscous 
solution could be introduced (for ex- 
ample within a capsule) into the female 
genital tract in such a way that after 
sexual intercourse the X-sperm were 
selectively retarded and the chances 
of conceiving a male child were in- 
creased. 

The idea that the ability of parents 
to choose to have sons rather than 
daughters could lead to a substantial 
reduction in the birth rate, especially 
in countries with high rates of 
population growth, has been proposed 
before*; the recent findings on differ- 
ential sperm motility suggest that this 
idea should now be taken seriously. 

If a suitable method could be 
developed and if it were adopted on a 
wide scale, the increased proportion 
of males in the population would un- 
doubtedly create new problems, some 
of which are easy to imagine. But what 
are the imaginable alternatives? In 
India, for example, in spite of a well- 
established, government-sponsored fam- 
ily planning organisation and mass 
sterilisation programme, the population 
is now increasing by one million every 
twenty-five days. 


Yours faithfully, 
A. R. SHELDRAKE 


International Crops Research Institute 
for the Semi-Arid Tropics UCRISAT), 
/-11-256 Begumpet, 

Hyderabad 500016, 

AP, India n 
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What does BL Lac? 

Many extragalactic objects—the nuclei of some galaxies, 
quasistellar objects, N systems and objects of the BL 
Lacerta type—contain very small components which vary 
in optical light, and in radio flux. The variations take place 
on time scales which vary from days or weeks up to many 
years. Objects with a wide range of redshifts are involved, 
and of course until recently no lines had been identified in 
objects of the BL Lac type. 

Radio astronomers using very long baseline interfero- 
meters have measured very small angular sizes 10-*-10~* 
arc second in some sources, and apparent changes in 
angular structure have been seen in several of them. The 
time variations which occur either in flux or in angular size, 
when interpreted using distances obtained from redshifts 
(that is on the cosmological assumption), have led to various 
apparent difficulties in interpretation. 

The very small sizes set by the light travel time and the 
very large optical fluxes set by the large redshifts lead to 
immense photon fluxes, and apparent contradictions in- 


volved in the interaction of the photons with the electrons 


which must generate them. This problem, originally raised 
by Hoyle, Burbidge and Sargent in 1966, has been argued 
about, skirted around and sometimes denied. 

In cases where one has angular size measurements and 
radio spectra which turn over, suggesting synchrotron self- 
absorption, detailed calculations can be made (see for 
example Jones, O'Dell, Stein and Burbidge Astrophys J., 
188, 353: 1974). If flux variations in such radio sources are 
explained in terms of a simple expanding cloud model, it 
is found that for all sources with large cosmological red- 
shifts and rapid variations the expansion must be highly 
relativistic. This means that enormous energies of the order 
10° erg or greater are released in frequent outbursts, part 
of the energy being associated with relativistic expansion 
against the surrounding medium. Because of the short time 
scales the cumulative energy problem is very severe. 

In sources in which angular sizes seem to have varied, 
the observations were first thought to indicate relativistic 
motion of components—separations of doubles, and so on 
-ät relativistic speed. Thus, there was talk of apparent 
superlight velocities. By now the difficulty and ambiguities 
of interpretation of the radio data have led some people 
to discount models of this type, and models in which it 


is supposed that several small spatially separated com-. 


ponents are varying independently are now in vogue, These 
too have their difficulties. 

All of these apparent problems raised by such sources 
stem, however, from the great distances implied by the 
redshifts. For comparatively close objects, such as the radio 
galaxy NGC1275, low and entirely reasonable optical and 
infrared radiation densities, non-relativistic motions and 
lower energies are required. Thus, for some time, either the 
unpopular view that the redshifts are not measures of 
distance, or the notion that nobody really understands the 
physics of the sources has been the basis of the two ap- 
proaches taken by students of the subject. 

Until recently the BL Lac objects which show very rapid 
flux variations and all of the other continuum energy 
properties of, for example, QSOs, could not be brought 
into the debate because no redshifts had been measured. 
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Now within the space of three months redshifts for two 

of them, BL Lac itself (Oke and Gunn, Astrophys. J. Lett., 

189, L5; 1974) and PKSO735+178 (Carswell, Strittmatter, 
Williams, Kinman and Serkowski, ibid., 190, L101; 1974) 8 
have been published. What is one to make of them? The 
strongest claims have been made for BL Lac. Full publicity a 
has been accorded to the view of Oke and Gunn that BL: Lac 2 
is a QSO embedded in an elliptical galaxy with a redshift > 
z=0.07. Discounting for a moment the fact that the paper = 
and the news releases (which many scientists have read 
more carefully than the paper itself) appeared on April: 
Fools’ Day, how seriously should one take this claim? 
Earlier arguments of different kinds by Adams (Astrophys. 
J.. 188, 463; 1974) and by Wlérick, Michet and Leliévre ( 
hebd Séanc. Acad. Sci., Paris, 278, 245; 1974) in which i he 
tacitly been assumed that a normal galaxy does underly the 
nonthermal object, have led to distance estimates whic 
range from 130 Mpc (z=0.022) to 420 Mpe (z=0.07). The 
Oke—Gunn result rests on scanner observations of the outer 
parts of the object and it is claimed that weak absorption - 
features, not all of which are identified, are those expected 
from stars in a normal elliptical galaxy. The problem is — 
that the observation is very difficult, the features are weak. 
and the reality of some, and perhaps all of the absorption. 
lines, is in doubt. ME 

What can be learnt from the other BL Lac object 
PKS0735 +178? In this investigation the authors have made 
no claim to have discovered a stellar component. The red- 
shift rests on two comparatively sharp absorption features 
which they attribute to Mg II, based on the separation be- 
tween the two components of the doublet. These are not 
likely to be due to stars, otherwise the two component 
would be smeared into one broader line; The absorptic 
are more like those arising in gas clouds ‘which are ofte: 
seen in high-redshift QSOs. The object is variable in optical 
light and in polarisation on time scales less than a month: 

Thus, on the face of it, these first two BL Lac objects in- 
which spectroscopic features have been found seem to be- 
different. One may have its source in a normal galaxy. 
with a lineless QSO (a contradiction in terms of the original. — : 
definition) embedded in it. The other, as far as is known, 
is a nonthermal continuum object with QSO-like absorp- 
tion in it. 

Should these interpretations be taken seriously? The 
answer is that one should be exceedingly cautious at this 
point. The most important thing is to check the BL Lac 
observations using independent and, if possible, superior 
equipment. It would not be at all surprising, despite the 
ballyhoo and the claims, if they did not survive. It is inter= ioo 
esting to see how easily theoreticians tend to accept: this ay 
result at face value, when compared with the way they 
looked sceptically at the original gravitational wave results. 

What bearing do these results have on the problems 
mentioned earlier? If BL Lac is at a distance of 420 Mpc, 
then as Oke and Gunn point out, the luminosity and rapid 
variations of the central object give rise to all of the: ap- 
parent difficulties associated with understanding the radia- 
tion properties of the large-redshift QSOs. The same can 
be said for PKS0735+178 which has an even larger red- 
shift (z=0.424), At the same time the results do not provide 
direct evidence against the possibility of noncosmological . 
redshifts. If it is supposed that a QSO is embedded in a 
galaxy, it must be proved that each component has the 
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same redshift if the noncosmological hypothesis is to be 
disproved, In BL Lac only the redshift of the outer part 
tas been observed. The centre is excluded. This argument 
is the converse of that used by Kristian (Astrophys. J. Lett., 


Three abundance classes 


GENE expression has both a quantitative and a qualitative 
component. It is important to know not only which genes 
are expressed but also how many transcripts of each are 
present. On page 199 of this issue of Nature Bishop, 
Morton, Rosbash and Richardson show by two independant 
methods that in HeLa cells approximately 1%, of the single 
copy DNA, enough to code for about 35,000 different 
average-sized proteins, is transcribed into cytoplasmic 
messenger RNA which may be isolated by affinity chroma- 
tography on oligo (dT) cellulose. These mRNA molecules 
are present in three distinct frequency classes. About one 
fifth of them are transcribed from a very few (about 17) 
sequences but are present in great abundance {about 10° 
copies each per cell). One half of the mRNA is derived 
from a very large number (about 35,000) of different genes 
but individual mRNA sequences are present at low con- 
centration (about 10 copies per cell). The remainder of the 
message population derives from an intermediate number of 
genes (about 350) and each is represented by approximately 
450 copies per cell. 

The kinds of experiment from which these numbers are 
derived involve purification of cytoplasmic mRNA by 
affinity chromatography on oligo (dT) cellulose. Although 
this method does not give a total message preparation (for 
instance histone MRNA will not be present), it seems likely 
that it will contain the bulk of the mRNA. Highly radio- 
active DNA complementary to the purified mRNA (cDNA) 
is synthesised by viral reverse transcriptase for use as a 
probe in nucleic acid hybridisation reactions. Bishop et al, 
performed two types of hybridisation reaction with their 
antimessage cDNA-——one using total DNA in excess and 
one using purified mRNA in excess. The DNA-driven 
reaction shows that cDNA prepared from total cytoplasmic 
message hybridises to both repetitive (about 10%) and non- 
repetitive (about 70%) components. A control using purified 
radioactive HeLa single copy DNA instead of cDNA defined 
a rate constant for the renaturation of HeLa unique 
sequence DNA which is nearly identical to the rate constant 
determined for the second transition of the cDNA reaction, 
providing convincing evidence that cDNA is reacting with 
unique sequences. These results suggest that most of HeLa 
cytoplasmic message is transcribed from unique DNA but a 
small fraction (about 15%) derives from a class of inter- 
mediate repetitive sequences. 

The rate of the RNA-driven hybridisation reaction 
between cDNA and mRNA template in excess is determined 
by the relative concentration as well as by the absolute 
number of different mRNAs in the total preparation. If all 
mRNAs are at equal concentrations then the reaction will 
have a single transition with a rate constant determined by 
the number of reacting species. But if some RNAs are 
present in greater amounts than others they will react faster 
and show up as an early transition or step in the progress 
curve of the reaction. The actual curve relating extent of 
cDNA hybridised to the Ret (product of initial mRNA 
concentration and time) shows three such transitions 
suggesting at least three major frequency classes in the 
mRNA population. In order to interpret these curves, a 
kinetic standard of known sequence reiteration frequency 
and molecular weight is required. Reaction between excess 
rabbit haemoglobin a chain mRNA or a mixture of a and £ 
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179, L16; 1973) who, having observed QSOs whose red- 
shifts had been measured and which have fuzz around 
their images, assumed, without proof, that these were 
galaxies. GEOFFREY BURBIDGE 


of messenger RNA 


chain mRNA and homologous cDNA provides such a 
standard. A further requirement for estimating numbers of 
gene transcripts is a measurement of the number-average 
molecular weight of HeLa mRNA which was determined at 
600,000 daltons-—-about three times the molecular weight of 
haemoglobin @ chain mRNA. Dividing the observed Roti» 
for each transition by the Roti, of the kinetic standard 
corrected for the difference in molecular weights gives an 
estimate of the number of gene sequences contributing 
transcripts to that frequency class. 

These calculations are necessarily approximate since they 
rely on unverified assumptions such as the general applic- 
ability of a number-average molecular weight determined 
for the total mRNA population to different subsets of that 
population and uncertainty about the contribution of 
repetitive gene transcripts to each of the three frequency 
classes. Furthermore, it is not clear at present whether all 
poly(A)-containing RNA is transcribed by reverse tran- 
scriptase with equal efficiency. In the worst case an entire 
frequency class might not be transcribed at all and clearly 
would not be detected by hybridisation. If on the other hand 
there were only slight variations in transcription efficiency 
this would not matter particularly since the rate of hybridis- 
ation depends on the concentration of cold driver, either 
RNA or DNA, and not on the concentration of cDNA. 
What might be mistaken though would be the relative 
amount each frequency class contributes to the total 
population since these are determined by the plateau values 
and not by the reaction rate. 

A third type of experiment using purified *H-labelled 
single copy HeLa DNA instead of cDNA as the probe in 
an mRNA excess reaction allowed a totally independent 
estimate of the proportion of the genome transcribed to give 
cytoplasmic message. Both the cDNA and the purified single 
copy reactions led to the conclusion that about I% of the 
unique sequence is represented in mRNA and allow some 
weight to be attached to this estimate. 

This work represents a significant advance in the under- 
standing of both gene expression and in the likely numbers 
of different sequences involwed. But many intriguing 
questions remain. Do HeLa cells really synthesise 35,000 
different proteins or do some unique sequence transcripts 
not code for proteins? Are HeLa cells expressing their 
maximum genetic potential or is even this large amount of 
information only a small part of their true capacity. In 
this regard it is noteworthy that a Drosophila cell line seems 
to express an order of magnitude fewer sequences (4,000) in 
cytoplasmic mRNA and it may well turn out that HeLa 
cells are atypical in the amount of information found in 
cytoplasmic message. The existence of three frequency 
classes of mRNA, most of which derive from single copy 
DNA sequences, clearly focuses attention on the differential 
control of mRNA synthesis and degradation. It may be that 
differential rates of synthesis are responsible for variation 
in the steady state level of particular mRNAs but equally 
likely at present are differential rates of degradation, for 
which there is already evidence in HeLa cells. Finally, it is 
clear that a cell cogtains different abundance classes of 
protein and it would be interesting to know to what extent 
this reflects the frequency classes in MRNA. 

Perer J. Ford 
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DNA of 
iepatitis B virus 


SIGNIFICANT advances. in research on hepatitis B virus have 
been made recently. by groups at several centres in the 
United States. Pxperiments by Hirschman and his colleagues 

first indicated the presence of a DNA 
tion with hepatitis B antigen. 
ained by high speed centrifuga- 
nts with clinical and histological 
re ound by electron microscopy to 
consist largely of. th small sleomorphic 16-25 nm spherical 
particles of hepatitis ` gen, although the larger 42 nm 
spherical particles.and tubular. forms of varying lengths were 
also found. These preparations were found to stimulate the 
incorporation of tritiated dTTP into an acid-insoluble pro- 
duct in the presence of all four deoxynucleoside triphos- 
phates, albeit at a low level. The reaction was considered to 
be dependent on an endogenous RNA template or primer 
since pretreatment of the samples with RNase abolished 
their activity. The reaction was, however, stimulated by 
the addition of poly (dAT) and not by poly (rA)-oligo (dT), 
as are the known RNA-dependent DNA polymerases. 

Kaplan et al., (J. Virol., 12, 995; 1973) have reported the 
finding of a DNA polymerase activity in plasmas positive 
for hepatitis B antigen, selected because of their relative 
rich content of the 42 nm double-shelled spherodial form 
of the antigen. DNA polymerase activity was associated with 
the core component of the 42 nm particle after removal of 
the outer surface antigen coat by treatment with the non- 
ionic detergent Nonidet-P40 (NP 40). Surprisingly the 
enzyme seems to function in the absence of any exogenous 
template. The incorporation of tritiated dTTP was depen- 
dent on the presence of all four deoxynucleoside triphos- 
phates and magnesium ions, suggesting that a DNA or RNA 
template within the core probably directs the synthesis of 
DNA. The properties of the enzyme product were further 
assessed using *H-dTTP as the trace label. Digestion with 
pronase followed by phenol extraction resulted in the 
appearance of about 20% of the acid-precipitable label in 
the aqueous phase. This extract possessed a buoyant density 
of 1.71 g cm™ and a sedimentation coefficient of 110S, 
which was reduced to 15S after incubation with sodium 
dodecyl sulphate. Rate zonal centrifugation confirmed the 
close association of the polymerase with a proportion of 
the 42 nm antigen particles, within which the template 
molecule lies in a protected state. No enzymatic activity 
was found in highly purified small (16-25 nm) hepatitis B 
surface antigen particles. Kaplan er al. concluded that if the 
DNA polymerase is a virion enzyme and if the reaction is 
DNA dependent (as was suggested by inhibition of the re- 
action by actinomycin D and daunomycin), then the enzyme 
would be unique because similar virion enzymes have not 
been described so far. 

Kaplan and his colleagues (Nature, 249, 762; 1974) went 
on to study hepatitis B DNA polymerase activity during 
the course of post-transfusion hepatitis. The polymerase 
activity was detected later than hepatitis B surface antigen 
but before serum transaminase levels were elevated so it 
was concluded that polymerase activity was related to 
viraemia and not to virus-induced liver damage. Krugman 
et al. (New Engl. J. Med., 290, 1331: 1974) also concluded, 
after the examination of serial samples of serum from volun- 
teers exposed to the MS--2 strain of hepatitis B virus, that 
DNA polymerase activity seems to identify the period of 
peak replication of hepatitis B virus. 

Further observations on the nature of the polymerase 
and the product of its reaction wêre reported recently 
by Robinson of Stanford University School of Medicine at 
a seminar held at the London School of Hygiene and 
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body and blocked the precipitation of the enzyme-containing 
particles in the absence of the detergent, but after treat- 


advance with this work has been the observation by elec 






































Tropical Medicine (full details will be published. in 
Journal of Virology). Hepatitis B surface antibody rem 
the enzyme from the reaction mixture in the absenc 
the detergent NP 40, but in the presence of NP 40, whic 
exposes the core, the enzymatic activity was found in. th 
supernatant and could only be precipitated by the cor 
antibody and not by the surface antibody. As expecte 
from these results, the addition of purified 16-25 nm surfac 
antigen particles effectively competed with the surface anti 


ment with NP 40 the purified small particles did not block 
the precipitation of the core by the core antibody. The | 
DNA polymerase activity, after treatment of the antigen 
preparations with the detergent, was found at a closely simi- 
lar position in a sucrose gradient as the 28 nm core particles, : 
The 110S structure was found to be associated with the core 
by immunoprecipitation with hepatitis B core antibody. 
Advantage was taken of these two latter observation 
provide a sensitive test for core antibody in sera of pat 
and carriers by using the DNA polymerase and thi 
radioisotope-labelled DNA reaction product as markers fo 
the core. ee 
The initial finding Ta the DNA polymerase äètiviiy,. 
associated with the core particle, does not require add 
DNA or RNA implies that the core contains nuclei 
which served as a primer template for the reaction. A majo 





tron microscopy of circular DNA molecules by shadow. 
casting. Briefly, the procedure involved concentration of the 
42 nm hepatitis B antigen particle by centrifugation followed. 
by purification by repeated equilibrium centrifugation A 
sucrose density gradients. The preparations were expose 
to DNase in order to eliminate free DNA. After treatr 
with the detergent NP 40 the cores were isolated by rat 
zonal sedimentation and treated again with DNase.. Afte: 
further centrifugation the core pellets were disrupted with 
sodium dodecyl sulphate to release any nucleic acid. Incu- 
bation with DNase | before electron microscopy removed | 
all of the circular molecules, whereas RNase had little 
effect. The smooth, open configuration of the molecules. 
suggests that they are double stranded and additional m 
cules of single stranded nucleic acid were not found afi 
spreading in formamide. 
In other experiments, dissociation of the core pa 
with lithium thiocyanate again revealed small — 
nucleic acid molecules. The circular structures were 
supercoiled and Robinson suggests that this appearance 
be due to an open circular conformation with a nick j in 
of the two strands. Size distribution analysis give a mean 
length of the circular molecule of 0.78 um corresponding —__ 
to an estimated molecular weight of the DNA of about 
1.6 x 10°. This is smaller than double stranded DNA found 
in any known ‘complete’ virus and it is similar in molecular 
weight to adeno-associated virus. The thermal denaturation. 
kinetics of the isolated DNA confirmed its double stranded 
nature and gave a result consistent with a G:C content of OS 
48 to 49%. ee o 
This is a somewhat unexpected finding in ‘view. of the ee 
similarity to the base composition of mammalian DNA, 
and if this is representative of part or the whole’ of 
hepatitis B virus genome it is more consistent with those 
viruses possessing the ability to integrate their own genome 
into that of their host. Furthermore, it is difficult to en- 
visage that this molecule Is capable of coding for more than 
five or six proteins and would therefore almost certainly 
not contain sufficient information to satisfy the require- 
ments both for active virus replication and the apparent... 
complexity of the surface determinants on the part: 
associated with hepatitis B antigen. It is also difficul 
imagine the active association of the enzyme and template. 
within the confines of the core of the 42 nm particle. The 
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possibility of their segregation as com- 
ponents of different morphological 
forms, in a manner perhaps similar to 
the Fraenkel-Conrat covirus model 
for some plant viruses which require 
two or more particles to produce infec- 
tion (a concept which was extrapolated 
to human hepatitis type B (Zucker- 
man, Vox Sang., 19, 304; 1970)) cannot 
yet be ruled out. There is also the possi- 
bility that the circular DNA is derived 
from a defective virus, and infectious 
particles with larger DNA molecules, 
which have not yet been detected, 
might be present. Alternatively, a 
helper virus might be required for 
replication (Kassanis, J.gen. Microbiol., 
27, 477; 1962) and, although a second 
or helper virus has not yet been identi- 
fied, such models for hepatitis have 
been proposed (Zuckerman ert al., 
Nature, 214, 606; 1967). 

The findings just reported by Robin- 
son clearly represent one of the most 
significant steps forward in hepatitis 
research, but further work is required 
to establish conclusively the nature of 
the DNA polymerase template, to 
identify the enzyme as viral and not 
host specific and to clarify some of 
the other puzzling characteristics of 
the intriguing hepatitis B virus. 

ARIE J. ZUCKERMAN 
Coin R. HOWARD 


r and K rodents 
in Costa Rica 


from our Animal Ecology Correspondent 

THE demographic strategy employed by 
a species population is a function of, 
and is dependent on, the ecological 
complexion of its environment. This 
affirmation of the status of the popula- 
tion led MacArthur and Wilson (The 
Theory of Island Biogeography, Prince- 
ton University Press, 1967) to under- 
score and draw attention to the signi- 
ficance of r and K selection. In 
seasonally fluctuating environments it 
is argued that populations will seldom 
achieve a density corresponding to the 
carrying capacity (K) and so intra- 
specific competition for food and other 
resources will be low. Natural selection 
will favour those genotypes that pro- 
duce large litters of early maturing 
young. In environments that lack a 
marked seasonal boost in productivity, 
that is, with K remaining constant, 
intraspecific competition will always be 
strong. Selection under these conditions 
(r) favours species that produce small 
litters of highly competitive young. 
Additionally one might expect that 
individual longevity is increased in non- 
seasonal environments along with other 
factors which serve to heighten sur- 
vivorship such as deferment of sexual 
maturity. Thus r selection represents 
selection for a rapid energetic turnover 


and K selection represents selection for 
efficiency of exploitation (Pianka, 
Am. Nat., 104, 592: 1970). _- 

In general the concept is important 
for ecologists concerned with the arti- 
ficial control of rodent populations. 
Microtines from the temperate regions 
are typified by high reproductive out- 
put (5 litters per year; 5-8 young per 
litter), low survival (2-4 months) and 
high population densities (up to 1,000 
per hectare). Heteromyids from the 
arid regions of the New World have 
low reproductive outputs (2-3 litters 
per year; about 2.5 young per litter), 
high survival (up to 5 years in the field) 
and 
0.5-5.0 per hectare). At this level the 
concept seems to hold up well. What 
demographic strategies are adopted by 
two closely related species of rodent 
which occupy seasonal and nonseasonal 
enivonments respectively within the 
same biogeographical region? A recent 
study by Fleming may help to answer 
this question (Ecology, 55, 493; 1974). 

Two study sites in Costa Rica, one a 
dry, seasonal tropical forest, the other 


a wet nonseasonal tropical forest were 


chosen. They were separated by about 
130 km. The terms seasonal and non- 
seasonal were used after sufficient 
vegetational and climatic studies had 
shown there to be a distinct presence 
and absence respectively of an annual 
boost in primary productivity. Fleming 
chose to study the population dynamics 
of two closely related species of 
heteromyid rodents, Heteromys des- 
maretsianus and Liomys salvini. In 
Costa Rica Liomys occurs in the 
seasonal dry forests and Heteromys in 
the nonseasonal wet forests. Although 
Fleming admits that a single compari- 
son between two species can, at best, 
sive only weak support to a general 
concept, the paucity of field observa- 
tions demands that a second look is 
taken at what data there are. Liomys 
matures earlier than Heteromys (3-4 
months as against 8 months) and has 
slightly larger litters (3.8 as against 3.1). 
Juvenile survival is higher and mean 
longevity slightly greater in Heteromys. 
Liomys juveniles and adults weigh 
significantly less than comparably aged 
Heteromys. 

The field study lasted only 1 year 
with an additional month’s study 
almost a year later. These observations 
must therefore be treated with caution. 
The effects of other ecological factors, 
such as predation pressure, while their 
existence was noted, were not mea- 
sured, Nevertheless it seems that Flem- 
ing has provided a prima facie field 
example in support of the concept 
made all the better by it involving two 
closely related species (normally re- 
garded as K-selected species) in ad- 
jacent, but ecologically distinct, 
habitats. 


low population densities (about: 
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R to T with IHP 


from a Correspondent 


From a large number of interesting 
papers on structural and functional 
aspects of haemoglobin, a series of 
three long reports on the “Influence of 
Globin Structure on the State of the 
Heme” (Biochemistry, 13, 2163, 2174, 
2187; 1974) commends itself for atten- 
tion. The series is noteworthy in carry- 


ing the names of ten authors from six 


different laboratories in the United 
Kingdom, the United States and 
Nigeria, and makes simultaneous use 
of a wide range of techniques. 

In part 1 on human deoxy-Hb, 
Perutz, Ladner, Simon and Ho have 
used two modified haemoglobins and a 
mutant, all of which can be made to 
remain in the R (oxy) quaternary state 
when fully deoxygenated, and switch 
to the T (deoxy) state by addition of 
inositol hexaphosphate (IHP). By using 
such haemoglobin species, the effect of 
the R — T transition on the 5- 
coordinated ferrous haems can be 
studied in the absence of any dissocia- 
tion of ligands. In the fully deoxy- 
genated but R state, des-Arg(B-141)- 
Hb, NES-des-Arg(a-141)-Hb and Hb- 
Kempsey (£-99 Asp > Asn) all have 
electronic absorption spectra, ultra- 
violet circular dichroism and para- 
magnetically shifted proton NMR 
(nuclear magnetic resonance) spectra 
which differ markedly from those of 
normal deoxy Hb-A and resemble 
those of summed free deoxy @ and B 
subunits. Addition of IHP switches 
them to the T state with ¢lectronic 
and NMR spectra like those of deoxy 
Hb-A. The switch also gives rise to 
small absorption and CD spectral 
changes that are most probably due to 
structural changes at the a8, contact 
arza affecting the trp (8-137) and 
tyr (a-142) residues. 

Part 2, by Perutz, Fersht, Simon and 
Roberts, on allosteric transitions in 
methaemoglobin, makes use of optical, 
kinetic and NMR procedures to dem- 
onstrate that binding of IHP shifts the 


His 146 





Helix H 


Helix F 


Movement of SH on transition 
of haem to lower spin 


Effect of changes in spin state of the 
haem on the F helix and on the free- 
edom of the sulphydryl group of 
evsteine-938 to react with ligands. 
Quaternary R structure (from Bio- 
chemistry, 13, 2182; 1974). 
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allosteric equilibrium of high-spin 
methaemoglobin derivatives (aquo-, 
fluoro-) in favour of the T (deoxy) 
state. The reduced reactivity of the 
B-93 sulphydryl groups is also com- 
parable with that observed for deoxy 
as compared with oxy-haemoglobin. 
IHP seems to bind to the same site in 
met- as in deoxy-haemoglobin, be- 
tween the terminal amino groups of 
the 8 chains. Smaller changes in the 
UV spectra and SH group reactivities 
are induced in low-spin methaemo- 
globin derivatives (azido-, cyano-) by 
IHP without the sign reversal in the 
CD spectrum at 287 nm associated 
with the R -> T transition of deoxy- 
haemoglobin. Similarly, the NMR 
studies show that for the high-spin 
derivatives IHP causes larger changes 
in the ring-current-shifted resonances 
of some aromatic residues than it does 
for the low-spin derivatives. Taken as 
a whole, these observations indicate 
that solutions of high-spin methaemo- 
globin derivatives contain both R and 
T forms in equilibrium, with the R 
form favoured by high pH, and the T 
form by low pH and the binding of 
organic phosphates. This scheme can 
account qualitatively for the pH 
dependence of the redox equilibrium 
of haemoglobin and its sensitivity to 
chemical modification, and there is an 
interesting interpretation of the redox 
data in allosteric terms. 

Part 3, by Perutz, Heidner, Lad- 
ner, Beetlestone and Slade, considers 
changes in the visible and near-IR 
absorption, spectra, paramagnetic sus- 
ceptibility, | paramagnetically - shifted 
proton-NMR and electron spin reson- 
ances induced in high- and low-spin 
methaemoglobin derivatives by IHP, 
and relates them ultimately to changes 
in the distances between the iron atom 
and its ligands. The increased Fe-N 
bond distances observed in the T struc- 
ture implies that the globin exercises 
tension on the haem which pulls the 
iron atoms further from the porphyrin 
ring plane, opposing the transition to 
the low-spin state needed for combina- 
tion with oxygen and hence reducing 
the oxygen affinity. Finally, since 
haem—haem interaction is observed 
only when a change in quaternary 
structure accompanies reaction with 
ligands, the present findings imply that 
it is coupled to a change in tension at 
the haem, transmitted by a change in 
quaternary structure of the globin. 
This brings the discussion back to 
globin, which is the starting point of 
the series. It should perhaps be added 
that comprehension of the large 
amount of diverse experimental data 
is greatly helped by some summary 


tables and figures en route which sum- 


marise particular conclusions and 
implications reached during the course 
of the tightly argued discussion. 


Mitotic spindle 
assembly in vitro 


from a Correspondent 


Two main approaches have been taken 
in studies of the mitotic spindle. Mea- 
surements of the birefringence of the 
spindle in intact cells by Inoue and 
others have suggested that the fibrous 
components of the spindle are in dyna- 
mic equilibrium with subunits. The 
birefringence of the spindle is lost 
when living cells are exposed to cold, 
high hydroastatic pressures and to col- 
chicine and other antimitotic alkaloids. 
These agents are thought to depoly- 
merise reversibly the microtubules of 
the spindle fibres and so prevent 
chromosome movement in intact cells. 
The other approach has been to isolate 
the intact mitotic apparatus, usually 
in the presence of stabilising agents 
such as glycols. This procedure has 
provided useful information about the 
chemistry of the mitotic apparatus but 
not how it works, because reversible 
assembly and disassembly have not 
been achieved with spindles so pre- 
pared. 

Three groups of investigators have 
now reported the preparation of 
mitotic spindles which can be made to 
increase or decrease in size by ap- 
propriate treatment of the subcellular 
materials. The spindles are isolated in 
the presence of added rat brain tubulin 
and agents which chelate calcium, 
thereby preventing the disassembly of 
spindle microtubules. Cande, Snyder, 
Smith, Summers and McIntosh (Prac. 
natn. Acad. Sci. U.S.A., 71, 1559-1563: 
1974) lysed rat kangaroo cells with the 
detergent Triton X-—100 into a solution 
of polymerisable rat brain tubulin and 
obtained spindles which lose and gain 
birefringence when cooled and warmed; 
the spindles can move anaphase 
chromosomes to the opposite ends of 
cell preparations. Early anaphase cells 
lysed into buffers containing poly- 
ethylene glycol and nucleotide tri- 
phosphates showed spindle elongation 
and chomosome movement in the.ab- 
sence of added tubulin subunits. The 
authors conclude that although spindle 
growth requires microtubule poly- 
merisation, anaphase motions do not. 

Rebhun, Rosenbaum, Lefebvre and 
Smith (Nature, 249, 113-115; 1974) re- 
port that spindles isolated from eggs of 
the surf clam (Spisula) cooled and then 
warmed with chick brain tubulin 
showed increased birefringence in the 
form of fibres similar in distribution to 
the mitotic apparatus of living cells. 
Sometimes such artificially polymerised 
spindles were larger than normal 
spindles. The isolated spindles increased 
in length but did not shorten and were 
stable to dilution of tubulin. It seems 
that they can assemble tubulin more 
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readily than they can break down the 
assembled units. 

Inoue, Borisy and Kiehart (J. Cell 
Biol., 62, 175-184; 1974) found that 
tubulin purified from porcine brain 
augmented the birefringence of 
Chaetopterus spindles. The cells were 
lysed in a hypotonic calcium-chelating 
solution, and in the presence of tubulin, 
spindles and asters grew considerably 
larger than those in intact cells. The 
isolated augmented spindles depoly- 
merised rapidly at 6° C, and birefring- 
ence was slowly recovered upon return 
to 23°C. The birefringence of the 
spindles also decreased in the presence 
of 2.5 mM calcium but not on dilution 
of tubulin or in the presence of col- 
chicine or colcemid. 

The results represent a useful ad- 
vance in knowledge of the mitotic ap- 
paratus. They show that the conditions 
required for polymerisation of isolated 
spindle microtubules are similar to 
those defined by Weisenberg and others’ 
for tubulin from various sources, in- 
cluding surf clam eggs. The response 
of the isolated spindles to temperature 
reflect those observed in intact cells, 
but other ‘responses, such as those to 
colchicine do not. Disassembly does not 
follow dilution of tubulins, so that a 
simple equilibrium between the protein 
subunits and spindle microtubules is 
unlikely to explain fully the behaviour 
of the spindle. Perhaps improvements 
in isolation technique will produce 
spindles that perform more like those 
in intact cells. Since exogenous en- 
zymes, cofactors and inhibitors can 
gain access to the isolated spindles, it 
should be possible to analyse their role 
in spindle formation and disassembly. 
The spindle, however, is itself likely to 
contain a complex mixture of enzymes 
and other constituents, so that the 
analysis will not be straightforward. 

Gibbons and others have found how 
useful sperm tail preparations made 
accessible to exogenous agents by de- 
tergents can be in analysing flagellar 
movement, and similar analyses should 
be possible with isolated spindles. It 
would be of great interest to know 
whether spindle assembly or dis- 
assembly depends on reversible poly- 


` merisation of tubulin and whether the 


presence of dynein, actin or some other 
contractile protein is required for 
chromosome movement. Apparently 
low calcium is necessary for assembly, 
as well as phosphorylation of GDP 
tightly bound to tubulin. Jacobs at 
King’s College Londan, has recently 
been studying a transphosphorylase as- 
sociated with tubulin, but separable 
from it, which seems to be involved 
in the assembly process. Among the 
many possible systems involved in the 
control of spindle assembly and action 
are the concentration of calcium and 
level of transphospherylase activity. 









from David J. Miller 


Last year’s wonder has become this 
year’s commonplace. On July 1, the 
opening day of the International Con- 
ference on High Energy Physics at 
Imperial College, London, five separate 
new pieces of evidence for neutral 
weak currents were reported. More- 
over, the two groups who had published 
previously reported greatly improved 
statistics (see Nature, 245, 119; 1973 
and 249, 211; 1974 for discussions of 
the first neutral-current result, from 
the Gargamelle bubble chamber at 
CERN, Geneva and of the early 
Harvard/Fermi Laboratory results). 

The most striking of the new pieces 
of data comes from a group at the 
California Institute of Technology, 
which used an array of counters, spark 
chambers and magnets in a neutrino 
beam at the Fermi National Accelera- 
tor Laboratory (FNAL). The momen- 
tum of their neutrino beam is known 
better than in the first Harvard-FNAL 
experiment, and they have a clearer 
technique for identifying events with- 
out fast muons, Their ratio for muon- 
less neutrino events (neutral-current 
mode) to events with a muon (charger- 
current mode) is 0.22 to 1. With an 
antineutrino beam the equivalent ratio 
is 0.33 to 1. Although their neutrino 
beam momenta are around 45 GeV/c 
or 120 GeV/c, compared with around 
1 to 10 GeV/c in Gargamelle, this 
neutrino ratio is very close to the 
latest Gargamelle figure, and the anti- 
neutrino ratio is not alarmingly dif- 
ferent, considering the greater uncer- 
tainties involved in small antineutrino 
statistics. A collaboration of ‘East 
Coast’ university groups, working at 
the 29 GeV/c Brookhaven accelerator 
near New York, has also seen a clear 
neutral-current signal in a spark 
chamber experiment. 

Two groups reported the observation 
of neutral-current events with all the 
final-state particles identified. In Gar- 
gamelle and in the big spark chamber 
arrays, this has been difficult, since the 
neutrinos interact with the protons or 
neutrons of a heavy nucleus. At the 
Argonne Laboratory, near Chicago, 
a group from Argonne, Concordia Col- 
lege and Purdue University has used 
the 12-foot bubble chamber, filled with 
liquid hydrogen or deuterium, to 
identify about 14 events in which a 
neutrino struk a single proton (or a 
neutron in deuterium). The final state 
in each of these events containéd a 
positive or a neutral pion, plus a recoil 
neutron or proton (and also a visible 
‘spectator’ proton, in deuterium). As 


od nmonplace and unexpected 
- from high energy physicists 


with all neutral-current experiments, 
the final-state neutrino in each event 
was not observed. The numbers are too 
small, to date, to do more than to 
establish the existence of these pro- 
cesses. Experimenters from CERN 
obtained similar results by studying 


neutrino interaction on the free protons 


in propane, using film which was taken 
7 or 8 years ago, before the existence 
of neutral currents was even suggested. 
It demonstrates that there should be 
a great deal of useful data to be ob- 
tained from the next Gargamelle run, 
with a propane filling and a more 
intense neutrino beam. 

There can now be no doubt that 
neutrinos and antineutrinos interact 
with nucleons (that is, protons and 
neutrons) in two distinct ways. The 
charged-current mode is more copious, 
but the neutral-current mode, in which 
another neutrino goes off afterwards 
rather than a charged muon, is well 
established. It is even becoming pos- 
sible to put realistic limits on the 
‘Weinberg angle’, a parameter which 
governs the relative strength of the 
charged and neutral currents in the 
simplest unified theory of weak and 
electromagnetic interactions. 

One interesting question still awaits 
a definite answer; that is, how do 
neutrinos and antineutrinos interact 
with electrons? The Gargamelle col- 
laboration reported the observation of 
two events in which an electron ap- 
pears to have been produced by an 
antineutrino interaction. Although the 
calculated background is small, there 
can be no certainty in the observation 
of such a small signal. But the rate is 
roughly what would be expected with- 
in the framework of the simplest 
theory, using a value for the Weinberg 
angle which is consistent with the 
neutrino-nucleon experiments. This is 
the first experimental evidence that the 
neutral neutrino current might inter- 
act with electrons as well as with 
protons. 


Muon puzzles 


There was speculation at the meeting 
about both new elementary particles 
and new interactions. One new effect is 
the direct production of charged leptons 
from hadron collisions. The leptons— 
electron, muon and neutrino—have 
never been observed to take part in 
strong interactions. The hadrons—the 
proton and neutron, the hyperons, the 
mesons and all of the resonant states—— 
are the only known strongly interacting 
particles. They were thought to produce 






leptons only in weak or electromagnetic 
decays, not in their strong collisions. 

A group from CERN, Columbia and 
Rockefeller Universities in New York, 
and from Saclay in France, working at 
the CERN Intersecting Storage Rings 
in Geneva, has now found convincing 
evidence that electrons are directly pro- 
duced in proton-proton collisions at 
the very highest observed energies. 
Another group from Columbia, work- 
ing at the Fermi National Laboratory 
near Chicago, has seen the same sort of 
effect, with both electrons and muons 
coming from proton-proton collisions 
at somewhat lower energies. A Chicago, 
Harvard, Pennsylvania and Wisconsin 
group also has seen direct muon pro- 
duction at the Fermi Laboratory, and 
direct muon production has been 
reported from the even lower energy 
accelerators at Serpukhov in the Soviet 
Union and at Brookhaven, New York. 
All of these data have, of course, been 
corrected for indirect muon production 
by means of the weak decays of mesons. 
In every case the ratio of direct lepton 
production to pion production is about 
i to 10,000. The ratio does not vary 
much over the large energy span of 
these different machines. It also seems 
roughly constant as the transverse com- 
ponent of the lepton momentum, per- 
pendicular to ae incoming protons, is 
varied from 2 to 5 GeV/c. 

Two sorts of explanation have been 
suggested for direct lepton production; 
the revolutionary or the merely surpris- 
ing. One revolutionary explanation 
requires that ‘charmed’ particles are 
being produced, and decaying rapidly 
to normal particles including muons 
or electrons. ‘Charm’ is a postulated 
new quantum number, similar to 
the old-established ‘strangeness’ quan- 
tum number. It is needed to explain, 
among other things, the absence 
of strange-particle production in 
neutral-current weak interactions. The 
merely surprising explanation requires 
that most’ of the pion production 
in high energy proton-proton collisions 
actually comes from the production of 
massive resonances which decay to 
pions by the strong interaction. Some 
of these resonances, in particular the 
‘rho’, the ‘omega’ and the ‘phi’ known 
as the ‘vector mesons’, also decay 
occasionally by means of the electro- 
magnetic interaction to a pair of elec- 
trons or a pair of muons. Preliminary 
calculations, using vector meson decays, 
give a lepton to pion ratio of about 
1 to 100,000. Nobody knows yet 
whether the extra factor of 10 can be 
found to make this calculation match 
the observed rate. But even if the factor 
can be found, and a revolutionary 
&xplanation is mot needed, ideas of 
particular production at high energies 
will have been radically changed. 

The Fermi Laboratory and Harvard 
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neutrino experiment has revealed two 
puzzling muon events of quite a 
different kind. Each seems to be the 
result of the interaction of a 150-GeV 
neutrino in their apparatus, producing 
two muons and a shower of hadrons. 
Ordinary ‘charged-current’ neutrino 
interactions contain one final-state 
muon, and neutral-current events have 
no muons. As a theorist remarked at 
the conference: “taking preliminary 
results seriously is a well known way 
of making a fool of yourself”. Never- 
theless, there is much speculation that 
these dimuons could be due to the decay 
of a totally new kind of particle. Some 
say ‘charmed’ particles again; some say 
it may be the ‘intermediate boson’ that 
carries the weak force, a sort of heavy 
photon; some say it is a heavy lepton 
of the kind needed in the unified weak 
and electromagnetic theory of Georgi 
and Glashow. Certainly, if this observa- 
tion is correct, then no ‘merely surpris- 
ing’ explanation will do. 


Prospecting for 
a dead slab 


from Peter J. Smith 

Geomagnetism Correspondent 
LITHOSPHERIC slabs descending beneath 
trench systems are known to have 
seismic velocities which are measurably 
higher than those in the surrounding 
mantle. Because such downthrusting 
slabs can be recognised in simpler and 
more convenient ways, not least by 
their deep seismicity, there may be little 
need to use the seismic velocity property 
to detect Benioff zones which are still 
active. But what about zones in which 
subduction has now ceased and which 
are seismically quiet or dead? When 
subduction ceases, the relevant slab, 
initially cooler than the mantle into 
which it was previously descending, will 
slowly warm until the thermal and 
compositional contrast between it and 
the surrounding mantle disappears; but 
until this process is complete the ‘dead’ 
slab may retain enough of its identity 
to maintain the velocity contrast. So 


can this contrast be used to detect the 


slab’s presence? 

That there are likely to be recently 
dead slabs to detect may be inferred by 
extrapolating known plate tectonic pro- 
cesses backward in time. The evolution 
on the western margin of North 
America is a good case in point and 
probably the most-studied example. 
Magnetic anomalies in the north-east 
Pacific suggest that a Farallon plate 
(sometimes called the Juan de Fuca 
plate or the Gorda plate) descended 
along the boundary between it and the 
North American plate until about 30 
million years ago, at which time a 
. Spreading ridge between the Farallon 
-and Pacific plates began to collide with 


the western North America trench and 
strike-slip motion commenced along 
the San Andreas fault. In this way it is 
thought, the plate boundary along 
western North America began to 
to change from a subduction zone to a 
transform fault. There is evidence from 
seismic reflection studies of the conti- 
nental margin, from the occurrence of 
subcrustal earthquakes, from andesitic 


volcanism in the Cascades and from’ 


marine magnetic anomalies that north 
of the Mendocino fracture zone sub- 
duction may still be occurring very 
slowly. South of Cape Mendocino, how- 
ever, subduction has ceased, although 
Atwater (Bull. Geol. Soc. Am., 81, 3513; 
1970) has concluded that the cessation 
may have occurred no more than a few 
million years ago. 

The implication here is that the re- 
mains of the Farallon slab may still he 
beneath California and may still have 
sufficient of its original identity to pro- 
duce a measurable velocity contrast. To 
test whether this is indeed so, Solomon 
and Butler (Earth planet. Sci. Lett., 21, 
421: 1974) have attempted to detect 
such a contrast by analysing the travel- 
time delays of teleseismic P waves in 
the region. The method adopted was 
derived from that used by Davies and 
McKenzie (Geophys. J., 18, 51; 1969) to 
show that shallow earthquakes and 
explosions above a descending slab pro- 
duce distinctive patterns of travel-time 
residuals for teleseismic P waves as a 
result of the velocity anomaly within 
the slab. The basic residuals obtained 
by Solomon and Butler were the 
travel-time delays at each station con- 
cerned for P waves from many different 
earthquakes and explosions. But to 
remove uncertainties in source locations 
and origin times and to reduce near- 
source contributions to the total travel- 
time residuals, the residuals actually 
plotted were the differences between the 
travel-time delays at each station and 
the corresponding delays at a reference 
station overlying what is presumed to 
be more uniform mantle. The sources 
were mid-plate earthquakes and explo- 
sions, deep earthquakes, and “carefully 
screened” (to avoid obvious near-source 
heterogenities) earthquakes on spread- 
ing centres and transform faults. 

In the absence of any detailed know- 
ledge of the position and extent of the 
supposed dead slab, the stations chosen 
were those between latitudes 37°N and 
50°N and between longitudes 116°W 
and 125°W at which P wave arrivals 
had been regularly reported during the 
period 1964-1970 (a selection process 
which eliminated all but seven stations, 
three of which were regarded as refer- 
ence stations). The residuals obtained 
from various station pairs were plotted 
on residual-spheres, the resulting plots 
being a measure of the variation of 
travel-time delay with direction of wave 


propagation in the upper mantle be- 
neath the relevant station. 

The residual-sphere for station LON 
in the Cascades in Washington (refer- 
enced to BMO, Blue Mountain 
Observatory to the east) failed to 
indicate any systematic trends in resi- 
duals. If a high velocity slab lies in the 
upper mantle beneath western Washinp- 
ton and if its upward projection cut 
the Earth's surface near LON, an 
eastward-dipping band of negative 
residuals (early arrivals) might- be 
expected. No such band was observed. 
But for station pairs based on the three 
primary stations in California (MIN in 
the southern Cascades, ORV and JAS 
along the western edges of the Sierra 
Nevada), a group of consistently nega- 
tive residuals was observed towards the 
east in each case. Moreover, the average 
travel-time advance in the eastern 
quadrants of the residual-spheres (calcu- © 
lated in the same way for each sphere) 
decreased southwards from 1.2 s for 
MIN, through 0.8 s for ORV, to 0.5 s 
for JAS. 

These patterns of travel-time resi- 
duals (irrespective of magnitude) are 
consistent with the presence of a dead 
slap dipping eastwards beneath Cali- 
fornia. On the other hand, they cannot 
be said to prove the point absolutely 
because the same data could in principle 
be explained using a model with 
undulations in the depth to the top or 
bottom of the low velocity zone. More- 
over, the data are not as complete as 
they might be because of a paucity of 
seismic sources in eastern North 
America. But seen in the light of other 
evidence the case for a dead slab is 
more convincing. In addition to the 
plate tectonic inferences already quoted, 
support may be adduced from heat flow 
studies, for example. According to Roy 
et al. (in The Nature of the Solid 
Earth, McGraw-Hill, 1972), the low 
heat flow in ‘the Sierra Nevada 
apparently requires a heat sink in the 
shallow (~50 km) mantle—a role that 
could easily be filled by the postulated 
slab. If this interpretation is accepted, 
the implication then is that between the 
Pacific plate and the Sierra Nevada the 
Farallon plate dips at an angle of 
perhaps no more than 10°-15°. A more 
detailed analysis of the travel-time data, 
on the other hand, suggests that east of 
the Sierra Nevada the dip is much more 
steep (possibly 40°—50°). 

The southward decrease in the magni- 
tude on the travel-time advance could 
result from differences in the positions 
of the stations with respect to the 
position on the Earth’s surface of the 


upward projection of the supposed > x 
slab, or it could be due to a real south- 
ward decrease of the P wave velocity in 


the slab. Solomon and Butler favour 
the latter explanation on the grounds 
that the three stations are- similarly 











located very close to the western margin 
of the Sierra Nevada or the California 


fa Cascades, but admit that the evidence is 


not sufficient to rule out the other 
possibility. On the other hand, from 
Atwater’s models, they deduce that 
subduction ceased beneath station MIN 
about 4 Myr ago, beneath ORV about 
6 Myr ago and beneath JAS about 
12 Myr ago. In other words, the 
dead slab seems to age towards the 
south, 

This theory would offer a natural 
explanation for a southward decrease in 
P wave velocity, for the older the slab 
the more it will be thermally assimilated 
with the surrounding mantle and thus 
the lower will be the mantle-slab 
velocity contrast. 


Eyeglow 
in butterflies 


from our Insect Physiology Correspondent 


Ir is a familar observation that the 
dark-adapted eyes of nocturnal moths 
produce a conspicuous glow when 
_ viewed in a beam of light. The ‘tapetum’ 
- responsible for this reflection is believed 
to be the rich network of air-filled 
tracheoles which invest the deepest 
levels of the retina. As Horridge (Proc. 
R. Soc. Lond., B179, 98, 1973) pointed 
out, if the light entering one facet is 
confined to a single rhabdom (as in the 
light-adapted eye) its reflection will not 
emerge through another facet. On the 
other hand, whatever the precise mech- 
anism of eyeshine may be, in the dark- 
adapted eye the scattered light may 
follow many possible routes within the 
eye and emerge through other facets. 

Particular interest has been taken in 
the eye glow of butterflies, which can 
be very brilliant, and of diverse colours, 
in the dark-adapted state; but which 
disappears very rapidly on illumination. 
Miller and Bernard (1968) attributed 
this light to the flange-like taenidia of 
the tracheoles running vertically be- 
tween the bases of the rhabdoms, which 
they suggested were functioning as a 
quarter-wave stack made up of alternat- 
ing layers of air and cuticle with refrac- 
tive indexes of 1.0 and 1.4 respectively. 

Swihart er al. (J. insect Physiol., 20, 359; 
1974) now question this ‘basal reflection 
theory’ for the origin of eye glow in 
butterflies. 

_ These authors concentrated on butter- 
flies of the. genus Vanessa, which show 
a uniform orange reflection over almost 

_ the entire eye. The band of wavelengths 

_ reflected is far narrower than was to be 

: expected from a quarter-wave stack. 
The time required for the extinction of 
the eye glow is constant at some 5-10 s 
for a given eye; the cycle of extinction 
(and reappearance in the dark) can be 
repeated hundreds of times with little 


variation. “No detectable changes in 


pigment distribution can be detected. As 
Exner had shown, the response can be 
completely localised to a few omma- 
tidia. The reflections are more intense 
than would be expected from a basal 
reflection—-perhaps 20 to 50% of the 
incident light—and they can be upset 
by the slightest mechanical contact with 
the cornea. . 

Furthermore, the authors show that 
during light adaptation there is a photo- 
mechanical contraction of two special- 
ised retinula cells; this causes the 
rhabdom to fold and the crystalline 
cone to be withdrawn away from the 
cornea. The elastic ‘corneal process’ 
between the cornea and the crystalline 
cone is stretched and its optical proper- 
ties are altered. The corneal process is 
believed to be the source of the eye- 
glow reflections, the spectral properties 
of which will be largely determined by 
the overlying cornea. When the corneal 
process is stretched the reflections are 
extinguished. This ‘distal reflection 
theory’, according to the authors, has 
no physiological implications for vision 
in butterflies: these are diurnal 
creatures; at the levels of illumination 
they normally encounter the eyes are 
in the light-adapted state and the 
corneal process does not reflect—it is 
simply a portion of the dioptric 
apparatus, serving to conduct light from 
the cornea to the lens. 


How swamp plants 
react to thermal 
pollution 


from Peter D. Moore 
Plant Ecology Correspondent 


THERMAL pollution is a problem of the 
future; as nuclear reactors proliferate, 
so larger quantities of waste heat will 
be pumped into the environment caus- 
ing problems of thermal tolerance to 
the organisms living in their vicinity. 
To date little is known about the 
effects on wetland plant communities 


of artificially raising the temperature, 


although some information exists re- 
garding aquatic organisms. 
Sharitz (Oikos, 25, 7; 1974) has been 


able to study the effects of reactor 


effluent in a situation where adequate 
controls have been possible—in the 
swamp forests of the south-eastern 
United States. Many of the lower 
stretches of rivers in this area are sur- 
rounded by swamp forests which, as the 
term implies, are dominated by trees, 
such as Acer rubrum, Fraxinus pen- 
nsylvanica, F. caroliniana and Planera 
aquatica. In these swamps, 48% of the 
plant species are trees and a further 
14% are shrubs and woody vines. 
Swamp forests experience considerable 
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“seasonal fluctuation in water table and 


most of the tree species are intolerant 
of prolonged flooding. Even Taxodium 
distichum and Nyssa aquatica, which 
are the most tolerant to floods, are 
killed by lengthy exposure to a high 
water table. 

Part of the Savannah River catch- 
ment in South Carolina is occupied by 
a nuclear reactor.of the US Atomic 
Energy Commission, which pumps hot 
water into some of the tributary 
streams. One stream in the area is un- 
affected (providing a convenient con- 
trol), two others are thermally polluted 
and a fourth has been recovering for 
more than 4 years following 14 years 
of thermal stress. The area therefore 
provides a useful setting for the study 
of the effect of nuclear plant discharge 
on swamp vegetation and the way in 
which the flora recovers after the ac- 
tivity is stopped, 

The area currently polluted has 
water temperatures which frequently 
exceed 45° C and the vegetation of the 
area has been profoundly altered. All 
trees, shrubs and lianes have been des- 
troyed and the only habitats suitable 
for plant growth are the islands formed 
from collapsed, dead timber; here some 
herbaceous plants, such as Ludwigia 
leptocarpa have become established. In 
fact the diversity (Shannon-Weaver 
index) of the ground flora is frac- 
tionally increased, resulting from the 
new microhabiiats created. 

The recovery area has similar stumps 
and logs, together with emersed, flood- 
plain sediments which have been 
colonised by adventive herbs, such as 
Polygonum punctatum; a large propor- 
tion (35%) of the plants of this area 
are annuals. Some woody plants are 
recorded, including Pinus taeda and 
Salix nigra, but these are not species 
typical of the mature swamp forest, so 
that it is difficult to judge how long 
the area will take to return to the typi- 
cal swamp forest if, indeed, it ever 
does. 

The loss of woody species during 
flooding could be of particular concern 
if it resulted in local erosion and con- 
sequent silting of the Savannah River. 
It is unfortunate, however, that it has 
not been possible to distinguish be- 
tween the truly thermal effects of dis- 
turbance and those resulting from a 
permanent raising of the water table. 
It is probable that the loss of trees and 
shrubs is due to flood intolerance 
rather than sensitivity to high water 
temperatures. Such a distinction, were 
it possible, would igdicate whether the 
destruction of the swamp forest could 
be avoided by providing drainage con- 
duits direct to the Savannah River. 
Although such action would stabilise 
the forest, it would not, of course, re- 
duce the effects of thermal polution on 
aquatic organisms in the river. 
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Photochemical war on the atmosphere 


John Hampson 


Centre de Recherches sur les Atomes et les Molecules, Faculté des Sciences, Université Laval, Quebec, Canada _ 





Professor Hampson believes that many scientists have 
not recognised the potential danger of thermonuclear 
warfare. He outlines some of the changes in the photo- 
chemical regime of the atmosphere, which may be 
wrought by nuclear explosions, and suggests that these 
effects must be considered in future talks on arms 
limitation. 





A FIVE per cent increase in the atmospheric content of 
ozone in recent years has been attributed to the recovery of 
the atmosphere following the injection of NO, by nuclear 
tests during the winter of 1961—62'. Estimates of the theore- 
tical quantity of NO. generated have been presented by 
several investigators’’. If the NO, is not swept out of the 
stratosphere by the change of heating and transport in- 
duced by the new ozone structure, then, should the amount 
of nuclear discharge into the atmosphere increase by one 
order of magnitude, the total ozone content may be halved. 
At first sight it seems that the variation should follow a 
square root law. If the decreased screening by ozone, and 
the consequent increase in NO production is allowed for, 
however, then for particular values of the reaction rate 
coefficients and circulation parameters a linear dependence 
is a closer estimate of the maximum possible effect (within 
the possible range of errors). A further increase of one 
order of magnitude could reduce the total ozone in the 
atmosphere to a fraction of its present value. It is appro- 
priate to enquire into the effect of such radical changes in 
the ozone content and the circumstances in which they 
might occur. 

The photochemical behaviour of the stratosphere is far 
from fully understood, and the chemical effects of high yield, 
high altitude nuclear explosions have never been measured 
and reported. It is probable that there are changes besides 
those which are predicted by the simple NO, theory. That is, 
however, no reason to réject the theory, for it forms a 
solid base for future work. It is difficult to believe that 
mankind can put into the chemosphere an energy compar- 
able to the chemical energy of the ozone layer (~3,000 
Mton) in less time than it took to create the layer, and 
still expect the chemosphere to remain intact. 

It has been assumed’, and no alternative view has been 
presented, that the evolution of life on the exposed surface 
of the planet began with the formation of the ozone screen. 
The removal of this screen would mean that conditions of 
ultraviolet illumination at the surface would become similar 
to those of Precambrian days, and would presumably elim- 
inate all surface life. The biosphere involves such a com- 
plex pattern of interacting influences that it is impossible 
to assess the effects of drastic reduction in ozone. ‘Reason- 
able’ approximations must be used. The ozone content in 
the path from the Sun to the summer pole is double 
that in the shortest Sun-surface path at the equator. 
Halving the ozone abundance woflld create a situation 
where the ultraviolet input is everywhere greater than it 
was previously. For want of a better yardstick I shall 
assume that this is the degree of ozone reduction which 


could destroy the present biosphere. The argument here 
is simply that the biosphere has adapted to the available 
ultraviolet illumination, and a critical condition exists. 
Following a halving of the ozone content no living organism 
would be able to find a place on the surface of the Earth 
where the ultraviolet input was equal to or less than that 
previously available anywhere. 

It is instructive to consider the circumstances in which 
a thermonuclear war could occur, halving the effectiveness 
of the ozone screen. The structure, deployment and poten- 
tial use of nuclear weapons are dictated by an analysis of the 
probable damage and potential injury which would be in- 
flicted on the ‘opponent’. It seems reasonable to assume that 
it will occur whenever the predicted outcome would be more 
favourable to the instigator than any alternative action 
at his disposal. There is no evidence that any of the nuclear 
powers, or any of the nations who are allegedly attempting 
to forestall nuclear proliferation through the United 
Nations, have made any attempt to consider the photo- 
chemical problem in their deliberations. It must therefore 
be assumed that the decisions on thermonuclear war are 
based on a hypothetical body count of potential victims. 
That is the way the issue is posed in the published studies 
of nuclear war, particularly exemplified in the account by 
Kahn’. 

To knock out one of the major powers, the United States, 
the USSR or China, 5,000 Mton must be accurately de- 
livered, somewhat less would be required to destroy Europe. 
If the concepts and calculations of Johnston' are correct 
the use of the minimal deterrent would halve the ozone 
content. In these circumstances, the deterrent as such is 
a myth and becomes one of Kahn’s Doomsday Machines’. 

If NO, is the critical reactant which is destroying the 
ozone then the effects of theromonuclear weapons may be 
greater than the estimates I have given. These estimates 
are based on low level bursts in which the NO, concen- 
tration is calculated from consideration of the thermo- 
dynamic equilibrium in the fireball at a temperature of 
2,000 K. A high proportion of the nitrogen atoms produced 
before and during that stage, during the development of the 
fireball, are recombined as No, and the NO, production 
represents a small proportion of the total energy of the 
nuclear burst. This is not the case for an explosion at 
high altitude, when the energy density of radiation below 
the burst point, at the altitude of maximum NO pro- 
duction, is sufficiently small that recombination through 
NO+N-N:+0 plays a proportionally smaller role. If the 
concentration of N is small compared with that of On, 
then the bulk of the NO produced by N+0O:.7NO+0 
may not be removed subsequently in the competing re- 
action between N and NO. High altitude explosions are 
much more efficient at producing NO than are ground 
level explosions. It is fortunate that the tests in 1962-63 _ 
were conducted in the lower atmosphere and not at high _ 
altitudes. Otherwise there may have been such a large- 
production of NO that any subsequent debate on atmos- 
pheric chemistry would have been both impossible and 
superfluous. 

Each of the two major nuclear powers seems to have 
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a stockpile in excess of the critical value, 5,000 Mton, and 


to be continually jockeying for a uniquely unassailable 
position. The only way this can be achieved is by using 
ballistic missile defence, and the nations concerned can 
be expected to make this a priority item of defence re- 
search. That constitutes a somewhat greater danger to the 
ozone screen than do the offensive weapons. It not only 
increases the required number of offensive weapons but 
also creates more NO per unit of energy released into the 
atmosphere, because interceptions must be made at high 
altitudes. Some years ago there was a far fetched, fanciful 
concept that the release of 1,000 Mton or so in the equa- 
torial E region might have produced an artificial Van Allen 
belt of sufficient intensity and duration to clean up a great 
deal of the debris and decoys which clutter and confuse 
the radar return from a missile warhead. It would not 
have worked, but it is disturbing to discover that such 
concepts are advanced with absolutely no consideration of 
the potential effects on the Earth’s photochemical system. 
Even the ‘orthodox’ defence systems agreed to in the 
Strategic Arms Limitation Talks (SALT) are themselves 
a major threat to the photochemical environment. Several 
hundred interceptors are involved, each with warheads in 
the Mton range. The actual yields of the interceptor war- 
heads have not been published. Assuming that they may 
now, or eventually, be set at 10 Mton, which would give 
the maximum capacity for damaging the re-entry warhead 
and cleaning up the accompanying assorted objects, then 
the defence systems defined by SALT, which themselves 
give only a token and limited defence, would be capable 
of injecting 2,000 Mton into the atmosphere. They would 
do this at high altitudes and therefore have a much greater 
potential for modifying the NO; environment than the low 
altitude bursts. 

The threat to the ozone layer posed by thermonuclear 
discharges is much more serious than that posed by con- 
tamination from supersonic transport (SST) flights. We 
have time to analyse the photochemical environment and 
assess the potential effects long before widespread SST 
flights add an appreciable amount of NO, to the environ- 
ment. The bigger issue is whether the nuclear deterrent is 
a Doomsday Machine. It is astonishing that none of the 


deliberations on reduction of nuclear arms pay the slightest. 


attention to this photochemical parameter. Surely there is 
a need to establish whether there is an absolute limit to 
nuclear war, involving energies considerably smaller than 
those at present used as a deterrent. Such information 
could be used as a lever to cajole the nuclear powers to 
move towards a more positive view of the need for arms 
control. Johnston' has performed a considerable service 
in drawing attention to the potential fragility of the ozone 
screen. It is to be hoped that increased attention will be 
paid to the effects of thermonuclear weapons and that this 
may provide a rationale for the reduction and control of 
nuclear armaments. 

A prima facie case for NO as the agent controlling 
ozone having been clearly established, it should be noted 
that there are many factors of the chemistry and circula- 
tion of the ozone layer, and of the interrelation between 
the layer and the rest of the Earth-Sun system which have 
to be researched before the case is proven. This should 
be no excuse for disregarding the potential danger. It does, 
however, imply that we may find that nuclear weapons 
could exert dangerous effects in other, more subtle, ways. 

A single, 10 Mton weapon exploded in space, less than 
an Earth’s radius away, throws out about as much energy 
at the Earth as does the solar wind during the passage of 
the interplanetary magnetic field sector boundary. Can it 
be assumed that this could cause effects commensurate 
with those deduced by Roberts er al? If a 10% change 
in vorticity could occur with a single weapon, what would 
a space war do? We need to examine whether this effect 
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stems from a chemical source (see ref. 6). 

There seems to be a disparity between the hydrogen 
escape deduced from observations at the exobase, and 
models of H transfer from the lower atmosphere to the 
exobase. In view of this can we neglect the possibility that 
a nuclear war in space would lower the hydrogen concen- 
tration above 40 km, and through an increase in the upper 
atmospheric ozone content reduce the formation of NO 
and increase the total ozone content? 

We simply do not know the answers to many important 
questions. Granted an adequate programme of measure- 
ments, far more amibitions than that envisaged today, and 
sufficient clairvoyance (omniscience might be a better term) 
the minimum time necessary to assess natural variations 
resulting from solar activity in the chemosphere will be 
one solar magnetic cycle of 20 years. There can be little 
prospect of accurately defining how contamination can 
compare with or can couple into the natural variations in 
a shorter period. 

We might as well accept both of the apparently con- 
tradictory propositions that contamination by NO, can 
change the ozone abundance and that the observed increase 
in ozone is real but is not related to changes in the NO, 
content. 

From Johnston’s estimates' it seems reasonable to infer 
that a fleet of 100 Concordes might change the ozone con- 
tent over a period of 5 years to an extent comparable with 
the observed rate of increase of ozone during the decade 
1960-70. This fleet seems to correspond to the maximum 
scale of production and deployment to be expected between 
now and 1980. There seems to be adequate time between 
now and 1980 to refine the observations and theoretical 
analyses of the chemosphere to the point at which we can 
estimate a ‘limiting, scale of operations for supersonic air- 
craft and other potential sources of stratospheric con- 
taminants. This period of grace should be used to ascertain 
whether the observed increase in ozone during 1960-70 
continues into the next decade and is therefore not related 
to recovery from the nuclear tests. 

Contamination by CO: is recognised, but can hardly be 
averted at the moment. Studies of the effect of changes in 
the CO: content have been limited to evaluations of the 
greenhouse effect in the lower troposphere. No attention 
has been paid to possible alterations of temperature and 
vertical stability above the tropopause. These can modify 
the transport of reactive minor constituents, and readjust 
the photochemical balance. There is insufficient informa- 
tion on the details of the nitrogen cycle. We cannot be 
absolutely sure that the scale of human modification of the 
critical elements in the cycle will have no effect. 

The effects of nuclear weapons are another matter. The 
majority of the scientific community fail to recognise the 
potential danger from a change in the chemical envelope 
of the Earth. They thus fail to consider the possibility of 
defining a limit to nuclear activity, which can be univer- 
sally agreed upon and could set the stage for arms con- 
trol. So long as the nuclear problem is viewed as one of 
international rivalry there can be little prospect of any 
control because it will always seem that one nation can 
gain an advantage over another. Kahn’s dictum that a 
Doomsday Machine can never be used is a reasonable 
enough basis for arms control. But this depends on our 
being able to recognise such a machine. 

The main motivation for stratospheric research should 
be the desire to delimit the effects of general contamina- 
tion and to define the absolute limit of nuclear activity 
which would constitute ‘The Doomsday Machine’. 

The fine structure (both spatial and temporal) of the 
reactive minor constituents deserves careful study. John- 
ston et al.* and Goldsmith el al.’ present arguments that 
it is the long term global effects of nuclear tests on the 
ozone content, and not short term local effects, which 
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should be considered. This is an oversimplification, The 
form of polar stratospheric circulation and the charac- 
teristics of the auroral belt were abnormal during the 
winter of these tests. It is always possible that there have 
been more complex interrelationships between the tests and 
the photochemical regime than has been supposed. 

All the parameters involved must be studied, and all 
potential, alterative models of stratospheric chemical be- 
haviour must be included in order to avoid a superficial 
interpretation which fits the selected facts visible from the 
fraction of the iceberg that can be seen at present. 
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Hopping losses in polarisable dielectric media 


A. K. Jonscher 


Department of Physics, Chelsea College, University of London, Pulton Place, London SW6 SPR, UK 


The loss in most dielectric materials shows a component that 
is ‘flat’ in frequency over several decades and does not depend 
strongly on temperature. The usual interpretation as the sum 
of many Debye-like loss peaks is criticised and a new model 
is proposed in which charge carriers hop between localised 
sites in a polarisable medium. 


annette neste rrerentgen peg 


THE dielectric loss y” (@) is defined as the imaginary component 
of the complex dielectric susceptibility 

x(@) = [e(@)/eo]—1 = x0) ix (o) (1) 
where (w) is the dielectric permittivity, €o is the permittivity of 
free space and œ is the radian frequency. The corresponding 
a.c. conductivity is o’(@) = £40% (w) and this may exceed the 
d.c. conductivity o, by some orders of magnitude. The experi- 
mentally Observed frequency dependence of dielectric loss in a 
wide range of materials may be expressed by the empirical 
relation 

x (0) = AT)" 

where A(T) is weakly dependent on temperature but is not 
generally characterised by a simple activation energy and the 
exponent z lies in the range 0 < n < 1, with typical values 
between 0.6 and 0.95. This implies that the loss is ‘flat’ in 
frequency, often over many decades in the normally accessible 
range between sub-audio and microwave frequencies'. In 
general, there seems to be no torrelation between the values of 
©, and o(@) for various materials. 

There are two different approaches to the theoretical inter- 
pretation of the flat loss given by equation (2). The first is 
applicable to materials which are believed to contain molecular 
dipoles and it involves the assumption of a suitably wide 
distribution function g(t) of dipolar relaxation times t, covering 
several powers of ten®, 

The second approach is that of the electronic hopping school 
which considers the frequency dependence of the localised 
charge carriers hopping in a random array of centres?-5:?-8, 
This ‘sequential hopping’ model is in many ways equivalent to 
the former approach, replacing the distribution of dipolar 
relaxation times with a corresponding distribution of hopping 
times. But it also provides for the d.c. conductivity in the limit 
of zero frequency. Given a sufficiently wide distribution of 
intercentre spacings and of their relative energy differences, it is 
possible to obtain a frequency dependence of the type given by 
equation (2) and extending over a reasenably wide range of 
frequency. Another explanation invoking local atomic move- 
ony in disordered solids has been proposed by Pollak and 
Pike’. 













Hopping model E 
I have expressed some doubt about the universal applicability. 
of the sequential hopping model in view of the fact that a very 
wide range of different materials show a very similar depende 
on frequency and the absolute values of the dielectric los 
in a relatively narrow range”. The lack of correlation betwee 
S, and G’(@) is also unexpected in the hopping model, as i 
apparent independence of o’(), but not of Sy, on pressur 
Furthermore, the same frequency dependence is seen in 
tively thick samples in which sequential hopping represe 
plausible model and in very thin (1 to 3 nm) samples, in which 
there is no scope for more than one hop!”. — S 
So I believe that there is sufficient uncertainty about. th 
origin of the flat dieiectric loss due to hopping carriers tor 
it desirable to propose an entirely new physical model ino 
to evaluate its merits and consequences. I consider tha 
essential feature of this model must be its general applicabil 
to a wide range of semiconducting and dielectric syste 
relevant to recall here that it has been suggested that 
loss in some conventional dielectric materials may also be 
to electronic hopping, in view of the known presence I 
materials of low mobility carriers!*:!4, A detailed analysis o 
behaviour of dipolar systems will be published elsewhere. 


Hopping in a polarisable medium cee 
In the conventional picture one considers hopping as occurring pee 
between two localised levels, each of which is uniquely defined. 
in space and in energy (Fig. la). This model is applicable tọ = 
media in which the polarisation responds sufficiently rapidly tò- 

the appearance of an electron on any one site so that the 
transition may be said to occur effectively into the final state. ooo 
But if the polarisation of the dielectric medium. responds 
relatively slowly in comparison with the time taken by the UE 
tunnelling process, as is the case almost by definition in all- 
materials showing a strong dispersion of conductivity with 
frequency, then the energy level picture must be as shown in 
Fig. 1b. The ‘empty’ and the ‘occupied’ states are separated by 
a polarisation energy Wp, due to the relaxation of the surround- - 
ing lattice and carriers. 

In this case, the transition from a localised level í into an 
equivalent unoccupied level j having the same energies may be 
considered to occur in three stages (Fig. ic). Process 1 is the 
thermal excitation of the carrier into a virtual state correspond- 
ing to the unrelaxed energy of an empty state. The follow 
tunnelling transition (2) is not activated and the proces: iss 
completed by a gradual relaxation, 3, into the ground state of 
the newly occupied centre. S 
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Fig. 1 Localised energy levels in hopping between pairs of 

centres. a, Hopping in a medium in which polarisation relaxes 

very rapidly—the conventional hopping system; b, fulland empty 

centres in a medium in which polarisation relaxes slowly; 
c, three stages of hopping between two centres as in b. 


In thermal equilibrium detailed balancing determines the 
transition rates Y° = Y° = 1/t, at which the gain of energy 
from process 3 exactly balances the energy required by process 1. 
For this mechanism to be applicable we require that the 
equilibrium transition time To should satisfy the condition 

To > Tp (3) 
where t, is the relaxation time for the polarisation process, 
since otherwise the carrier would be re-excited before it has had 
a chance to relax. This condition may be expected to be 
satisfied at low temperatures, such that AT < Wp, and at 
higher temperatures the system becomes effectively the same as 
the model of Fig. la corresponding to a rapidly polarisable 
- medium, since in this case the model has no time to respond 
to the rapid transition rate and adjusts itself only to the mean 
occupancy. 

The proposed slow polarisation mechanism is not necessarily 
confined to materials with polar lattices—it may also be expected 
in otherwise non-polar materials which contain hopping 
carriers responding to any changes of the spatial distribution of 
other carriers in their neighbourhood. 

I now consider an assembly of N identical pairs of localised 
sites, each pair containing one electron capable of jumping 
between the two sites constituting the pair. I shall assume for 
simplicity that the sites have the same energies—this does not 
entail any loss of generality of the subsequent argument, while 
simplifying the discussion. In the absence of external fields the 
occupancies of the individual sites are equal on average and 
are fa = 1/2. | 

If an external field is applied to the system favouring ‘down- 
stream’ transitions and discouraging ‘upstream’ ones, the 
occupancies of the corresponding centres change by + f 
resulting in a net polarisation 

P = eaf; (4) 

* S 


where a is the distance between sites and the index s denotes 
summation over pairs of centres. 

The perturbation of the occupancies of the system by the 
applied field must result in a net loss of energy W, for each 
transition in excess of the equilibrium rate 1/t). We argue that 
at this excess transition rate the energy derived from the 
relaxation process 3 in Fig. Ic can no longer be recovered and is 
lost to the phonon system as heat. The rate of energy loss may 
thus be expressed in the form 


dWidt œ Wy | Yuan | = Wp | df/de| œ | dP/dt] ©) 
since the excess occupancies f’ are directly related to the excess 
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transition rates. The absolute value signs imply that the energy 
loss occurs for either sign of the rate of change of f”. Assuming 
now an alternating electric field at a frequency ©, E = Egsin of, 
we may define a frequency-dependent complex susceptibility 
¥(@) = P/E, implying a phase lag between P and E due to the 
presence of loss. 

The physical nature of this loss may be envisaged by consider- 
ing the extra energy required from the alternating field to cause 
the increased transition rate from the relaxed states on reversal 
of the sense of polarisation. This energy is derived from the 
phase lag between P and E. 


Frequency dependence of the susceptibility 


To obtain the energy loss per cycle, W., we must integrate the 
rate given by equation (5) over the half period during which 
dPidt > 0. During the other half cycle the loss arises on the 
opposite sites in the pairs whose occupancy is being increased 
at the time. The loss per cycle is therefore proportional to the 
amplitude of the polarisation P, but the frequency @ does not 
appear in the result of the integration. So 
y” x | yo) | s FE A (6) 
regardless of the frequency ©. However, this relation can only 
be satisfied generally if 
x(a) « z0) (7) 
that is, if the real and imaginary components of the complex 
susceptibility are the same functions of frequency, implying that 
y(x w) = constant with respect to frequency — (8) 
I note, however, that x(w) and x” (œ) must obey the universally 
applicable Kramers~Kronig relations which in the extended 
frequency range (~ ©, ©) may be written in the form of a 
Hilbert transform 


~ (x) dx 
x0) = (Jn) | —— ©) 
~ (xo) 


value. 
It is a property of Filbert transforms that equation (9) and 
its counterpart can only be satisfied with the condition (7) by 


yo) = Asg ojoj"? (10) 
and 

x'(@) = A tan (nn/2) | a (11) 
where A is a constant and the exponent of the power law 
satisfies the condition 0 < n < 1. This implies that the ratio (8) 
satisfies the condition: 

x(x (o) = cot (nn/2) = tan [(n—Dr/2] (12) 
so that the ratio of the real and imaginary parts of the suscepti- 
bility is directly related to the exponent n. 

The upper frequency limit for the applicability of the relations 
(10) and (11) may be expected to be 1/to, the equilibrium 
transition frequency, since beyond this limit the polarisation 
would cease to respond to the applied field, just as in the case 
of the Debye dipolar or hopping processes beyond the reciprocal 
relaxation time. At the lower end of the frequency spectrum, 
the ultimate requirement is that the loss must go to zero as 
w tends to zero, so that x” (œ) œ< œ at very low frequencies. In 
many non-polymeric systems this region is not accessible 
experimentally because of the onset of d.c. conduction which 
dominates the dielectric loss. The expected frequency depen- 
dence of loss for a single set of hopping pairs is therefore as 
shown in Fig. 2. 


Temperature dependence of loss 


Up to this point the°analysis was deliberately confined to the 
discussion of the frequency dependence of dielectric loss, since 
this could be obtained with the minimum of specific assumptions 
relating to the relaxation mechanisms. An extension of the 
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Fig. 2 The frequency dependence of the real and imaginary 

parts of the complex dielectric susceptibility, y¥(@)=y’(@)— 

ix”(@) showing the ‘flat’ loss accompanied by a similar frequency 

dependence of x’ and the cutoff at high frequencies above 

the reciprocal equilibrium transition time, 1/to. a, yao": 
b,x” oc om, 


analysis to cover the dependence of loss on temperature would 
require more detailed assumptions about the nature of the 
hopping transitions than we are able to make at present. 

It may be stated, however, that the temperature would be 
expected to affect several parameters relevant to the present 
analysis. The equilibrium transition rate 1/t, is certainly 
thermally activated and the polarisation relaxation time io 
might be likewise, although the extent of their dependence on 
temperature may be quite different. Since the relative magni- 
tudes of t, and t, determine the applicability of the present 
analysis, equation (3), as distinct from the conventional Debye- 
like hopping, some of the contributing mechanisms may be 
either brought in or eliminated according to the prevailing 
circumstances. 


Distribution of hopping parameters 


The idealised model used so far in the present analysis is 
unrealistic in several important respects. Any real hopping 
system must contain a distribution of hopping parameters and 
it may also involve spatial distributions of centres which make 
possible multiple sequential hopping. In addition, the spatial 
distribution of the axes of the hopping pairs is normally isotropic 
so that the effective field is not E but Ecos 8, where © is the 
polar angle of the pair with respect to the field E. 

The point to be noted in the present analysis is that in the 
presence of several sets of hopping parameters, or even of a 
continuous distribution, we are summing flat-loss characteristics 
instead of summing loss peaks. The final shape of the x’(@) 
curve is therefore much less sensitive to the nature of the 
distribution of hopping parameters than would be a sum of 
Debye-like loss mechanisms. Of special significance is the point 
that the range of hopping relaxation times To does not have to 
correspond to the experimentally observed range of validity of 
flat-loss power-law dependence on frequency. 

It can easily be envisaged that one of the principal effects of 
the Presence of a distribution of hopping parameters may be 
an increased temperature dependence, as some of the more 
Strongly activated mechanisms become progressively ‘frozen 
out’ with falling temperature. 


Discussion 

Here I have proposed a hopping model in which the carriers 
suffer an almost frequency-independent loss of energy arising 
from a relatively slow relaxation of poldtisation in the dielectric 
matrix in which they hop. This should be contrasted with the 
frequency-dependent loss normally associated with hopping 
conduction in nonpolarisable media and also with dipolar 


-= conductivity. 











rotations, both of which give rise to characteristic loss 
functions of frequency. ae 
One direct consequence of the present model is the fi 
both the real and the imaginary parts of the complex di 
susceptibility x(@) have the same frequency dependen 
power-law dependence given by equations (10) and-(1 
follows as a natural consequence of the Kramers- 
relations, leading to a flat frequency response even i 
presence of only one single set of hopping parameters. This 
means that in the present model it is not necessary to invoke —__ 
any special distribution of hopping or dipolar relaxation times _ 
to explain the very widely experimentally observed flat frequency —__ 
dependence of dielectric loss, as would be the case with the 
summation of individual Debye-like loss peaks. In particular, __ 
it is not necessary to postulate sequential hopping over many 
Sites distributed randomly in space and in energy, as is clearly —__ 
the case with d.c. conductivity. This makes it much easier to 
understand the similarity of the experimentally observed. 
behaviour of relatively thick and of very thin samples. It is als 
clear that the dielectric loss has nothing to do with the d.c. 
conductivity 6 of the material, since they are due to essentiall 
different processes, The lack of dependence of loss on. 
static pressure is also understood in terms of the insensiti 
the polarisation energy W, to pressure, as oppo: 
strong dependence of the hopping probabilities the 
especially the most difficult ones determining the- 




























The present analysis is deliberately confined to a very ge 
model, making the minimum of assumptions about the spi 
properties of any particular model under consideration. ` 
that when we are confronted with the case of a very 
observed behaviour, the first task is to show that this beh 
is consistent with a model postulating only a very ge 
applicable property—in the present instance the existent 
slow relaxation of polarisation in the dielectric matrix in 
charge carriers move by hopping. ae 

A comment is indicated about the relation betwee 
approach proposed in the present paper and the earlier th 
of sequential hopping***. These theories may well be applic 
to certain materials which have the required density 
distribution of localised levels, for example chalcogenid 
in which there is also a reasonable correlation between 
and a.c. conductivities. I suggest, however, that the p 
model offers a wider framework in which it is possi 
understand the observed behaviour of many materials t 
the other theories could not be applied so easily. 


Received December 7, 1973. 


' Jonscher, A. K., Electronic and Structural Properties of Amorphous 
Semiconductors (edit. by Le Comber, P. G., and Mort, 3), 00 
(Academic Press, 1973). ni 

2 Jonscher, A. K., J. Phys. C., 6, L235-L239 (1973), ERAR 

3 Pollak, M., and Geballe, T. H., Phys. Rev., 122, 1742-1753 (1961); o 

* Pollak, M., Phys. Rev., 138, A1822-1826 (1965). — © o oo 

* Scher, H., and Lax, M., Phys. Rev., B7, 4491; B7, 4502 (1973). 

ê McCrum, N. G., Read, B. E., and Williams, G., Anelastic and = 
Dielectric Effects in Polymeric Solids (Wiley, 1967). a 

7 Austin, I. G., and Mott, N. F.. Adv. Phys., 18, 41-102 (1969)... 

® Moore, E. J., J. Phys. C., 7, 339~351 (1974). | ue 

* Pollak, M., and Pike, G. E., Phys. Rev. Lett., 28, 1449-145] (1972), 

19 Le Sueur, E. J., thesis, Univ. of London (1972). Bit eta 

41 Ivkin, E. B., Kolomiets, B. T., Raspopova, E. M., and Tsendin, 
K. D., Soviet Phys. Semiconductors, 5, 1558-1560 (1972). 
12 Jonscher, A. K., Proc. Fifth Int. Conf. on Amorphous and Liquid 
Semiconductors (Garmisch, 1973). E 
+ Jonscher, A. K., 1972 Annual Report on Conference on Electrical — 
Insulation and Dielectric Phenomena, 418-425 (Nat. Acad. Sci 
Washington DC, 1973). eae 
t4 Jonscher, A. K., Eleétrets, Charge Storage and T. ransport 
Dielectrics, (edit. by M. M. Perlman) 269-284, (Electroche 
Society Inc., 1973). ees Be a ee 
13 Tables of Integral Transforms (edit. by Erdélyi, A.), Il, 249 (Mc- 
Graw Hill, New York, 1954). mo 










194 






Nature Vol. 250 July 19 1974 





Chemical and biological 


evolution of a nucleotide-binding protein 
Michael G. Rossmann, Dino Moras & Kenneth W. Olsen 
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Three-dimensional alignment of the common nucleotide 
binding structure in dehydrogenases, kinases and flavodoxins 
permits the recognition of homologous amino acids when 
sequence comparisons alone would fail. Minimum base 
changes per codon can then be used to measure evolutionary 
distances which suggest that this structure was present 
during precellular evolution. 
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À COMMON structural domain? whose function is to bind 
nicotinamide adenine dinucleotide (NAD) has been found in 
lactate dehydrogenase (LDH)**, in soluble malate dehydro- 
genase (sMDH)*, in liver alcohol dehydrogenase (LADH)* 
and in glyceraldehyde-3-phosphate dehydrogenase (GAPDH)*. 
Rao and Rossmann’ showed that the same structure was utilised 
to bind flavin mononucleotide (FMN) in flavodoxin®"". They 
also showed that this structure consists of two smaller units the 
function of each being to bind a mononucleotide. Buehner 
et al’ proposed an evolutionary tree which traces the incor- 
poration and evolution of the mononucleotide-binding struc- 
ture in various dehydrogenases and in flavodoxin. Further 
data on the three-dimensional structures and amino acid 
sequences of some dehydrogenases and flavodoxins are now 
available which permits the evaluation of the proposed evolu- 
tionary tree more precisely. We show here that the position 
and sequence of the nodes in this tree are consistent with the 
molecular data, and that a rough time scale for these events 
can be proposed. 

Independent support for the evolutionary tree comes from a 
study of redox potentials and the evolution of biological 
electron transport!'!*, suggesting a common origin for NAD 
and flavin-binding proteins. Furthermore, structures similar 
to the mononucleotide or dinucleotide-binding protein frag- 
ment have been found in phosphoglycerate kinase? (Bryant 
et al. suggest an alternative solution) and tentatively in 
adenyl kinase, Both these enzymes need to bind AMP, ADP 
or ATP. Similarly a flavodoxin-like structure has been recog- 
nised tentatively in rhodanese’ whose biological function 
is not fully established but is known to bind flavin FAD FMN 
and NAD. 


Structural alignments 


The nucleotide-binding protein discussed above consists of a 
parallel sheet formed by three extended polypeptide strands. 
The first two are connected by an a-helix, and the last two by 
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Fig. 1 Diagrammatic representation of a dinucleotide-binding 

protein. The amino termini of the strands in the B-pleated sheet 

are closest to the viewer. The dinucleotide binds to the carboxy 
termini of the strands in the sheet. 
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either an a-belix or another, less well defined, structure. In 
dehydrogenases the secondary structural features of the 
dinucleotide-binding fragment have been termed BA, BB, BC, 
BD, BE and BF within the B-pleated sheet, while the helices 
are labelled aB, aC, ... (Fig. 1). This nomenclature was ori- 
ginally devised for the LDH structure®. Helices aB and aC 
connect strands BA with BB and BB with BC, respectively. 
They are on the same side of the sheet. Along the polypeptide 
chain, the sequence BA, aB, BB, aC, BC forms the first (adenine) 
nucleotide-binding fragment, while the second (nicotinamide) 
nucleotide-binding fragment is related by an approximate 
two-fold axis. The fold of each fragment has the same unique 
band. 


Fig. 2 Hydrogen bonding dia- 
gram of B-pleated sheet region 
in (top) dogfish apo-LDH and 
(bottom) lobster holo-GAPDH. 
Amino acids with thick outlines 
have residues facing into hydro- 
phobic pockets between the £- 
pleated sheet and a helices. 
The hydrophobic character of 
these residues is strongly con- 
served (Table 1). 





There is a greater conservation of the structure of the sheet 
region than of the helices. For example, in LADH and GAPDH 
the helix aD is missing, while in LDH and s-MDH it forms part 
of a flexible loop which undergoes a large conformational 
change during catalysis. The greater conservation of the 
parallel pleated sheet region can be seen readily in Fig. 2 where 
the hydrogen bonding within the sheet has been depicted for 
dogfish apo-LDH and lobster holo-GAPDH. When these 
bonds are equivalently aligned, with due regard for the direc- 
tion of polarity of the peptide chain, then the orientation of the 
C, atom in each amino acid side chain must also be aligned. 
Hence superposition of the hydrogen bonding provides a 
sensitive method of determining homologous amino acids in 
equivalent B-sheet regions of different nucleotide-binding 
fragments. The atomic coordinates of the equivalenced or 
atoms were taken to set up an approximate rotation matrix to 
superimpose the two fholecules being compared. This was then 
refined to minimise the sum of the square of the distances 
between equivalenced atoms’. With this alignment other 
residues, not in the sheet, but nevertheless following the same 
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Table 2 Comparison of the NAD-binding domain among various 
dehydrogenases 
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Dogfish LDH 1 


Lobster GAPDH 2 


Horse LADH 3 





Bouine GluDH 4 
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The top right of the matrix shows the minimum base changes 

per codon for the alignments in Table 1. The bottom left shows 

the number of those equivalent amino acids whose C, atoms 
approach each other to within 3.8 A. 


folding sequence could be equivalenced and incorporated into 
the refinement procedure. 

The amino acid alignments shown in Table 1 are thus based 
on three-dimensional structure, while the character of the 
amino acids has been determined chemically. Since Rao and 
Rossman’ have pointed out similarity of structure between a 
part of subtilisin" and a mononucleotide-binding fragment, 
with the aromatic specificity pocket of subtilisin corresponding 
to the adenine-binding pocket of the dehydrogenases, this 
comparison has been included in Table 1. Results for individual 
comparisons among the dehydrogenases are shown as a matrix 
in Table 2. The resultant alignment of the bound nucleotides 
is best seen in a series of stereographic diagrams. The C, 
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backbone of the NAD-binding fragment of LDH has bee” 


used as a standard of comparison. In Fig. 3, LDH is compare‘ 
with the dehydrogenases GAPDH and LADH, in Fig. 4 
comparisons are made with phosphoglycerate kinasel® and 
flavodoxin and Fig. 5 shows a comparison of the AMP-binding 


fragment with the MNN-binding fragment in LDH. 


Sequence homologies with GluDH 


The alignment of the glutamate dehydrogenase (GluDH) 
sequences!’ is not based on structure but on amino acid 
sequence homologies alone. Different methods of testing 
sequences for homologies in distantly related proteins have been 
reviewed by Haber and Koshland”, Barker and Dayhoff" 
and others. The procedure described by Jukes and Cantor®’, 
which depends on counting minimum base changes per codon, 
has been used here. By far the best alignment was found in 
comparing residues 1 to 38 in GAPDH with 245 to 283 in 
bovine GluDH corresponding to BA, aB and BB (Table 1). 
This corresponds to the most conserved part of the NAD- 
binding structure and furthermore the character of important 
amino acids was maintained. 

The glycine in position 28 of LDH is strictly conserved as 
any larger residue would cause steric hinderance to the binding 
of the ribose ring. The cause of conservation of the glycine in 
position 33 of LDH is probably related to its position on helix 
aB immediately opposite the B-pleated sheet. The conservation 
of LDH aspartate 53 (changed to glutamate in GluDH) at the 
end of BB must be related to its function of binding the 02’ 
atom in the adenine ribose*. The alternate hydrophobic residues 
in the B-pleated sheet is also quite outstanding. 

Although GluDH is known to have two independent binding 
sites for NADH or NADPH” the sequence comparison 


Fig. 3 Superimposed dinucleotide- 
binding domains using LDH as a 
standard. The LDH C, backbone 
is shown in dark as is its NAD 
coenzyme. Residue numbers are 
given for LDH only. Correspond- 
ing numbers for the other com- 
pounds (shown in open bonds) 
can be derived from Table 1. 
Comparisons are with (a) GAPDH 
and (b) LADH. 





could only identify one truly significant portion of the poly- 
peptide chain which compares with the known NAD binding 
domains in other dehydrogenases. 

The alignment shown in Table | for GluDH with GAPDH 
is different from that given by Smith er a/.24 or the two com- 
parisons given by Engel”, one of which contains Smith’s shorter 
sequence. The alignment given here shows 1.00 minimum base 
changes per codon with respect to lobster GAPDH as opposed 
to 148 and 1.53 for Engel’s relationships. Furthermore, 
Engel aligns two GluDH sequences with residues 198-261 of 
GAPDH. However, this region of GAPDH belongs to the 
domain which supplies catalytic residues and generates sub- 
Strate specificity, a domain which might be anticipated to be 
special to GAPDH. Williams and Wilkins? point out that 
Engel’s alignments were based on doubtful statistical pro- 
cedures. 


Measuring evolutionary divergence 


A relative estimate of the time since the divergence from a 
common ancestor (or node in an evolutionary tree) can be 
obtained by comparing amino acids of related proteins. Margo- 
liash and Fitch®?:?* used the amino acid sequence to show 
homologous alignments between proteins and then the mean 
change between the sequence can Be measured by various 
scoring procedures to determine evolutionary distance. In this 
article (except for the GluDH comparisons) three-dimensional 
Structure has been used to obtain alignments, because of its 


structurally equivalent amino acids can then be examined for 





Fig. 4 Comparison of (a) phos > 
phoglycerate kinase (PGK) and (hb). 
flavodoxin with LDH. Conven-~ 
tions used are described in Fig. 3. 
The black ball is the Mg** site in’ 

PGK. B 
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greater conservation over amino acid sequence. Every pair of 


their genetic relationship. 

It is reasonable to assume that the probability of any one - 
amino acid changing to any other is inversely proportional 
to the minimum number of base changes. Thus there can be — 
0, 1, 2 or 3 base changes or on the average 1.5 base changes per | 
codon. If the actual genetic code is taken into account, then the ee 
average number of minimum base changes required is 1.57. 
to change any one amino acid to any other. If, further, the 
natural frequency of amino acids*® is considered, this number 
changes to 1.51. Whether or not an observed minimum base 
change per codon is significantly lower than a random variation 
will depend on its distance from the assumed random. level. 
When additional independent data (such as three-dimensional 
structures) are available, comparisons are of greater significance 
than when only sequence information is at hand. Thus a com- 
bination of structure and sequence permits the measurement 
of more distant evolutionary relationships. 

The minimum base change per codon can be taken as a 
measure of relative evolutionary distance, that is the elapsed 
time since the occurrence of a common ancestor for divergent 
events. This measure is unlikely to be exactly linear with time 
if no correction is made for back mutations. Another cause for 
possible deviation from linearity is that the rate of accepting 
point mutations may have been different at different times. 
In general, however, a uniform acceptance rate is a reasonable 
assumption for a given protein. For GAPDH the observed 
minimum base change per codon between the pig and yeast 





- Fig. 5 Superimposed AMP and NMN mononucleotide- binding 
fragments in LDH. The AMP binding domain is shown with 

— dark bonds and is numbered. The corresponding numbering for 
ooo the NMN binding fragment can be derived from Table 1. 


enzyme in the nucleotide binding protein (residues 1-149) is 





~~ 0.59, but only 0.35 for residues 150-331. Presumably the 
- differing functions of the two domains within a single poly- 

peptide chain' impose different rates of evolution. Thus our 
estimates of divergence among dehydrogenases have been 
taken only within the nucleotide-binding domains. 


A time scale for evolution 
The evolutionary tree suggested by Buehner ef al. has been 


expanded as shown in Fig. 6. Observed minimum base changes 












per codon are also related to a probable time at each node. 
The divergence of the mammalian line from Aves can be placed 
about 3 x 10* yr ago (node 1, Fig. 6), from Arthropoda about 
6 x 108 yr ago (node 2, Fig. 6) and from Fungi about 1.2 x 10° 
yr ago (node 3, Fig. 6)°°*. The presence of the NAD-binding 
protein in cytoplasmic and mitochondrial dehydrogenases 
implies that it originated more than 1.5 x 10° yr ago when 
mitochondria were possibly incorporated into proto- 
eukaryotes®*, Probably, however, this structure is a good deal 
older as it would have been required in the earliest prokaryotes 
for glycolysis around 3.2 x 10° yr ago®**. If it is assumed that 
simple polypeptides and nucleic acids had gained the ability to 
perform energy transfer steps and primitive copying processes 
during precellular evolution®™ we might expect to find the 
mononucleotide-binding protein before 3.2 x 10° yr ago. 
It is also reasonable to assume that it was formed sometime 
after the age of the Earth 4.5 x 10° yr ago *. 

Figure 6 shows that, the larger the age associated with the 
node, the greater is the minimum base change per codon 
consistent with a divergent evolutionary process from a single 
common ancestor. That alternative nucleotide-binding proteins 
exist is, however, evident in the structures of RNase” and 
staphylococcal nuclease*’. Nevertheless, it might be anticipated 
that the basic structure shown in Fig. 1 will frequently be found 
where there is requirement (especially an old and basic require- 
ment) for binding nucleotides. Examples might be amino acid 
tRNA synthetases, ribosomal proteins and virus coat proteins. 
The recognition of this structure by sequence homology or from 
X-ray structure determinations may also give guidance as to 
function where none is definitely known. 

We thank Dr Martha Ludwig, Biophysics Research Division, 
University of Michigan, Ann Arbor, for information on the 
hydrogen bonding scheme in Clostridium MP flavodoxin and the 
related amino acid sequence allocations before publication”. 
Similarly we thank Dr Susan Taylor for information on some 
unpublished segments of the dogfish LDH amino acid sequence 
and to Drs Colin Blake and Carl Brandén for atomic coordinates 
of PGK and LADH, respectively. We thank Drs A. Liljas, 
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Approximately, 35,000 different poly(A)-containing 
RNA sequences are present in HeLa cell cytoplasm. 
The sequences are grouped in three distinct abundance 
classes. 





THE amount of DNA per haploid genome in the higher 
eukaryotes is known to be very large, and this has long 
posed the question of how much of the DNA encodes 
mRNA. Up to the present time few serious attempts have 
been made to answer this question. One problem has been 
the difficulty experienced in attaining sufficiently high 
concentrations of RNA to drive hybridisation reactions 
to completion. The discovery of poly(A) stretches in 
mRNA‘ has partially removed this difficulty, since 
poly(A)-containing RNA can now be separated from 
rRNA*** and much higher concentPfations of mRNA can 
be attained. A second difficulty has been the existence of 
repetitive sequences in the DNA‘: the transcript of one 
repetitive sequence can hybridise with related sequences, 


producing falsely high results. This problem was solved 
by Hahn and Laird’ and others*" using a technique de- 
vised by Kohne”. Labelled nonrepetitive DNA sequences 
are isolated using hydroxyapatite, and annealed with an 
excess of unlabelled RNA. The DNA-RNA hybrids. are 
then recovered on hydroxyapatite. In this way it. was 
shown that about 10% of nonrepetitive mouse DNA was 


represented in transcripts found in total brain RNA, 


Similarly 0.9% of nonrepetitive Xenopus DNA is repre- 
sented by transcripts in the mature oocyte’. 

An even more serious problem has been that whatever 
answer was Obtained, it had to be regarded as a minimum. 
No matter how much RNA was added, or for how long 
the samples were annealed, the possibility always remained 
that classes of RNA were present at a lower concentration 
than the least concentrated sequences observed to react. 
Such RNA sequences ‘would fail to react significantly with 
the complementary DNA sequences, and would go un- — 
detected. This problem can now be solved in the following 
way. It is now possible to synthesise a complementary DNA 


in The Earth's age and geo- i : . 
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Fig.1 Molecular weight distiibution of HeLa cell mRNA. 
o a, Sucrosé gradient of enriched mRNA fraction showing A,,, and 
results of annealing a portion of each fraction with poly(-U)*(o). 
Sedimentation is from left to right. b, Cumulative plot of number 
< ofmRNA molecules against molecular weight (calculated accord- 
ing to Spirin? and Gierer™). Two gradients like that shown in 
© panel a were averaged. Approximately 10° HeLa cells were 
washed and lysed with RSB containing 1% NP-40. Nuclei were 
separated by centrifugation and the outer membrane fraction 
was removed™ and added to the cytoplasmic fraction. Cyto- 
plasmic RNA was extracted by a procedure? modified after 
Parish and Kirby * and passed repeatedly over oligo(dT)- 

cellulose! until free of material which reacted with poly(U)®. 
_ The poly(A)-containing RNA was eluted‘ and again treated in the 
same way. The final eluate from oligo(dT)-cellulose was 

centrifuged for 16 h at 25,000 r.p.m. and 25° C on a 15-30% 
~ sucrose. gradient in NTE (0.1 M NaCl, 10 mM tris, pH 7.5, 
_ 1mM EDTA) containing 0.5% SLS (Spinco No. 27 rotor). The 
mRNA preparations used in this report were prepared by 
precipitating fractions between 3 and 355 with ethanol, and 
passing the precipitate, dissolved in 0.3 M NaCl-10 mM Na 
acetate, pH 5, over a column of Sephadex-SP50 overlying Chelex- 

100, developed with the same buffer. 








transcript (CDNA) on a template of poly(A)-containing 

mRNA*-®, By annealing this with an excess of the RNA 

template, we can determine the Rot (product of initial 

- RNA concentration and annealing time) at which the 

~ cDNA transcript hybridises completely. The same Rot will 

be sufficient to obtain hybridisation of all the DNA com- 

plementary to MRNA when an excess of unlabelled mRNA 

is annealed with labelled single-copy DNA. Thus, in prin- 
ciple, the answer obtained should be a definitive one. 

The availability of cDNA offers a second important ad- 
vantage in that the kinetics of hybridisation between cDNA 
and an excess of unlabelled mRNA are dependent on the 

= sequence complexity of the mRNA", By comparison 
-= with a suitable kinetic standard it should be possible to 

“esti ate. the complexity of the mRNA in favourable cases. 
‘this is so, we have available two independent esti- 
of mRNA sequence complexity. If they agree, con- 
p in the estimates will be greatly strengthened. 









epar u ~ of HeLa cell mRNA 


The mRNA was prepared by extracting the total cyto- 
plasm of cells lysed with 1% NP-40. Thus, both free and 
o membrane-bound polyribosomes contributed their mRNA 
= populations, together with- any mRNA present in the 
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postribosomal fraction. Poly(A)-containing RNA was pre- 
pared using oligo(dT)-cellulose*. The evidence at present 
available” indicates that most MRNA contains poly(A). 
The great advantage of using this method is that it provides 
a defined, reproducible fraction of the total cellular RNA 
which is predominantly mRNA. Nevertheless, such, prepara- 
tions contain some 18S and 28S rRNA (Fig. 1). To 
accommodate this problem, we titrated each MRNA prep- 
aration with radioactive poly(U)"". Two preparations 
of HeLa cell mRNA (containing rRNA) bound 8.4% and 
8.6% by weight of poly(U). If we take the number-average 
molecular weight of the mRNA to be 640,000 (2,000 
nucleotides) and the average length of the poly(A) to 
be 150 nucleotides? the amount of poly(U) bound should 
be 7.5% by weight (the ribonuclease-resistant complex 
formed between poly(A) and pgly(U) is a 1:1 complex”). 
In practice, we assumed a 10% by weight binding in cal- 
culating the mRNA concentration. Minor adjustments are 
made in the subsequent calculations. 

The number-average molecular weight of the mRNA 
was estimated by annealing sucrose gradient fractions with 
radioactive poly(U) (Fig. 1). Assuming that poly(A) size is 
the same irrespective of the size of the mRNA, the number- 
average molecular weight is readily calculated to be close 
to 640,000. 


Molecular hybridisation 


Total HeLa cell mRNA proved to be as efficient as 
haemoglobin mRNA as a template for cDNA synthesis by 
avian myeloblastosis virus reverse transcriptase. The re- 
action was completely dependent upon priming by (pT) 
suggesting that synthesis starts at the 3’ ends of the MRNA 
molecules within the, poly(A) sequence’? ”, 

In vast DNA excess hybridisation experiments, labelled 
HeLa cell mRNA shows a prominent repetitive compon- 
ent (A. Spradling, S. Penman, S. Campo and J. O. Bishop, 
manuscript in preparation). To estimate the proportion of 
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repetitive sequences in the cDNA, it was annealed with an 
excess of unlabelled HeLa cell DNA. Highly labelled non- 
repetitive HeLa cell DNA was also annealed with un- 
labelled DNA to provide a comparison (Fig. 2). The non- 
repetitive cellular DNA behaved as though completely 
unique, with a Cots of close to 10° mol s 1. The cDNA 
showed evidence of a 10% repetitive component. The Cor4 
of the second, major cDNA transition is also close to 10° 
mol s I>. 

The hybridisation of the cDNA with an excess of 
mRNA (template) is shown in Figs 3 and 4. Figure 3 shows 
a linear-log plot of the data. Three transitions are seen, 
with midpoints (Rat}, mol s 11), of 0.05, 0.9 and 45, That 
these are real is shown more clearly in Fig. 4. The 
linear-log plot tends to obscure the inflections between 
transitions which are more easily seen in straightforward 
linear plots. Three of these are needed to cover adequately 
the range of Fig. 3. Figure 4a shows the first inflection 
clearly, Fig. 4b shows both, and Fig. 4c shows the second 
clearly. Note the differences in the scale of the three 
abscissae of Fig. 4. 


Nuclease resistance (",) 





Fig. 2 Renaturation experiments with an excess of unlabelled 
HeLa cell DNA. The labelled species were (@) nonrepetitive 
HeLa cell DNA; (©) cDNA prepared against total cytoplasmic 
poly(A)-containing RNA; and (A) the fraction of nonrepetitive 
HeLa cell DNA which hybridises with mRNA at a Rot of 350. 
cDNA was synthesised using as template mRNA Prepared as 
described in Fig, | (ref. 28, except that the reverse transcriptase 
was purified through CM-Sephadex®® and the substrate was 
°H-dCTP (13.3 Ci mmol~)). HeLa cell DNA was purified as 
described®, sheared at 50,000 p.s.i. in a Sorvall French Press at 
10°-15° C in 0.3 M NaCl-10mM Na acetate, pH 5, and passed 
over a Sephadex-SP-50-Chelex-100 column developed with the 
same buffer. DNA prepared in this way is 300-400 nucleotides 
long. Labelled DNA (2.4 x 105 cpm ug“) was prepared in the 
same way from cells labelled with 9H-thymidine. Nonrepetitive 
a ca ea i by ee 10 a Cot of 10 mols 1~ and 
isolaung the fraction eluting from hydroxyapatite between 
0.12 M and 0.4 M PB (equimolar Na-phosphute buffer) at 65° C. 
DNA renaturation was carried out as described?!, but using 
0.24 M PEB {equimolar Na-phosphate buffer containing | mM 
EDTA) at 70° C. Samples were diluted to a final DNA concen- 
tration of 250-300 ug mi~? and divided inte two aliquots, one of 
which was treated at 50° C for 40 min with nuclease S, (ref, 32) 
in a solution with the final composition: 48 mM PEB, 0.2 mM 
EDTA, 20 mM NaCl, 30mM Na acetate, pH 4.5,0.6mM ZnSO,, 
0.052 N acetic acid. 
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Fig. 3 Hybridisation between cDNA and its mRNA template.. 
Three experiments are shown, two (©) performed with mRNA- 
from cells in spinner culture, one (@) with mRNA from a mono- 

layer culture grown in burlers. In all, five reaction mixtures were 
used, containing 38, 43 and 295 pg ml~?(©) and 20 and 210 pg ml> 
(@) of MRNA, assuming a 10% poly-(A) content. Samples were 
annealed at 70° C in 0.24M PEB and challenged with nuclease 
Slin the presence of 300 ppg mI — of denatured duck DNA (Fig. 2). 

The continuous line was drawn using the relationship o 


(d/ Do) = ]— L PnjekntPnRo 


where Do and d represent respectively the initial amount of DNA 
and the amount duplexed at time z (s) and Ry the amount of 
mRNA present (all in mol 1>). The subscript n denotes the 
transition (1st, 2nd or 3rd). In each transition, P denotes the 
proportion of the cDNA represented, and k the rate constant of 
DNA-RNA hybridisation (1 mol s~4), given by k = 0.69/Rolije 
(ref. 33). The values taken for the first, second and third transi- 
tions were: P, 0.22, 0.28, 0.50; k, 62.7, 2.74, 0.307. 


The interpretation of the hybridisation data depends on 
the availability of a suitable standard. This is provided 
by the work of N. D. Hastie, M. G. Ferace, K. B. Free- 
man and J. O. Bishop (unpublished). The Rot} of the trans- 
ition observed when an excess of rabbit haemoglobin 
a-chain mRNA is annealed with homologous cDNA is 
3xX107* mol s M! When total («+ 8) haemoglobin mRNA 
is annealed with homologous cDNA, the Rot} is 6X10% 
Since the molecular weight of haemoglobin 
mRNA is about 200,000 (refs 34, 35) we take 9x107* 
mol s I`? to be the Rot} of an RNA with a molecular weight 
of 6X 10°. 

The data which can be extracted from Fig. 3 are shown 
in Table 1. The propartion of the cDNA which reacts 
in each of the three transitions is shown in the first 
column, and the observed Rott of each in the second. The 


line shown in Fig. 3 was drawn by summating three ideal er 


first order reactions calculated according to these character- 
istics. ‘The good fit of the line to the data indicates that 
it is reasonable to interpret each of the transitions as an 











three distinct fractions: 


: Table 1. ‘Numerical analysis of t the data shown. in Figs. 3 and 40 
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No. of 640, 000 dalton sequences Molecules of 


. Rofin Rot 2o each sequence 
P (observed) (if pure) If 90% saturation If 100% saturation per cell 
I 0.22 0.05 0,015 17 15 8,000 
2 0.28 0.90 0.335 370 330 440 
3 0.50 45 29.9 33,000 36,250 8 


For the definition of P see Fig. 3. 


ideal pseudo-first-order reaction. (The reaction is pseudo- 
first- rather than second-order because the RNA is in great 
excess over the cDNA). If the RNA responsible for any 
one transition were present on its own, thus contributing 
all of the RNA used in calculating Ror, the Ror of its 
transition would be lower. The values of Ror} have also been 
. corrected. for the 7.5% poly(A) content of MRNA (Table 1, 
column 3). The nee of sequences of average molecular 
weight 640,000 required to generate the three transitions are 
Obtained by dividing the corrected Ror} values by 9x 107° 


~ (Table i, column 4). Interpreting Table 1, we would say that 
~~ HeLa cell poly(A)-containing cytoplasmic RNA contains 
22% of the RNA comprises only- 


17 different sequences, 28% comprises 370, and 50% com- 
prises 33,000 different sequences, a total of close to 35,000 
sequences. Some qualification is necessary because of the 
small amount of repetitive sequence found in the cDNA 
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Nuclease resistance 


30 
Rat 
Fig. 4 * near plots of hybridisation between cDNA and its 
mRNA template. The data are the same as for the linear-log plot 
shown in Fig. 3, Dotted lines indicate inflections between 
- transitions. 


(Fig. 2) which may contribute disproportionately to the first 
or second of the transitions seen in Fig. 3. This could affect 
the absolute value in one case by a factor of 1/3 at the very 
most. 

These numbers were derived by assuming that no more 
than 90% of the cDNA can form hybrids, as they are 
measured here. This is true for cDNA prepared against 
haemoglobin mRNA, where it can be convincingly demon- 
strated. If the theoretical upper limit were 100%, the num- 
bers would not change greatly (Table 1, column 5). Of 
course, in the case of any of the transitions, the number- 
average molecular weight of the RNA molecules need 
not be exactly 640,000. If so, the calculations would require 
some adjustment. 

The data can also be used to calculate the numbers of 
copies per cell for RNA sequences of each class. By analogy 
with complex DNA renaturation patterns’ we see that 
these depend on the observed Riot} but not upon either 
RNA molecular weight or the percentage of the total 
reaction which each transition occupies. Taking 10° HeLa 
cells to contain 12.5 ug of RNA of which 5% is poly(A)- 
containing mRNA, the number of copies per cell equals 
400 (observed Rott). Thus (Table 1, column 6) there, 
are on average 8,000 RNA copies per cell in the highest 
frequency class, and about 9 copies per cell in the lowest. 

A total of 35,000 RNA sequences of average molecular 
weight 640,000 represents a total B complexity of 
2.2x10'° daltons. Approximately 20% of the HeLa cell 
mRNA (prepared in the same way) is repetitive (A. Sprad- 
ling, S. Penman, M. S. Campo an J. O. Bishop, manu- 
script in preparation). Accordingly, the overall complexity 
of the non-repetitive sequences in the MRNA is about 
1.810 daltons. The analytical complexity of mammalian 
DNA is 1.810" daltons, and of this about 70% or 
13x10" daltons is non-repetitive. Thus, the cDNA 
hybridisation kinetic data predict that 1.4% of ‘single-copy’ 
HeLa cell DNA is complementary to our MRNA prepara- 
tion. 

Sheared, purified single-copy DNA, highly labelled with 
‘H-thymidine, was annealed with enriched mRNA and 
the double-stranded fraction, containing both DNA-RNA 
hybrid and DNA duplex, was isolated using hydroxyapatite 
(HAP). This fraction was dialysed against a low-salt buffer, 
digested exhaustively with ribonuclease and again fraction- 
ated on HAP. This moves the DNA which was hybridised 
with RNA into the single-strand fraction, while leaving 
duplexed DNA in the double-strand fraction”. The results 
of two such experiments are shown in Table 2. The average 
of these is 1.05%, in good agreement with prediction. In 
one experiment the single-copy DNA complementary to 
mRNA was recovered from the second HAP column 
and annealed with an excess of unlabelled Hela cell DNA. 
Although it failed to renature completely, presumably due 
to degradation during the very extensive handling it ex- 
perienced, this fraction clearly did not contain repetitive 
DNA sequences (Fig. 2). 


Number of mRNA species in HeLa cells 


One source of uncertainty which remains is the possibility 
that different mRNA species are not equally transcribed 
by reverse transcriptase. This is not, however, so serious - 
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as might be thought at first sight. Provided that the three 
frequency classes were transcribed with similar efficiency, 
even though that ficiency were low, the Rot} values would 
e ect, since they depend on the overall 
mRNA concentration. If an entire frequency class of 
mRNA molecules were not transcribed, and if this were 
the lowest frequen y class (in terms of mRNA molecules 
per cell) the cDNA ‘data would be misleading. This possi- 
bility is, however, extremely unlikely. A dower frequency 
class of RNA molecules which formed a significant pro- 
portion of the total would necessarily be complementary 
to a large part of the single-copy DNA. The good agree- 
ment between the kinetic data and the DNA saturation 
experiments virtually excludes the possibility that such a 
fraction exists. 

Recently, Grady and Campbell” found that 8.5% of 
mouse single-copy DNA would form duplexes with total 
RNA from a mouse cell line, while 15% formed duplexes 
with RNA from the same line transformed with polyoma. 
Using a double-reciprocal method to extrapolate the re- 
actions to completion, they estimated that the respective 
RNA preparations were complementary to about 20% 
and 30% of the single-copy DNA. If most of the complexity 
of total cellular RNA is due to HnRNA, the difference be- 
tween their values and ours is compatible with current 
ideas on the processing of HnRNA®*®. 

We cannot be sure that all of the poly(A)-containing 
sequences we have studied are in fact mRNA sequences, 
although the literature on the subject points strongly in 
this direction. Assuming that they are, the number 35,000 
is much greater than the number of ‘genes’ estimated 
by genetic means to be present in the genome of Drosophila 
(for example refs 39-41) and on the same order as the 
number of protein-encoding sequences estimated by Ohta 
and Kimura® to be present in the human genome. As far 
as the human situation is concerned, we may consider 
three alternative possibilities. (1) Hela cells may be com- 
pletely or almost completely derepressed, expressing most 
of the potential of the human genome. (2) The total poten- 
tial of the genome may be much greater than suspected, 
and Helsa cells express only a minor part of it. (3) Human 
cells have a large number of common functions, and 
differences between them are determined by relatively few 
mRNA species: HeLa cells therefore contain the common 
sequences as a large proportion of their total mRNA 
population. The answer to these questions will no doubt 
come from further work of a similar nature with HnRNA 
and mRNA from cell lines and from tissues. 

The different frequency classes of mRNA offer interest- 
ing grounds for speculation. In this laboratory, M. S. 
Campo has obtained evidence which strongly suggests that 
a small proportion of rat myoblast mRNA contains a high 
proportion of repetitive sequences. Some of the mRNA 
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Table 2 Complementarity between nonrepetitive HeLa cell DNA 
and enriched mRNA 
a ree 

Percentage of total DNA recovered 















Duplex Single-strand 
fraction _ fraction 
Rot Cot ( First (Second 
Exp. (mRNA) (DNA) fractionation) fractionation) 
I 335 8 4.5 1.2 
2 360 8 5.2 0.9 
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Nonrepetitive HeLa cell DNA was prepared by annealing highly 
labelled (150,000 c.p.m. ug ~) sheared DNA to a Cot of 10 mol s 1“ 
and fractionating by means of hydroxyapatite (HAP)**. Aliquots 
were annealed with mRNA at 70° C in 0.24 M PER diluted to 
0.02 M PB and adsorbed to HAP. The duplex fraction was eluted 
between 0.12 and 0.4 M PB. This was diabysed exhaustively against 
10 mM tris, pH 7.5, and then digested for 2 h at 37° C with 20 ug mi-i 
of RNase. The sample was then adjusted to 0.02 M PB and the 
fractionation was repeated. The single-stranded fraction was eluted 
between 0.02 and 0.12 M PB. 












in the higher abundance (molecules per cell) classes mii 
therefore be transcribed from repetitive genes, comparable 
to histone genes**. In HeLa cells, two mRNA populat 
with different half lives have been described*. The 
abundant classes of mRNA discovered here may belong 
to the longer-lived class of mRNA. Lastly, as to func 
tion, there are obvious candidates in the protein structure 
of the cell for more abundant mRNA species, such as- 
actin, 
amounts in exponentially growing cells, and therefore are 


very probably synthesised from relatively abundant species oe 


of mRNA. 


This work was supported by grants from the Cancer. — 
Research Campaign and the Science Research Council. We- oe 
thank Dr J. W. Beard, Duke University, Durham, NG, ee 


for supplying us with avian myeloblastosis virus. 


By applying the same techniques to a Drosophila nielano. x — 
gaster cell line (Schneider line 3) we find that it contains —__ 
a much smaller number of cytoplasmic poly(A)-containing _ . 


RNA sequences, of the order of 4,000 (M. Panne and c 
J. O. Bishop, unpublished experiments). 
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Ultraviolet spectra of Capella 


In December 1973, during observations from the space 
observatory Orion 2 on Soyuz 13, three spectrograms of 
Capella (© Aur, GO HI, my=0.2) were obtained in the 
wavelength region 2,000-3,000 A. The spectrograms were 
made by a wide-angle meniscus telescope of the Cassesgrain 
system, with an aperture diameter of 240 mm, an equivalent 
focal length of 1,000 mm, and a 4-grade quartz prism 
objective. The dispersion of the spectrograph was 170, 
280 and 550 A mmt, at wavelengths of 2,000, 2,500 and 
3,000 A, respectively. 

Spectrograms of the Capella were obtained from ex- 
posure times of 15 s (film F-19), 1.5 min (F-20), and 
18 min (F~-21) (Fig. 1). Even the spectrogram with an 





Fig. 1 Microphotometric records of the three ultraviolet spectro- 
pam: a, 15s (F-19 film); b, 1.5 min (F-20 film); c, 18 min (F-21 
n). All wavelengths identified in Table 1. 1-10 as in Table 2. 


exposure time of 15 s at wavelengths of 2,700-5,000 A was 
overexposed. Increasing the exposure time resulted in an 
extension of the photographic background on the film at 
the expense of faint stars. This accounts for a regular 
diminution of the mean photometric amplitude between 
the background of the film and the darkness, passing 
from the F-19 record over to the F-21 record. 

At spectral resolutions of 8, 14 and 28 A at wavelengths 
of 2,000, 2,500, and 3,000 A, respectively, the Orion 2 
spectrograms were originally to be used only for a study 
of the continuous spectra of stars. Often the quality of the 
spectrograms, however, proved so satisfactory that’ stronger 


Table 1 Ultraviolet absorption lines in the spectra of Capella 
Observed Proposed identification 
length (A) 
2,852 2,851.6 Mgi 2,852.2Mgl 2,851.8 Fel 
2,800 2,795.5 Mgll 2,802.7 Mell 
2,570 2,570.8 Fell = 2,571.0 Till 
2,470 2,470.7 Fell 
2,365 2,364.8 Fel Moll Nill 
2,315 2,316.0 Nill 2,316.0 TH 2,315.6 Moll 
2,285 2,286.2 Coll 2,284.1 Fell 2,284.8 Coli 
2,270 2,270.2 Nil 
2,250 2,251.2 SnI Fell TH 
PROX 2,236.3 Cul Moll Fell 
2,180 2,180.5 Nill 
2,150 2,148.7 Sni 2,152.2Snll Fel 


absorption lines or bands could be distinguished. This 
was the case with the spectrograms of Capella. 

The continuous spectrum of Capella extends to about 
2.100 A (Fig. 1). In the interval 2,850-2,150 A, nearly 
10 absorption lines (bands) can be distinguished with 
certainty (Fig. 1, and Table 1). Strictly speaking, each of 
these ‘lines’ is a band resulting from the blending of con- 
tiguous absorption lines. There is some doubt about 
the reality of line 2,150 A, although it occurs with enough 
certainty, simultaneously on F-19 and F-20 film. 

Moreover, about 16 absorption lines can be marked out 
less confidently (Fig. 1 and Table 2). In fact, however, the 
true number of measurable absorption lines exceeds those 
indicated in both Tables, especially in the region shorter 






Table 2 Ulu 





Proposed 
in Fig. | Jyooss identification 
l < TIH Fell 
z Fell Nill 
3 = Fel 
4 :> Fel Nil 
5 Fel 
6 ve rel Mgl Till 
7 Ni Moll Fell 
8 Fell Moll 
9 Moll Mol Cull 
10 





Fell Nill 






than 2,300 A. In. 
distinctly visible in all three spectrograms (although using 
F-21 film) at wavelengths shorter than 2,250 A, the short- 
wave tail is veiled by diffuse light and by the field from 
Capella itself. 


The final location of such lines, however, must await — 


a more thorough examination. 

At the wavelengths under consideration (2,800-2,150 A) 
the absorption lines in the spectrum of Capella pertain 
largely to the neutral metals and their ions, which have 
ionisation potentials of less than 8 eV, These are: Fell, 
Nill, Cull, Mgll, Till, Soli, Si, Moll, MnII, and so on. 

The ‘elevation’ in the continuous spectrum at 2,350- 
2,430 A, is clearly seen on F-20 film, less clearly seen on 
F-21 film and only partly seen on F-19 film (Fig. 1). It is 
unlikely that the elevation results from a blending of 
the emission lines; rather, it simply forms part of the 


continuous spectrum. This must lead to the conclusion- 


that there is a large zone of depression on both sides of 
the elevation, extending to nearly 2,700 A from the long- 
wave side, and to 2,100 A from the shortwave side. Future 
observations will show whether this conclusion is correct. 
A more detailed analysis of the spectrograms will be 
discussed elsewhere. © 
I thank R. Kh. Ohanessyan for help in taking the 
microphotometric records. 
| i G. A. GURZADYAN 
Garny Space Astronomy Laboratory, 
Erevan 65, 
Str, Sysakyan 2, 
USSR 
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Faraday rotation studies in Africa 
during the solar eclipse of June 30, 1973 


Four stations were set up in southern and eastern Africa 
(Table 1) to observe variations of total electron content 
during the eclipse of the Sun on June 30, 1973. Each 
station was equipped with a conventional Faraday rotation 
recording system consisting of a receiver and a mechani- 
cally rotating aerial. We recorded the amplitude fading of 
the 137 MHz signals from the geostationary satellite, Intelsat 
HF3, located at approximately 14°W. The four stations 
were operating for a total period of 10 d, including June 
30, the day of the eclipse. 

Chimonas and Hines’ first suggested that internal atmos- 
pheric gravity waves should be generated as a result of the 
Moon’s shadow travelling with superŝonic speed during an 
eclipse of the Sun. In the case of the solar eclipse of 
March 7, 1970 they suggested that the magnitude of the 
pressure perturbation would be as much as 10% at an 
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tions of 1.5% in total electron content on signals f 
geostationary satellites, which they tentatively ass 
with the eclipse. Other workers’* also observed ionos 
disturbances at times approximately appropriate for 
generation. Frost and Clark’ conclude that there Bt 
sufficient evidence to associate the observations po: 
with the eclipse. Beer and May* computed the + 
paths of bow waves generated by the solar eclipse. 
30, 1973 and concluded that the waves would. coi 
focus in southern Africa. It had been estima: 
the region associated with this focusing, th 
amplitude should be at least 10 times greater 
California in 1970. ee aa 
During the 1970 eclipse the directions of the bow waves, 
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Fig. 2 The raw data after filtering to remove long period 
changes in the total electron content, The filtered data are 
shown for a band pass of 5-45 min. 


with respect to the local magnetic fields and the radio 
signal paths, were not so favourable for the observation of 
travelling ionospheric disturbances induced by the eclipse 
as in 1973. The greater ionospheric coupling in 1973, and 
the long duration of the eclipse, encouraged expectations 
of perturbations of the total electron content of at least 
15%. 

The positions of the ionospheric points have been 
calculated for an ionospheric height of 350 km. The 
Faraday rotation records were read at intervals of 1 min. 
Totality in East Africa occurred at about 1300 ur, and the 
estimated time of arrival of the bow wave? near Grahams- 
town was 1500-1700 ur. The expected perturbation of some 
15% in the total electron content at Grahamstown could 
easily have been recorded. The observations, however, 
show no fluctuations identifiable with the eclipse at any of 
the four stations (Fig. 1). These results agree with the 
observations of Schédel er al.’. 

The raw data have been filtered to reduce noise and to 
remove the long period changes (mainly diurnal) in the 
total electron content (Fig. 2). The results show that 
travelling ionospheric disturbances with amplitudes of 3% 
were frequent at Grahamstown; there was, however, no 
way of associating perturbations on the records with the 
eclipse at any of the four stations. We conclude that if there 
were any travelling ionospheric disturbances, induced by the 
eclipse, they produced variations of less than 1% in the total 
electron content. Thus, it seems that the disturbances were 
very much smaller than had been anticipated. 

The failure to observe eclipse induced fluctuations of 
the total electron content under such apparently favourable 
conditions must raise doubts about the validity of the 
theories which predict them, and about the interpretation 
of previous observations. In this connection, we draw 
attention to the suggestion of Beer®** concerning the 
production of travelling ionospheric disturbances by the 
terminator travelling at supersonic speed, Titheridge’ rarely 
observed travelling ionospheric disturbances associated with 
sunrise and sunset. 

The times of maximum eclipse and of the beginning 
and end of the eclipse have been computed by the Nautical 
Almanac Office for a height of 350 km at the tonospheric 
points corresponding to the stations at Nairobi, Dar es 
Salaam and Blantyre. The time delay between the local 
maximum of the eclipse and the Dac ak minimum in 
the electron content was about 5 min at Nairobi—much 
shorter than expected. At Dar es Salaam and Blantyre it 
was around 20 min, which agrees with earlier observations 
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elsewhere. Klobuchar et al. also observed a delay of only 
5 min between the minimum in the electron content and 
the local time of maximum solar observation at Akjoujt 
(20.1°N, 14.0°W) during the 1973 eclipse. Nairobi and 
Akjoujt are situated at about 10° on either side of the 
geometric dip equator in Africa. 

We thank Mr F. Gardiner for help with the arrange- 
ments at the Physics Department, University of Dar es 
Salaam, Professors A. K. Som and E. E. Baart in the 
Physics Departments of the Universities of Malawi and 
Rhodes, respectively, for their assistance, and Mr F. J. 
Watson of the Royal Greenwich Observatory for the 
computation of the eclipse times. The experiment was 
assisted by a United States Air Force grant, and by a grant 
from the Royal Society. 
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Liquid immiscibility between 
silicate and carbonate melts in 
naturally occuring ijolite magma 


Portions of the fluids and melts responsible for the 
crystallisation of rocks and minerals may be trapped and 
preserved as small inclusions within a crystal, providing 
much information about the physical and chemical con- 
ditions prevailing during crystallisation’ 

Studies of inclusions in apatites from some East African 
carbonatites and ijolites? reveal that carbonate-rich and 
silicate-rich melts can coexist as immiscible fractions in 
naturally occurring ijolite magmas. The apatites come from 
ijolite pegmatites collected from two localities within the 
Usaki complex of West Kenya‘. The distinction between 
primary inclusions (those formed during the actual growth 
of the crystal) and secondary inclusions (those formed after 
growth has terminated) was immediately apparent since the 
primary inclusions characteristically occur as long (up to 
150 wm) tubular cavities parallel with the c axis of the 
apatite crystal. Onl#? rarely were small, curved planes of 
minute (<10 um) secondary inclusions observed. 

Four different primary inclusion types were recognised 
in the apatites from ijolite pegmatite (U366); 
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Fig. 1 Large, tubular, multisolid, carbonate-rich inclusion 

(type A) in apatite from ijolite U366. Most of the colourless, 

crystalline material within the inclusion exhibit high order 

interference colours. On the right of the inclusion. several 

small, black, magnetic, crystalline phases are apparent. 
Bar=20 yum. 


(1) Silicate melt inclusions consisting of minute, crystalline 
specks in a glassy matrix (n ~ 1.55) but no vapour 
bubble. 

(2) Carbonate-rich melt inclusions which consist of at least 
60% anisotropic, colourless, crystalline material (Fig. 
1) and usually a small amount of aqueous fluid and 
vapour. This colourless material reacted instantly, dis- 
solving with rapid effervescence, when the inclusions 
were opened in dilute, acidified (HCI) glycerol on a 
microscope crushing stage of the type described by 
Roedder’. Most of this material. however, remained 
insoluble in pure deionised water. This behaviour in 
acid media and the high order interference colours of 
these crystals indicate that they are carbonate-bearing 
minerals. Small crystals of a black, opaque, magnetic 
ore mineral are also commonly present, 

(3) Nahcolite-bearing inclusions which represent a trapped 
aqueous fluid phase. These inclusions contain variable 
amounts of Nahcolite (NaHCOs, ref. 6) aqueous fluid, 
and a CQO,-rich vapour bubble. 

(4) Gaseous inclusions representative of a vapour phase. 
These consist almost entirely of highly compressed 
(sometimes liquefied) carbon dioxide. 

In many instances, all four inclusion types occur side by 
side in the same apatite crystal, Since they are primary’, 
they represent low temperature equivalents of the trapped 
portions of phases present in the ijolite magma during the 
crystallisation of the apatit&s, 

The apatites from ijolite pegmatite (U1256) also contain 


s 


Fig. 3 The behaviour of the contents of a complex, multi- 
solid carbonate-rich /silicate melt inclusions on heating (type 
B from U1256). Bas=20 um. a, At 23° C, the inclusion as 
seen at room temperature. Note the presence of a large 
vapour bubble (V); b, At 565° C, melting of the carbonate 
phase begins; c, At 890° C, all the carbonates have melted 
to a colourless liquid. Small globules of a clear green liquid 
(one of which is arrawed) have also formed from the 





Fig. 2 Complex carbonate-rich/silicat® melt inclusion in dark silicate minerals. Thus, two immiscible liquids are 
wpatite from ijolite U1256. This inclusion shows a dark, present in the inclusion at this temperature: d, At 960° G 
central patch of brown, green and black crystalline phases; complete homogenisation of the carbonate-rich melt and 
predominantly silicate minerals (silic.). The colourless solids Silicate melt has taken place. The vapour bubble, although 


are principally carbonate-bearing phases (carb.). Bar=20 pm. somewhat smaller in volume, still remains. 
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silicate inclusions (glassy matrix, n ~ 1.56) and carbonate- 
rich inclusions, but very few of the aqueous, nahcolite- 
bearing or gaseous inclusion-types. A further type has, 
however, been recognised in this sample (Fig. 2). These 
inclusions are intermediate between carbonate melt in- 
clusions and silicate melt inclusions, and consist of various 
proportions of both silicate and carbonate-rich material. 
Whereas the individual silicate inclusions and carbonate 
inclusions represent the separate trapped portions of two 
distinctly different melts, the complex silico-carbonate in- 
clusions result from the simultaneous entrapping of a 
portion of carbonate-rich melt and silicate-rich melt. This 
demonstrates that these two melts coexisted in the ijolite 
magma as separate phases at the time the apatites crystal- 
lised. Heating studies were made on the inclusions using a 
Leitz 1350 microscope heating stage. The details will be 
published elsewhere but it is interesting to note the 
behaviour of the complex silicate /carbonate-rich melt in- 
clusions as they are heated and cooled. Two immiscible 
liquids were observed at elevated temperatures (Fig. 3c). 

When simple carbonate-rich melt inclusions (here called 
type A) from both samples were heated (U366 and 
U1256), their crystalline, carbonate-bearing mineral 
phases began to melt at about 500° C and were almost 
entirely molten at temperatures between 640° and 750° C. 
At these temperatures, only a small amount of solid 
material. including the small, black, opaque, magnetic, 
crystalline speck, remained together with a small vapour 
bubble. These phases usually dissolved in the melt at higher 
temperatures. On cooling, the inclusion contents recrystal- 
lised completely and even rapid cooling failed to produce a 
glass. When the complex silico-carbonate-rich inclusions 
from U1256 were heated (Fig. 3), however, the colourless, 
carbonate-rich fraction melted at temperatures between 
575° and 640° C but the silicate fraction, seen as small 
optically isotropic and anisotropic, green, brown and black 
patches within the inclusion, did not dissolve completely in 
the resulting melt. Instead, they melted independently to 
form pale green coloured globules at temperatures between 
820° and 900° C. Where these globules occupied up to 20% 
of the total volume of the inclusions (type B), they gradu- 
ally dissolved in the carbonate-rich melt at temperatures 
ranging from about 950° C up to 1.100° C. But in those 
instances where the globules occupied a volume greater 
than about 20% (type C), they still remained, coexisting 
with the carbonate-rich melt, even at 1,100° C (the maxi- 
mum temperature attainable on the apparatus). 

When inclusions of type B were cooled from the tem- 
perature at which the two melts had become miscible, the 
molten contents separated into two distinct immiscible 
liquid phases; green silicate globules and a carbonate-rich 
melt (Fig. 4). Continued cooling caused a small portion of 
the silicate globules to crystallise but most quenched to a 
pale green-coloured, isotropic glass. The colourless, car- 
honate-rich melt crystallised at temperatures between about 
575° and 500° C. 

Cooling of inclusions of type C gave similar results and 
some of the silicate globules were seen to coalesce into 
larger globules which subsequently quenched to a glass. 

Heating studies on simple silicate melt inclusions were 
generally unsuccessful owing to leakage. When two small 
inclusions were heated to 950° C, then cooled, their con- 
tents were, however, seen under oil immersion to have 
quenched to the same pale green-coloured, isotropic glass 
as the green globules in the complex inclusions. 

The exact composition of the two immiscible melts is 
unknown, but one is certainly a silicate-rich melt and the 
other carbonate-rich. Other phases such as CO, vapour 
and an aqueous, saline, carbonate-bearing fluid (seen as 
nahcolite-bearing aqueous inclusions) coexisted with these 
two melts in the ijolite magma. 

Several authors’~* have suggested that immiscibility may 
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Fig. 4 The behaviour of the contents of the inclusion 
shown in Fig. 3d, as it is cooled from 960° C. Bar=20pum. 
a. At 950° C, initial separation (unmixing) of the homo- 
geneous melt takes place. Silicate melt globules (one of 
which is arrowed) form, leaving a predominantly carbonate- 
rich melt: bh, At 910° C, the silicate globules grow in size 
and unmixing of tRe two melts is almost complete; c, At 
805° C. some of the silicate globules have coalesced, others 
begin to crystallise; d, At 575° C. the onset of crystallisation 
of the carbonate-rich melt (arrowed). The silicate globules 
have already crystallised or quenced to a glass. 
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be an important process in the derivation of carbonatitic 
fluids from parent carbonated silicate magmas. Experi- 
mental studies by Koster van Groos and Wyllie- on 
CaO-—Na,O-A1,0-—SiO.— 


selected joins in the system 
CO+H:O at higher temperatures have confirmed the 
existence of immiscibility between carbonate-rich and 


Silicate-rich melts in soda-rich synthetic systems, though 
it does not appear in more lime-rich systems’. Since the 
inclusions studied here represent trapped portions of a 
natural magmatic system, it is evident that immiscibility 
between carbonate-rich melts or fluids, and silicate melts 
can take place in natural ijolitic magmas. These data may 
be interpreted to show two different possible relationships 
between carbonatitic and ijolitic melts. First, a parental 
ijolite magma can, by immiscibility differentiation, produce 
carbonatite and silicate (?nepheline—syenite) partner mag- 
mas; or second, a hyperalkaline silicate parent magma can 
produce immiscible carbonatite and ijolite partner magmas, 
The former provides the simplest solution but we believe 
the field evidence indicates the latter. 

We thank the Natural Environment Research Council, 
Professor G. R. Davis and Drs C. Halls and A. A. Mills 
for assistance. 
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Kaersutite is 2 possible source 
of alkali olivine basalts 


STUDIES into the origin of basaltic magmas have led to the 
belief that the upper mantle contains a hydrous phase, either 
phlogopite or amphibole, as a source of water and potassium!’, 
Here we present data concerning the role of kaersutite, a 
possible upper mantle phase, in the genesis of alkali basalts. 
Specifically, we have observed the melting of kaersutite within 
ultramafic nodules from La Palma. Both the kaersutite and the 
glass produced through melting show strong compositional 
similarities to members of the alkali ofivine basalt series. The 
observed relationships strongly indicate that alkali basalts may 
be derived from a melting event in which kaersutite is the 
principal participant. 
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Fig. 1 Transmitted light photograph ( x 96) of glass—kaersutite 

contacts from nodule 1718, Volcan de Tenequia. Kaersutite show- 

ing rounded margins is on the left, clinopyroxene is on the 

right. The glass contains a few microlites and minor olivine. 
The white areas are gas vesicles. 


Nodules containing kaersutite, from the Volcan de Tenequia 
eruption of 1971, were collected on the southern tip of La Palma, 
Canary Islands. The wehrlite nodules are seldom greater than 
10 cm in the largest dimension, are generally ovoid in shape, and 
consist of olivine (Fo,,), clinopyroxene, opaques and kaersutite. 
The most notable feature of the nodules is the presence of glass 
in amounts of 1-5% in several of the nodules. The glass is 
invariably associated with kaersutite and is highly vesiculated. 
Petrographic examinations show that the glass is not con- 
tamination from associated lavas. The glass—kaersutite relation- 
ships are shown in Figs 1 and 2. Melting of kaersutite is 
indicated clearly by both the rounded edges of the amphibole 
(Fig. 1) and the cuspate shape of kaersutite margins in contact 
with the glass (Fig. 2). Occasionally, glass is present along 
olivine—kaersutite margins. Clinopyroxene shows no evidence 
of involvement in the melting event. Olivine (FOs) and very 
small amounts of clinopyroxene have crystallised from the melt, 
and are clearly distinguishable from the cumulate phases, both 
in composition and appearance (Fig. 2). The melting seems to 
be congruent. 

Compositions of kaersutite and glass were determined by 
microprobe analysis of two separate nodules (Table 1). Com- 
pared with kaersutite, the glass is enriched in alkalis and 
alumina, is slightly enriched in silica, and is strongly depleted 
in magnesia. Iron, titanium, and calcium values are comparable. 
The compositional differences can only be attributed to the 
crystallisation of olivine and pyroxene from the melt. 

We propose that the melting relationships shown here repre- 
sent a model for the production of alkali basaltic magma 
through the melting of kaersutitic amphibole at depth. An 
important factor in this proposal is the striking similarity in 
compositions between kaersutites and alkali basalts. This is 
particularly true when comparing kaersutites to ankaramitic 





Fig. 2 Transmitted light photograph ( 

with a cuspate shaped margin in contact with glass. A large 

olivine crystal with a glass inclusion at its centre is at the left. 

The small equant grains are clinopyroxene. The white area 
(lower right) is a gas vesicle. 


<96) of kaersutite (top), 


rocks (Table 1) which may represent a parental magma for the 
alkali basalt series. Ankaramites are characterised by a relatively 
high K,O content of <1-2% with a SiO, content of 41-44%. 
Kaersutites, usually noted for a high TiO, content, typically 
have K,O abundances of 1-2%, a value substantially higher 
than in other aluminous amphiboles. 

The observed differences in alumina, magnesia and alkali 
contents between kaersutite and the associated glass, lie within 
the variation of rock chemistry shown in the alkali basalt series. 
Differentiation trends are marked by a rapid decrease in MgO, 


Taal 


Table 1 Chemical compositions of kaersutite and glass 


*] > 3 E j © l É 
SiO, 42.2 444 41.4 43.3 43.26 43.2 42.53 43.30 
TiO, 5.25 3.95 3.85 4.14 3.71 3.4 4.78 4.02 
AlO, 13.4 15.6 10.3 16.6 13.68 9.69 16.61 16.95 
FeO, a, se oe cme OE DOO Se Bee 
eO 10.0° 10.8 10.6 10.25 9.39 8.97 7.84 7.70 
MnO 0.12 0.18 0.17 0.09 0.22 0.16 0.13 0.06 
MgO 11.4 4.05 14.6 4.53 9.22 12.64 5.56 5.72 
CaO 12.2 9.61 11.4 10.8 10.28 12.10 10.03 10.49 
Na,O 3.07 4.74 2.93 5.42 3.60 1.59 3.85 4.74 
K,O 1.23 2.77 1.12 2.08 1.47 1.18 1.96 2.34 
H,O+ oe ie ee oe: ee 
Totals 98.87 96.10 96.37 97.21 98.75 99.72" 99.71° 98.94 





*1, Kaersutite from xenolith in ash, Volcan de Tenequia, La 
Palma (No. 1718); 2, glass from xenolith No. 1718; 3, kaersutite, 
cumulate phase, xenolith from Volcan de Tenequia, La Palma 
(No. 1719); 4, glass from xenolith (No. 1719); 5, ankeramite, La 
Palma”; 6, ankaramite, Vallee de Papertoo, Tahiti-nui™; 7, basanite, 
Vaitepiha River, Taurapu, Tahiti; 8, basanite, Las Manchas, 
La Palma?®: a, total Fe determined as FeO; b, analysis total includes 
0.67 H,O- and 0.61 P,O;; + ae total includes 0.45 H,O- and 


P,O;. 
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with increases in Al,O, and total alkalis at essentially constant 
levels of SiO,, TiO,, FeO and CaO at least to the basanite stage. 
The glass compositions closely approximate those of basanites 
(Table 1). As the glass composition is apparently controlled by 
the crystallisation of olivine, basalt compositions between 
ankaramites and basanites could easily be produced by fractional 
crystallisation of this mineral. 

There is no evidence that the observed glass—kaersutite 
relationship actually represents melting of a hydrous phase at 
depth. Glass has been observed previously in ultramafic 
inclusions, and has been attributed to incipient fusion of the 
xenolith immediately before eruption’. Similarly, the com- 
position of the cumulate olivine does not indicate a mantle 
origin. Although the observed melting may, however, have 
occurred at shallow depths, it is reasonably certain that, com- 
pared with likely mantle assemblages, kaersutite would remain 
the mineral with the lowest melting temperature at depth 
(ref. 2). 

The origin of kaersutites in ultramafic nodules has been 
generally attributed to the crystallisation of this mineral from 
alkali basalt magmas under hydrous conditions. It is entirely 
possible, however, that kaersutite is formed as a product of 
tholeiitic magmatism as well. Helz® has shown that at 1,000° C 
and 5 Kb PH,O, amphibole crystallising from a tholeiitic liquid 
contains 4.27% of TiO, and is comparable in composition to 
most reported kaersutites. Thus, a widespread kaersutite 
occurrence may result from the crystallisation and accumulation 
of the amphibole under hydrous conditions at midoceanic ridges 
or any site of tholeiitic activity. Gravitational settling of 
kaersutite may provide a zone enriched in amphibole which 
could then act as a reservoir for alkali olivine basalt production. 
At the ridge, melting of some of the stored amphibole, at 
temperatures in excess of those required for the production of 
tholeiitic liquids, would account for late-stage alkalic activity. 
If accumulation has resulted from crystallisation at midoceanic 
ridges, the lithosphere thus produced would contain at its base 
a potential source for alkali olivine magma over a large geo- 
graphic area. Passage of the plate over a ‘hot spot’ could account 
for oceanic volcanism at sites far removed from ridges. 

Previous arguments for the involvement of amphibole in the 
generation of basaltic magmas have been based orf composi- 
tional similarities to basalts’~*, the requirement for a source of 
potassium!, titantium’, and water, and experimental evidence 
from whole-rock melting experiments in the presence of 
vapour**, The data presented here strongly suggest that 
kaersutite is entirely suitable as the principal source of alkali 
olivine basalts. 
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Elastic energy and plate tectonics 


A GLopat, quadrupolar mechanical analysis of the energy 
stored in the Earth, based on the concept of a ‘reference elastic 
distortion’*, has shown that quadrupolar continental drift, 
and in particular the westerly polar motion could be under- 
stood as resulting from a yielding process which operates as a 
consequence of the elastic energy in the Earth. 

Reduction of elastic energy is, however, not the only driving 
force available for continental drift: thermal stresses and 
thermal convection certainly play an important role”. Never- 
theless, it is instructive to study the extent to which the elastic 
energy reduction principle alone can explain the finer details 
of continental drift. We here give a preliminary report of 
the calculations which have been made: a more extended 
account will be published elsewhere. 

We have utilised various spherical harmonic analyses of the 
terrestrial topography*~* and have taken density fluctuations 
into account by various degrees of quenching or total vanishing 
of g fluctuations. The gross features of our results were in- 
fluenced very little by these effective isostatic compensations. 
To make things as simple as possible, we have also ignored 
compressibility and any radial variation of the density p or 
rigidity u; these, too, do not seem to alter appreciably our 
qualitative results, which show a significant correlation 
between regions of high elastic energy density and regions 
known to be seismically active. The predicted surface dis- 
placements are also in good agreement with accepted directions 
of continental drift. 

The equations for self-gravitating elastic bodies’, have a 
local elastic energy density (EED) term 


e(r) = pu? ,, (r) (1) 
which can be replaced by 
efr) = Hini) — ow |, mf (2) 


u(r) = (R/2g) {ln + Bin — 1) — (n+ 3)in) (r/) RY] x 
VP 2r/ RYO" (3) 


Ka = {1 + (up gR)/(2n? + 4n + 3)/n)y > (4) 
$ pr a k,®,, pth sk JO, (5 ) 


where Kix is the strain tensor, (== Opt; + Oig) u®;, is the 
‘reference’ strain tensor which, for simplicity, we assume to be 
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Fig. 1 The movement of the Earth’s crust. The arrows represent 

du,/dt as calculated from equation (13) in the special case that 

$ = 0. A solid arrow indicates that dugd/ is negative, corre- 

sponding to crustal sinking; a dotted arrow indicates that 

du/dt is positive, corresponding to crustal rising. Background 

map taken from Stacey, F. D., Physics of the Earth, (Wiley, New 
York, 1969.) 









derivable from a reference displacement u® by u®,, = 2 uj @ 
d,u,. Again for simplicity, we assume that u® represents 
the effect of an effective ‘reference potential’®® on the fluid 
body. That is, equation (2) is the elastic energy density for a 
self-gravitating body which froze when an external potential 
p® (r) was acting on it, and is now distorted differently as a 
result of the replacement of ®® by the actual current potential 
®. Expanding all quantities in spherical harmonics, and- 


denoting by subscript n any quantity belonging to the har- E 


monic manifold of order n, the modified equations can be 
solved to obtain er et 







|G). 


where n > 2. The z = 0,1 terms only determine the volume __ 
and centre of the initial sphere. EEA Coat 

Where R and g are the radius and free fall surface acceleration, —__ 
k „ is related to the nth order Love number’ oT Eas 


kna = [I + Gt/pgR) (2n? -+ 4n + 3/n)]> (4) ue 
pet a k iv, ne (i _ ka) ® ® f 6) 


For ®, = 0, that is, for departures from spherical shape, 
equation (5) gives the well known results, whereas with oO, 
present, the body behaves as if fluid is under a potential whichis a 
weighted average (with weight ka < 1) of the reference and 
actual potentials. l J 

For actual computation, it is easier to expand, in the usual 
way, 


Pa) = gR/R)" Em Eryn (0, 9) = ©. 
Dil (tr) = gROIR)” Em neye (0, @) (7) 
Py (r) = gR(r/R)" En e” (O)y™ (8, @) (8) 


and the surface radial displacement, which is the terrestrial 
topography, can be expanded to give 


u, (R, 0, 9) = RE u”y” (0, 9) = ® 


Equation (5) is then transformed to give 


ni = kaes + (1 — ky) e” (0) (10) 
and from equation (3): 
We = — [200 — 1)/2n + 1) u” (11) 


Given n from the topography analyses and knowing €” 
from the actual external potentials, both e” (0) and, therefore, 
the displacement u — u(0), which causes the strain which 
determines the elastic energy density, can be calculated. Note 
that v, = u, — u,(O) is, again, the displacement of an equiva- 
lent fluid body, acted upon by a potential k, (®, — P,O 
The variables controlling the irreversible release of elasto- 
gravitational energy are the e” (0) values. In general, the total 
elastogravitational energy can be written, for e7 = 0, as a 
sum of squares of the e” (0); thus the various processes will 
act in such a way as to decrease the latter on the average. (Of 
course, over short time scales some of these could grow at the 
expense of others, as long as the total energy is decreasing.) 
The energy reduction process manifests itself in real body and 
surface motion, as shown by equation (9)-(11). Such a motion, 


which we shall tentatively consider as a form of continental 


drift, will depend strongly on the exact way in which the various. 


€x (0) values change. In order to try to understand this, 


we have assumed that the important physical processes are | 
local, so that: | 
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Fig. 2 A plot of EED maxima as calculated with the spherical 
harmonics coefficients of the Earth's topography in the presence 
of the Earth’s rotational potential’. The figure is drawn for a 

spherical shell at 0.95 Earth radius. Triangles, latitudinal maxima 

(along a given latitude); boxes, longitudinal maxima (along a 

given longitude); circles, maxima in both directions. The back- 

ground heavy lines represent known regions of seismic activity. 

Background map taken from Stacey, F. D., Physics of the Earth 

(Wiley, New York, 1969. } 


d/dtiu, (r) — u, (fj = — a’ fu, (r) — u,® (r)] exp [Be(r)] 


with suitable values of a’ and $. This expression is equivalent 
to (with ®, = 0): 


d/dru,(r) = — au, (r) exp [Be(r)] (13) 


The actual process of strain release described is considerably 
more complicated.) 

We can apply our formulation to a simple model study—the 
behaviour of a self-gravitating sphere deformed by 


uy, == for 8 > @, 
u, = —aR (1 —cos (8—80, ) forð < ða (14) 


where 9 is the spherical latitude. This is a ‘one-ocean’ model of 
the Earth; 6, is the half angular width of the ocean; R the 
terrestrial radius; and a is a parameter specifying the depth of 
the ocean, chosen so that the centre of gravity of the deformed 
body is not too different from the undeformed body. 

For this model, we have chosen 8, to be 60°, and examined 
both the EED distribution pattern and the displacement from 
the reference sphere (a sphere having the same mass and the 
ate centre of gravity as that under consideration). We find 
that: 

(1) the elastic energy is a maximum (of height 10 in arbitrary 
units) at the centre of the ocean, and falls smoothly to a mini- 
mum of 0.65 at 46°, rising again to a maximum of 3.2 at 64°, 
just off the coast; it falls smoothly again to a low of 0.06 at 
118° and finally rises to a maximum of 1.16 at 180°. 

(2) the radial component of the displacement vector from the 
reference sphere u, = Eun is negative from 0° to 48°, 

n>2 
TO from 50° to 112°, then negative again from 114° to 

(3) the 6 component of the displacement vector from the 

reference sphere, 48 = u,0, is zero at both poles, 
n>2 

positive from 0 to 78° and negative from 80° to 180°. 

_ We therefore infer that: 

(1) it is reasonable to associate regions of maximal elastic 
— density with seismically active regions. If our model 
is regarded as a first approximation for the Pacific 
1, then we predict seismically active regions in the centre 
of the ocean, (the Hawaiian Islafids), the coasts, (Japan, 
South-east Asian coasts, the Indonesian islands, and the 
American Pacific coast) and opposite the ocean centre (the 
Middle East). These regions are, indeed, seismically active. 


: late A can be nied ai 
the Eaa fend’ mass as a result of the strain created by 
the ocean. If we assume, that #oc A u on the basis of equation 
(13), we would expect fault lines at 50° and 114°, and a plate 
boundary at 80°. Moreover, the ocean tends to close in order to 
reduce the overall strain energy. 

A second model study was devoted to the investigation of 
possible interference effects between two oceans, ocean A and 
ocean P, which are both described by expressions of the form 
of equation (14). Their maximum depths were chosen to have 
the ratio 4:7. Ocean A has a half-angular width of 25° and P has 
a half-width of 75°. The angle between the centres of A and P 
was chosen as 120°. We found that maxima in EED still exist 
on the coast and centre of P, and on the far side of the coast of 
A away from P. There is no EED maximum diametrically 
opposite to the centre of P because it is too close to the far 
side of the coast of A. This model shows that interference is 
quite important. Of course, this model is too rough to match 
the actual description of the Atlantic and Pacific Oceans. 

In the first spherical harmonic analysis of the Earth's litho- 
sphere and hydrosphere’, and to a certain extent, in subsequent 
analysis®*, the Mid-Atlantic Ridge was not prominently 
reproduced. As a result, we expect that our calculation of EED 
and displacements in the Atlantic region is less meaningful than 
the corresponding calculation for the Pacific Ocean. Using the 
various sets of spherical harmonic coefficients of the Earth’s 
topography, we have calculated the EED distribution in various 
spherical shells in the Earth at distances of 1.0, 0.975, 0.95, 
0.925, 0.9, 0.85, 0.8, 0.7, 0.6, 0.5, and 0.4 Earth radii for regions 
of 15° by 15°. We have carried out calculations both with and 
without the Earth’s rotational potential. In each case, we have 
scanned for latitudinal maxima of the EED (along a given 
latitude) and longitudinal maxima of the EED (along a given 
longitude) for each spherical shell. We have associated regions 
of maximal EED with seismically active regions. Also, at a given 
angular coordinate, we searched for maxima in the function 
r? e (r) along the radius. We have associated such maxima with 
the ‘focal points’ of seismic regions. We have also calculated 
the displacement vectors 

u= Lu,andu—u= E (u,—u,) 
nz2 ne2 


According to the simple model expressed by equation (13), the 
Earth’s crust, at a point r, will move with a velocity proportional 
to the magnitude of u, but oppositely directed to it. Figure | 
shows the plot of du/d¢, calculated with the Prey coefficients* 
with rotation included but without ocean waters as an external 
load and without isostacy, in the special case that B is 0. It 
clearly illustrates that oceans tend to close and that mountains 
tend to disperse. 

Space does not permit presentation of all our EED results, 
which include calculations in each shell for each case con- 
sidered. All shells in the region between 0.8 to 1.0 Earth 
radii have an EED pattern fairly close to the experimentally 
known distribution of seismically active regions, but not quite 
the same. In most cases, the shells at 0.95 and 0.925 Earth radii 
give best fits to observed seismic regions. Furthermore, inclusion 
of the Earth’s rotational potential leads to closer agreement with 
observation. Figure 2 shows the EED maxima distribution in 
the 0.95 Earth radius shell, calcuated with the most recent 
data® in the presence of the rotational potential. 

If only the latitudinal maxima are considered, there seems 
to be a better fit to the observed seismically active region, A way 
of understanding this is to suggest that the EED maxima, 
both longitudinal and latitudinal, are there. Latitudinal maxima 
are, however, sensitive to Coriolis forces, and so seismic 
activities may be more associated with latitudinal maxima than 
longitudinal maxima. 

Along a seismic plate boundary, points on the same plate have 
EED maxima in the same spherical shell or in adjacent shells. 
In general, EED maxima for points on coastal plates lie closer 
to the Earth's surface than those on inidoceanic plates. 


Nature Vol. 250 July 19 1974 


A deformed body possesses elastic energy which is gradually 
released in irreversible processes. It may be possible to under- 
stand general features of seismic activity and continental drift 
as global phenomena related to irreversible strain releases. 
Although we have not reproduced EED maxima along the 
Mid-Atlantic Ridge, a ridge does tend to form in the middle 
of the Atlantic Ocean (Fig. 1) Our EED maxima distribution. 
in and around the Atlantic Ocean, could well correspond to 
a situation before the Mid-Atlantic Ridge was formed. 

Refinements in the spherical harmonic analysis of the Earth’s 
topography, and inclusion of the effects of isostasy and local 
variations in u and g are desirable. Coupling to thermal 
convection is probably important, as thermal energy seems to 
be sufficient to move the continental plates*. Core—mantle 
coupling which would include the effects of the existence of the 
liquid core may also play an important role. The relaxation 
process described by equation (13) is obviously too simple and 
needs to be improved; this will require a better understanding 
of the solid-state physics of the Earth's crust. We hope to return 
to these and related questions elsewhere. 

We thank Professor David Pines for his encouragement and 
for discussions. J. S. thanks the Physics Department of the 
University of Illinois. Professors G. J. Bruius and W. M. 
Kaula provided spherical harmonics coefficients. This work 
has been supported in part by the National Science Foundation. 
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Remote sensing and lake eutrophication 

AN infrared photograph of part of Clear Lake, California 
(Fig. 1) shows beautiful, complex patterns of blue-green 
algal blooms which were not observed by conventional 
limnological techniques. Repeated observations of patterns 
such as these can be used to chart the surface movement 
of these buoyant algae and can also be used to help 
control algal scums in eutrophic lakes. 

A considerable amount of microstructure is visible in 
the photograph, including plume and wave-like concentra- 
tion. We use the term ‘microstructure’ because the distances 
between what are obviously very different concentrations 
of phytoplankton are only of the order of a few metres, 
which are small distances relative to the area of the 
lake (17,000 ha). Although sampling teams on the lake 
could see some evidence of surface algal concentrations, 
they did not observe the microstructure at all despite the 
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Fig. 1 Infrared aerial photograph of surface algal concen- 
trations in the Upper Arm of Clear Lake, California, taken 
on May 11, 1973 with an International Imaging Systems 
Mark I multispectral camera with four 100 mm F. L. lenses 
and Kodak Type 2424 film. The image is 5 km across. 
a, Wake of boat. Images were simultaneously recorded in 
red (590-690 nm), green (470-590 nm) and blue (400-470 nm) 
light. The infrared light used to record this image (730-950 
nm) should not be confused with emitted thermal radiation 
(5,000-14,000 nm). Solar elevation above the horizon was 
35°. On the water, dip samples from the first 10 cm of the 
water column were measured for turbidity and analysed 
spectrophotometrically for soluble phycocyanin-c and par- 
ticulate chlorophyll a after methane extraction*®, Secchi disc 
depths and field notes were recorded at each station, One of 
us (A.J.H.) devised an aerial photographic technique for 
surface blooms, which is more available to the average 
limnologist. A conventional hand-held SLR camera with a 
through-the-lens light meter, 35-mm lens, standard colour 
film and a rotatable polarising filter gave a fair impression 
of the bloom microstructure from a small highwing air- 
plane at an altitude of 2,000 m. Polarised light brought out 
algal surface patterns but in less detail than the multispectral 
pictures, 


fact that the boat tracks are visible in Fig. 1. Measurements 
from the boat showed that the lake is virtually free of 
suspended sediment and that it supports a near monoculture 
of Aphanizomenon flos-aquae'. Lake surface turbidity, in- 
cluding algae, was only 3 Jackson Turbidity Units. Concen- 
trations of chlorophyll a were measured as 14 and 255 pg 17! 
in two of the photographed areas and we are therefore sure 
that the pattern resulted from a single species of blue- 
green algae. Complex patterns such as these cannot be 
determined using conventional techniques because major 
changes in algal distribution can occur in a few minutes 
and the details are invisible from a moving boat. Sky 
reflections, internal reflections of upwelling light and the 
disturbance from the boat itself all add to the problem. 
Buoyant, gas-vacuolate blue-green algal blooms are a 
considerable nuisance in Clear Lake. For example, when 
the Upper Arm of Clear Lake was photographed (Fig. 1), 
the surface patterns were very different from those in the 
Oaks Arm. Algae formed dense streaks several metres 
wide and 10 cm deep and had chlorophyll a concentrations 
of approximately 10° „g I”! relative to adjacent values 
of approximately 10° ug 1—'. Physical concentrations such as 
these, if prolonged, would be catastrophic for both algae, 
which would die, and humans, who would suffer from the 
smell. Blue phycocyanin-c, a paint-like pigment virtually 
unique to blue-green algae, is lost from their cells upon 
death. Even by 09.00 LT the streaks contained up to 500 
times more free phycocyanin-c than was observed in nearby 
areas, indicating considerable decay of the surface phyto- 
plankton. In spring Aphanizomenon can fix atmospheric 





a » believe that most of the observed patterns 
=e ye from Aphanizomenon (we also observed a few 
-which resulted from suspended sediment), spectral signa- 

-pures of the algal patterns varied. On May 11, 1973 algal 
concentrations were bright in- infrared light (Fig. 1); a 
:- photograph of the same area in red light provided a similar, 
but less contrasting, response and photographs in blue and 
green light showed no patterns. A different spectral signa- 
ture occurred on June 21, 1973: algal concentrations which 
were still bright in infrared light, appeared as simular, 

though darker patterns in blue, green and red light. The 
spectral signature observed on May 11, however, only 
‘occurred in limited areas. Importantly, lysed (dead) algal 











: streaks were bright in all spectral regions. Temporal and 


spatial signature variations such as these result from any 


"> combination of several factors: algal distribution and con- 


centration in the water column’, gas vacuolation in the 
algae’, or background turbidities or anomolous concentra- 
‘tion effects’. 
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‘We wish to report the first X-ray photoemission spectroscopy 
Project, using sync 





using synchrotron radiation from the Stanford Positron 
Electron Accelerator Ring (SPEAR) facility. The photo- 
emission technique has been used extensively in the study of the 
electron properties of materials'-*. . 





The main emphasis was on the study of the feasibility of using 
the favourable properties of synchrotron radiation to achieve 
high resolution XPS. A resolution of 0.6-1.0 eV (or 0.9-1.5 eV) 
is achieved in commercially available XPS machines with (or 
without) monochromatised radiation. We have obtained a total 
experimental width of 0.42 eV, implying a resolution of about 
0.25 eV. Studies in the X-ray region have been limited to the 
few photon energies determined by characteristic X-ray emission 
lines (mainly Al Ka,a, and Mg Kaa, radiation at 1486.7 eV 
and 1253.6 eV, respectively, the intensities of which are high 
enough and the characteristic linewidths of which are small 
enough to be useful as a monoenergetic X-ray source’. Syn- 
chrotron radiation provides a continuous wavelength spectrum, 
which for the SPEAR storage ring with a critical wavelength* 
of à. = 4.6 A (at a beam energy of 2.5 GeV) extends down to a 
fraction of an angstrom (œ 1/10 x ^) with considerable 
intensity. The advantages of using synchrotron radiation for 
XPS experiments have been reviewed’, and parameters of the 
SPEAR storage ring have been summarised. 

In a photoemission experiment the sample is irradiated with 
monochromatic radiation and a kinetic energy analysis is per- 
formed on the photoemitted electrons. Our experimental 
apparatus, consisting of a beam extractor, a crystal mono- 
chromator and an electron spectrometer (Fig. 1). The beam 
extractor is a 10 m long ultrahigh vacuum pipe (P = 8 inches) 
which is used to channel the synchrotron light from the storage 
ring out to the experimental area. The beam extractor contains, 
among other things, instrumentation for collimating the 
synchrotron beam in both the horizontal and vertical planes. 
The X rays are allowed to pass two Be foil filters to reduce long 
wavelength radiation, and through a Be window (250 um 
thick), which provides a vacuum tight connection between the 
ring (10~ torr) and the monochromator (atmospheric He). The 
crystal monochromator uses two flat Si (220) crystals in the 
parallel mode and a Si (440) channel-cut crystal in the anti- 
parallel mode. A third crystal is optional and was not used for 
these experiments. The first crystal deflects the X-ray beam 
downwards in the vertical plane and the beam emerges from the 
second crystal horizontally about 20 cm below the centre-line 
of the original beam. The monochromator is positioned inside 
the radiation shielding of the storage ring and must be remotely 
controlled. The monochromatic X-ray beam (8,000 eV) passes 
through a hole in the radiation shielding and into the electron 
spectrometer through a thin (50 um) Be window, about 15 m 
from the source. The electron spectrometer consists of an ultra 
high vacuum (UHV) chamber (base pressure 4 x 107" torr) 
housing an energy analyser, a sample flange, and accessories for 
the preparation of UHV samples, The energy analyser is a 
double-pass cylindrical mirror analyser with a channeltron as 
the electron detector. Standard techniques for fast pulse 
counting were used for the data acquisition. 
















Fig. 1 Schematic figure of the experimental apparatus. a, origin 

of synchrotron radiation; b, water cooled collinators;c, absorbing 

Be foils (65 um); d, Be window (250 pm); e, crystal mono- 

chromator (silicon crystals deflect the beam); /, energy analyser; 
g, sample. — — n4 
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Fig. 2 Electron distribution curve for the 4f doublet of gold. 
The Fermi level is chosen as the reference level for the binding 
energy. a, 4f5. peak; b, 4f, peak; c, 0.42 eV (FWHM). 


The performance of our XPS machine was tested by measure- 
ments of ‘photoemitted electrons from inner core levels in the 
noble metals Cu, Ag and Au. The measurements were taken on 
thin films evaporated in situ in the UHV chamber. The observed 
distribution curve for the well known an extensively examined 
4f doublet in Au is shown in Fi ig. 2. The total accumulated 
number of counts is plotted against = binding energy of the 
electrons, using the Fermi energy as the reference level. The 
counting rate is normalised to an e-beam current of 20 mA in 
SPEAR. During these measurements the ring was run at a beam 
voltage of 2.5 GeV and an e-beam current of 20-40 mA (the 
beam current typically decay$ from 30 to 20 mA in 3-4 h, after 
which the beam is dumped and the ring refilled). The horizontal 
scale has been calibrated so as to give the binding energy for the 
4f; level, which was reported by Ley ez al”. The most remark- 
able thing about the spectrum (Fig. 2) is the extremely narrow 
width of the lines, demonstrating the high resolution capability 
of the XPS machine. A linewidth of 0.42 eV at full width at half 
maximum (FWHM) is obtained from Fig. 2, which is about 
a factor of two better than results from X-ray tube sources 
without a monochromatised Al Kaa, source®. The splitting 
between the two peaks, and their relative heights (Fig. 2a, b), 
are in excellent agreement with earlier results®. Signal—back- 
ground and signal-noise ratios are expected to be improved 
after a minor modification of the experimental set up. Three 
factors contribute to the observed linewidth of 0.42 eV at 
FWHM: the inherent width of the 4f photoline: the resolution 
of the energy analyser; and the resolution of the crystal mono- 
chromator (including the effects of slits and collimators). The 

energy resolution of the doublepass cyiihdrical mirror analyser 
is well known, and is 0.6% of the pass energy for the electrons. 
We chose a pass energy of 20 V, thus, the contribution to the 
resolution from the energy analyser is 0.12 eV. It is more 






























difficult to give an exact figure for the contribution 
crystal monochromator, because of the complex 
and collimators, and because of the difficulty of: es 
source size. A consideration of all of the geometr 
however, suggests that it should lie somewhere bety 
and 0.35 eV. With the arbitrary assumption of Gai 
shapes the inherent linewidth would then be.0,2-0.3 
be assumed, however, that the line shapes e 
Gaussian 1 nor Lorentzian. All that we cé 
present is that the intrinsic linewidth i 
0.3 eV but probably 0.10-0.15 eV. We are 
theoretical estimate of the different physic 
example, radiative and non-radiative Auger 
tributing to the linewidth. Published calcul: 
transition rates do not extend out to the 4f she 

The calculated photon flux after the monochroma 
the SPEAR parameters already given, is 10°-10° ph 
cm~* which is consistent with our flux measurem 
ionisation chamber. The useful flux on the sample 
by the effective aperture of the energy anal 
should comment on the counting rate wh 
running conditions of the storage ring and th 
meter is 25 counts s~! on the 4f peaks (Fig. 2). 
counting rate excludes the possibility of convenie 
valence bands and core lines with considerably we 
than the Au 4f levels. The intensity of 8,000 eV X 
however, increase about 50 times, after the upgrading í 
SPEAR storage ring (planned for summer 1974), and tht 
required data acquisition time will be considerably short 
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Electrically driven instability in elastic liquids E- 


We report here a striking phenomenon which we have 
observed in some elastic liquids. The phenomenon was- 
discovered during the cleaning out of a glass vessel- w 
contained a newly prčpared solution of a polyiso 
of high molecular mass in a polyisobutene with a 
molecular mass. The liquid was rather viscous, and- 
good proportion of it remained on the walls of the 
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Fig. 1 The formation of fine jets of liquid after a polyiso- 
butene solution has been torn away from a glass surface. 
[he glass rod in the photograph has a diameter of 6 mm. 


container. We decided to recover this by utilising the 
elastic properties of the solution and ‘winding’ it onto 
a glass rod. Using this method the liquid can be torn com- 
pletely free from the walls of the container. Having thus 
removed some of the liquid from the container we found 
that the liquid on the rod spontaneously developed a num- 
ber of fine streamers (Fig. 1). These emanated from 
irregularities on the surface of the liquid and their tips 
moved away from the rod at speeds of several cm s 
Using an electroscope we established that the process 
of tearing the liquid from the walls of the container 
resulted in a separation of electrical charge. We also noticed 
that the streamers were readily attracted to nearby objects. 
It has been known for many years’ that the horizontal 
free surface of a liquid in a vertical electric field can be 
unstable, resulting in the formation of vertical jets of liquid 
if the field intensity is sufficiently large. We believe that 
the present phenomenon is an example of this instability. 
As the winding-on procedure produces irregularities in the 
free surface, the charge that is generated in the process 
of tearing the liquid from the container will not be 
uniformly distributed over the surface, thus giving rise 
to local field intensities near these irregularities much larger 
than the average. Presumably these ‘local’ fields can 
exceed the critical field intensity required for the described 
instability to occur, and a jet (or streamer) of liquid forms 
in exactly the same way as that described by Taylor’, We 
have found that these streamers grow to great lengths 
(to: many thousands of diameters) without breaking and 
can be so fine as to be quite difficult to see with the naked 
eye. This remarkable cohesion is most probably aided 
by the very good spinnability of many elastic liquids’, 
which allows them to be drawn into extremely fine threads 
without breaking. (Taylor found in his experiments’ that, if 
he used a conducting liquid, a steady uniform jet of liquid 
was formed when the field was sufficiently strong. If, how- 
ever, the liquid was a poor conductor, such as transformer 
oil, the jet did not properly establish itself and took the form 
of a series of droplets. We repeated Taylor’s experiment 
using the polyisobutene solution, which has an extremely 
low conductivity, and found that the instability resulted 
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in the formation of a steady uniform jet. We attribute 
this to the good spinnability of the non-Newtonian poly!- 
sobutene solution, as opposed to the Newtonian behaviour 
of transformer oil.) 

We tried to reconstruct our observation by spreading a 
small quantity of the liquid (taken from the stock solution) 
on a glass plate and then ‘tearing’ the liquid from the 
plate by winding it on to a rod. The phenomenon was 
not observed immediately, but after the liquid had been 
left on the plate for a day in the open air, we found that 
the phenomenon could once more be produced easily 
Further investigation indicated that the composition of 
the plate (whether glass, perspex, or a metal) did not 
affect the experiment noticeably, but that it would not 
work when the rod was a conductor. 

At this stage we decided that the charge separation might 
occur in a similar manner to that in which charge 
arises when petrochemical mixtures flow through pipe- 
lines. In such cases it has been found that the formation 
of the charge depends on the presence of trace polar 
impurities’. In order to test this idea we placed some 
fresh liquid on a glass plate, put the plate in a desiccator 
for a week. and tried to observe the phenomenon. No 
streamers were found but after the liquid on the plate had 
been left exposed to the air for a few hours we were again 
able to produce the instability. It seems, therefore, that 
in our experiments a small amount of water from the air 
was necessary for the charge generation. 

We believe that the extremely low electrical conduc- 
tivity of polyisobutene solutions is an important feature 
of the experiment, as it is essential that the field is 
maintained while the streamers are forming, and this re- 
guires that the charge should not leak away too quickly. 
The phenomenon has also been observed with a solution 
of polystyrene in di-phthalate. 

B. J.. 3. 
W. G. 
Fluid Mechanics Research Institute, 
University of Essex, 
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Bordoni peak formation as a 
result of a martensitic transformation 


Tue indium-thallium alloys in the composition range 16-31 
atom’, TI undergo a martensitic phase transformation from 
the higher temperature f.c.c. form to the lower temperature 
f.c.t. modification':?—a transformation which is well suited to 
ultrasonic studies. Here we report ultrasonic attenuation 
measurements, which have revealed the development of an 
internal friction peak which results from the passage of 27 
atom’, TI alloy single crystals through the phase transition 
(which occurs at 127 + 2 K for this composition*). The 
general behaviour of this peak strongly suggests a relaxation 
type of effect similar to that first observed by Bordoni in copper*. 
Such peaks are either absent or negligibly small in well annealed 
metals: but they are produced by plastic deformation and are 
considered to arise from thermally activated processes involving 
dislocations®. We can therefore expect that any dislocations 
which. are formed as a result of the martensitic transition 
would give rise to such a peak, and that it could be detected 







nically, provided that the investigated ranges of 
und frequency and temperature are appropriate to the 
vation energy involved. 3 

Measurements were made on [110] oriented, single crystal 
amples of the alloy, of composition 27 atom% TI, cut from a 





boule of about 4 cm? which had grown in a horizontal zone 
furnace. Ultrasonic pulse~echo measurements were made at 
44 MHz and 42 MHz with longitudinal waves and [100] 
polarised shear waves, respectively (Fig. 1). A large absorption 
peak occurs at the transition temperature T, (refs 3 and 6). 
The peak temperature is independent of frequency, although 
it does differ somewhat between warming and cooling, as 
would be expected for this transition. The additional feature 
of the attenuation behaviour (shown in more detail in Fig. 2) 
is the peak which occurs at temperatures higher than T, and 
which moved to higher temperatures when the driving frequency 
was raised. During each experiment the sample was taken 
through a cycle of cooling from room temperature to below 
Te (thus producing a banded twin f.c.t. Structure) and then 
warming back to 300 K to reverse the process and to re- 
establish the single crystal form: the temperature change was 
continuous, except at the end points. For the first few (= 5) 
cycles following the original spark cutting and planing of the 
crystal, the additional attenuation peak could be seen only 
during the warming part of the cycle and was not seen during 
cooling (Fig. 1). After a further few cycles, however, the peak 
became established during both warming and cooling (Fig. 1). 
Subsequent measurements over a long period of time showed 
that the peak height decreased gradually, until after about 
eight months it had vanished almost completely. 
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Fig. 1 The temperature dependence of the attenuation of 
ultrasonic waves propagated along the [110] direction in an 
‘In-27 atom% TI alloy. a, 14 MHze curves (longitudinal 
waves); b, 42 MHz curves (shear waves, polarised [001]; @, 
cooling; x, warming: ©, initial cooling. The peaks at 127 K 
fon cooling) result from the phase transition, and the 
_ Bordoni peak appears at about 250 K. 
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Fig. 2 Collected data of the Bordoni peaks. found for ultr 
sonic waves propagated in the [11 0] direction in In-27 ato: 
Ti crystals. a, 70 MHz curve, shear wave (sample A); $ 
MHz curve, shear wave (sample A); c, 42 MHz. cu 
longitudinal wave (sample B); d, 42 MHz curve, longitud 
wave (sample A); e, 14 MHz curve, longitudinal wave (sar 
B); f, 14 MHz curve, shear wave (sample A). These da 
obtained during the period when the peaks could be seen a 
both warming and cooling, and before their amplitude ha 
become too small to measure. if 


In general, the observed effects are characteristic of Bordoni _ 
peaks in f.c.c. metals. For example, Bordoni‘ first found that - 
the internal friction peak in copper was reduced by about 30% 
after annealing at 150° C for 10h. Room temperature annealing _ 
of the Bordoni peak, of the kind observed here, is well m 
in aluminium”™®’. In indium-thallium alloys the pea m- 
perature does not depend appreciably upon the » 








number of 
passes through the transition. This corresponds with the usual Ee 
finding: that the Bordoni peak position is not very sensitive = — 
to prestrain, annealing or impurities. The results in Fig. 2can 
be used to test a relaxation process hypothesis. An activation 
energy, E, is defined, and the peak temperature Tn, and driving — 
frequency, v, can be related by an Arrhenius type of expression 
= vgexp (— E/kT m) AD 
in which v, is an attempt frequency. A straight line o 
Arrhenius plot (Fig. 3)+gives a reasonable fit to the pr 
results. Several determinations were made of Tm at 
frequency with different ultrasound wave polarisatio 
two different [110] samples cut from the same boule, ans the 
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Fig. 3 Arrhenius plot to determine the activation energy and 

attempt frequency corresponding to the Bordoni peak, induced 

by passing through the transition. @, Sample A; +, sample 
B; L, longitudinal waves; S, shear waves. 


variations were found to be small. The activation energy, E. 
was found to be 0.24 + 0.05 eV and the attempt frequency, Vo, 
1.5 + 0.4 x 102? Hz. Applied to Bordoni peaks in f-c.c. metals 
in general this procedure gives activation energies of the order 
of 0.1 eV: for copper, E is 0.1-0.15 eV (with va = 1016—1018 
Hz); for aluminium, Æ is 0.25 eV (vo = 10'* Hz) (ref. 5). The 
peak parameters obtained for indium-thallium alloy studied 
here, fall into the same range. It is interesting that there is no 
significant difference, within the limits of experimental error, 
between the activation energies obtained for the longitudinal 
and the transverse modes. A difference can occur, however, 
when the resolved stress component differs on the slip plane 
corresponding to the polarisations of the longitudinal and 
transverse ultrasonic waves’. 

The general features of the peak in the ultrasound atten- 
uation in the alloy are consistent with those of Bordoni peaks. 
In other materials such peaks have been shown previously to 
result from dislocation motion, and to occur at high dis- 
location densities. The peaks in the 27atom% TI alloy were 
formed after passage of the crystals through the martensitic 
transition, and back. If a dislocation damping mechanism is 
assumed, then not only is the frequency dependence of the 
peak temperature accounted for, but so is the observation 
that the peak appears initially only on warming. The strains 
involved during the transformation must produce a large 
number of dislocations which then interact with the ultrasound 
waves as the sample is warmed up, and anneal out when it is 
held at room temperature for several hours (300 K is approxi- 
mately 0.7 of the melting temperature). Therefore, subsequent 
cooling does not result in the reappearance of the peak. But 
if after several cycles, the dislocations become pinned 
sufficiently for short period annealing to become ineffective in 
causing their removal, then the peak will appear in both the 
cooling and the warming parts of the cycle, as is observed. The 
attenuation peak results provide experimental evidence of the 
production of dislocations during the martensitic transformation. 
D. J. GUNTON 
G. A. SAUNDERS 
Department of Applied Physics and Electronics, 

University of Durham, 
South Road, Durham, UK 
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Determination of the gas 
constant by an acoustical method 


A new value for the gas constant, Re, has been obtained from 
measurements of the velocity of sound, c, in argon at the 
temperature of the triple point of water. Velocity measure- 
ments were made using a low frequency variable-path acoustic 
interferometer, operating at a frequency of 5.6 kHz (ref. 1). 
Ninety eight independent measurements of sound velocity 
were made over a range of pressures from 0.3-2.0 atm. A 
quadratic least squares fit was made of c? against pressure, 
and the resulting acoustic isotherm was extrapolated to zero 
pressure to yield a value for ce, the velocity in the limit of 
low pressures. The gas constant was then obtained from the 
relationship 
GO = yRoT/M 

where y = 5/3, T=273.16 K, M = 39,9478 g mol and c} was the 
experimentally determined value of 94,768.9-+2.1 m® s~*. The 


neni 


uncertainty quoted for c, is the standard error on the inter- 


(p.p.m.) in Ro, 

The largest systematic uncertainty is that arising from the 
uncertainty in the isotopic composition of the argon used in 
the measurements, and is thought not to exceed 7 p.p.m. 
Errors in temperature measurement, acoustic frequency and 
the measurement of displacement in the interferometer are 
considered negligible, and errers resulting from chemical 
impurities in the argon are not thought to lead to a systematic 
uncertainty greater than 3 p.p.m. The major uncertainty in 
the result is thus that arising from random errors in the measure- 
ment of velocity. 

Full details of the experimental method and results will be 
published. 

This new value for R, is greater by 1.18 J K kmol™ 
(142 p.p.m.) than that based upon measurements of the density 
of oxygen and quoted as 8,314.41 +0.26 J K~ kmol™ (ref. 2). 
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-Solution evaporation method 
- for solid state ESCA studies 

-| | ALTHOUGH. considerable effort in electron spectroscopy for 
chemical analysis (ESCA) has been channelled into the 
development of narrow line sources'~*, there has been little 
attention to the problem of increasing ESCA resolution by 
decreasing the large linewidth contribution from involatile 
non-conducting solid samples. For such samples, most 
workers have spread a thin layer of solid on to sticky 
tape’’, or have used a metal mesh as host matrix’~*. Al has 
also been suggested as a sample backing by P. E. Larsen. 
These procedures generally provide widths approximately | 
eV broader than those from the gas phase’, thin condensed 
phase’, or from conductor’ spectra. The procedures nor- 
mally involve the use of a few mg of compound, even 
though ESCA should be sensitive to ~ 10° g of a 
material?" 

We describe here a simple technique for evaporating very 
dilute solutions of compounds on to acid-etched Al plates 
which, first, usually appreciably decreases the linewidths 
of non-conducting samples; second, enables good spec- 
tra to be obtained using xg amounts of compound: and 
third, minimises charging effects and calibration problems. 
-All spectra were recorded using an ESCA-36 McPherson 
Instrument and Mg Ka radiation. To avoid decomposition 
of samples, low X-ray power (15 mAX8 kV) was used 
for as short a period as possible. Spectra were calibrated 
using the Au evaporation technique™, and an argon ion 
gun (10 keV argon ions) was used to etch a Sn metal foil 
in situ in order to obtain a spectrum of pure Sn metal. 
Besides the energy levels of direct interest in this study 
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Fig. 1 Pb 4f spectra of Pb(NO;) taken using a Mg anode 
and an X-ray power of 120 W. The binding energies are 
uncorrected for charging effects. See Table 1 for corrected 
values. The lines drawn through the spectra are seven point 
smooths. a, 6.1 mg of solid Pb(NO;). spread evenly onto 
an acid etched Al plate; time of a@cumulation=15 min. 
b, 3.8 ug of PUNO, from 10 ul of a 1.6 x 10-3M 
Pb(NO;), solution in H:O; time of accumulation= 75 min. 
=e, 0.4 ug of PNO, from 10 wl of a 1.16 x 10-*M 
Pb(NO;). solution in H:O; time of accumulation= 75 min. 
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Fig. 2 Normalised intensity of the Pb 4f;, line aga 
amount of Pb(NO;) (ag) on the Al plate. © 


(Pb 4f, and Sn 3d), spectra of energy levels- 
elements (such as C Is, N Is and O 1s) in the co 
were always recorded. te 
Alcan AA 3003 aluminium plates (2 cmX1- 
cm) were lightly etched for 2-3 min in 3 M HCH 
were readily wettable with H:O. Purer Al (Fischer | 
purity) was also tried with similar results. More ext 
etching or roughening with fine emery paper inva 
leads to the poorer results. Pt foil further reduced cha 
effects but did not wet as well. The etched Al plat 
washed with H:O and acetone and dried in an 
70° C. "3 
Generally, solutions of between 107? M and H 
a given compound were prepared and 3-20 al pi 
to the Al plate. Volatile solvents such as benzene. 
spread over the plate. Because of the high surface 
of H:O, the end of the micropipette was used to. 
aqueous solutions over the plate; if the plate was suffi 
etched, the water would wet the entire plate. Th 
was then allowed to evaporate in air. ea 
The use of such small amounts of samples i: 
to minimising vacuum problems encountered with 
volatile or unstable compounds. a. 
An adequate spectrum of 0.4ug of Pb( NO): on a 
plate can be obtained in 75 min, using low X-ray p 
and the linewidths (1.60 eV) are narrower than thos 
(1.70 eV) for the 6 mg of Pb(NO;) solid (Fig. te 
is interesting to compare our results with those obtaine 
Hercules et al." using complexing surface groups, We ot 
tained the spectrum on 0.4 ug of compound, whereas they 
used 2,400 scans (for an unspecified length of time) to ob- 
tain a spectrum on ~2 yg of Pb. BR 
Considering the area of the Al plates (2.0 cm’), assuming _ 
that the area taken up on the surface by a PNO) 
molecule is ~ 20 A* and that there is an even distribution — 
of Pb(NO:): molecules on the surface, lug of Pb(NO;). Ss 
corresponds to 1.8 monolayers. Thus, the spectrum _ 
in Fig. lc corresponds to that for about one monolayer  ' 
of Pb(NOs). This suggests that considerably smaller. 
amounts of Pb(NOs)2 could be detected at higher X-ray 
powers and longer scan times. Ee 
Furthermore, the reproducibility of the results (Fig. 2 
is surprisingly good considering the potential difficulties in 
obtaining an even distribution of molecules on a surface. 
It is also interesting that the intensity begins to level off. 
after a few ug of compound, although we have fe 
that the normalised intensity continues to increase 
with increasing amoufts of Pb(NO:) on the pla 
reproducibility, combined with the narrower line 
and the levelling off of the intensities, strongly “ine re 
a reasonably even distribution of molecules on the surface. — 



























Amount of Pb (NO3)2 Pb 4f 
No. of spectra on plate (ug) uncorrected 
(+ 0.1 eV) 
2 1.9 144.3 
139.5 
4 3.8 144.5 
139.6 
| 7.6 144.4 
139.6 
2 76 144.5 
139.6 
3 6,100 147.2 
solid 142.4 
none 


* Au Afrig == 84,0 eV. 


Figure 2 indicates that with further improvement of the 
technique, there could be two very important uses both 
in ESCA and Auger spectroscopy: calibration curves for 
quantitative analysis, and escape depth studies. 

The results (Fig. 1 and Table 1) also indicate that charg- 
ing effects are minimised in the solution evaporated samples, 
relative to the solid spectrum, although the corrected bind- 
ing energies are the same within the error for all samples. 
Pb{NO;): from solution evaporation is still about 0.5 eV 
compared to 139.6 eV for a solution evaporated sample, 
whereas the corrected Pb 4f72 peak is at 138.9 eV and 
138.8 eV, respectively. The Au calibrations show that the 
Pb (NO:) from solution evaporation is still about 0.5 eV 
charged relative to Au on the Al plate. Thus, the Au 
4f;. line (84.0 eV for Au metal) is at 84.2 eV on the etched 
Al plate, but is at 84.6+0.2 on the Al plates with evapora- 
ted Pb(NO;). Au linewidths of 1.40 +0.05 eV were obtained 
for all Au evaporations. 

It is apparent that the solution evaporation technique is 
ideally suited to internal calibration as used in other 
forms of spectroscopy, and in ESCA spectra of volatile 
solids in which a compound such as perfluorocyclohexane 


Counts i x 10°) 





135 130 


140 l 
Binding energy (¢V) 


Fig. 3 Sn 3d spectra taken at an X-ray power of 120 W. 

The lines are seven point smooths. a, Sn metal, produced by 

an 8 min argon ion etch of Sn foil? The small shoulders on 

the left hand sides of the peaks are because of residual tin 

oxides, Time of accumulation = 3.7 min. b, 12 wg of (CeHs)s 

Sn from 3 wl of 9.3 x 10°°M benzene solution of (CeHs)s 
Sn. Time of accumulation =15 min. 


Table 1 Pb 4f binding energies 
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Pb 4f Au 4f;,2 Pb 4f 
uncorrected (+ 0.1 eV) corrected 
with Au (+ 0.2 eV)* 
(+ 0.1 eV) 
144.3 84.6 143.7 
139.3 138.7 
144.5 84.8 143.7 
139.6 138.8 
not obtained 
144.1 84.3 143.7 
139.2 138.8 
146.8 87.0 143.8 
141.9 138.9 
84.2 


(CFn) is cocondensed with the compound of interest”. 

For many molecular Sn(1V) compounds, the solution 
evaporation method leads to significant decreases in line- 
widths relative to spectra taken in the conventional manner, 
especially when large charging shifts are present. The 
minimum Sn 3d linewidths for a conductor (Sn metal) ob- 
tainable on our equipment are 1.05 +0.05 eV (Fig. 3a) where- 
as that for a molecular non-conductor (Ph,Sn) is 1.20+0.05 
eV. In contrast, typical 3d linewidths on Ph.Sn solid are 
1.50+0.05 eV. Sn 3d linewidths for a number of other Sn 
compounds are 1.30+0.05 eV, but others such as Mez 
Sn (acac)} (acac=anion of acetylacetone) give markedly 
larger linewidths of 1.65+0.05 eV. Solid samples have 
larger linewidths probably because of differential charging’. 
For some molecular Sn compounds, narrow linewidths 
can also be obtained by using very thin solids spread on to 
the etched Al plates. 
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Actinomycin D and RNA transport 


ACTINOMYCIN D, a potent inhibitor of RNA chain propaga- 
tion of DNA-directed RNA transcription'~*, has been widely 
used for studies of turnover and transport of RNA in a 
variety of cell systems, to try to demonstrate that nuclear 
RNA labelled before the addition of actinomycin D is trans- 
ported to the cytoplasm. It has been found that most labelled 
RNA remains in the nucleus". It has been shown that the 
decrease in radioactivity of the heterogeneous nuclear RNA 
in HeLa cells is not accompanied by transfer of appreciable 
material to the cytoplasm’. Results of such experiments have 
even indicated that no transfer of rapidly labelled RNA 
from nucleus to cytoplasm occurs*. Recent studies on the 
effect of actinomycin D have raised doubts as to the validity 
of conclusions based on experiments including it. A pro- 
longed half-life of mRNA due to actinomycin D has been 
observed in liver cells'’®, and the decay time of mRNA in 
HeLa cells has been found to be considerably shortened by 
treatment with this antibiotic’. A non-physiological break- 
down of rapidly labelled RNA by actinomycin D in primary 
chick fibroblasts has also been reported”. 

In studies of RNA transfer from nucleus to cytoplasm 
by chase experiments with actinomycin D, the length of the 
labelling period before inhibition is very important. Actino- 
mycin D, being a template inhibitor, binds to DNA, and 
thereby efficiently blocks elongation of nascent RNA mole- 
cules. The use of too short pulse labelling before adminis- 
tration of the drug may imply that, at the onset of inhibition, 
most of the radioactivity is confined to nascent RNA chains 
that cannot be released from the chromosomal sites during 
the ensuing chase with actinomycin D. Here I describe 
experiments supporting this idea. Transport of labelled 
chromosomal high molecular weight RNA to the cytoplasm 
after actinomycin D chase can be demonstrated if the period 
of prelabelling is sufficiently long (more than 25 min), and 
if labelled RNA has appeared in the nuclear sap before the 
addition of inhibitor. 

Salivary glands were isolated from fourth instar larvae 
of the dipteran Chironomus tentans“. Four animals were 
used in each experiment. Four salivary glands were ex- 
planted into 50 ul of modified Cannons medium" supplied 
with tritiated cytidine and, tritiated uridine (Amersham) at 
specific activities of 25-30 Ci mmol”. After prelabelling for 
25 or 45 min, actinomycin D (Calbiochem, Los Angeles) 
was added. The sister glands were used as control glands 
and the incubations were carried out at 18° C. Fixation, 
microdissection, extraction of RNA and electrophoresis in 
l% agarose were performed as described elsewhere- 
After the electrophoretic run, the gel slabs were treated 
with cold TCA to aid the removal of non-specific label". 
The analyses of nuclear and cytoplasmic RNA from glands 
incubated with actinomycin D showed that labelling was 
inhibited by more than 98% (ref. 16). After 90 min of 
normal labelling with tritiated nucleosides, the chromosomal 
RNA acquired nearly maximal labelling, and a large amount 
of label appeared in the cytoplasm. A total length (pulse + 
chase) of 90 min was therefore considered as a suitable 
period for incubation. 

The electrophoretic analyses of chromosomal RNA (Fig. 
la), nuclear sap RNA (Fig. 1b) and ¢ytoplasmic RNA (Fig. 
te) after 25 min of labelling and after 25 min of labelling 
plus 65 min of synthesis inhibition with actinomycin D are 
presented in Fig. 1. The profile of chromosomal RNA after 
25 min of incorporation displays the usual bimodal distri- 


Pe a OE 





ad 








(75 8) (30 S)16 S 45 
i] 


ii i 


(758) BOSH6S 4S 
o £ 


Loo 


S| 
n x 

i 
è i 


panaman 


(755) 2381684 
i } tf 
i i i 


i 


r aeoea 


ERE 
-F 


| 
| 
iva 






a id” 20 30 40-30 Ti 0 0 4030 16 30 30-4030 
Slice No. Slice No, Shee No. 


Fig. 1 Electrophoretic separations of, a, chromosomal 
RNA, b, nuclear sap RNA and, c, cytoplasmic RNA after 
25 min of labelling and after 25 min labelling+65 min of 
synthesis inhibition, Four glands from four different animals 
were placed in an incubation droplet of 50 wl containing 
100 aCi tritiated cytidine and 100 aCi tritiated uridine, and 
their sister glands were placed as controls in another 50 yl 
of the same medium. The glands were incubated at 18° C 
for 25 min, Next, actinomycin D was introduced to one of 
the droplets at a concentration of 10 wg ml~* and the glands 
were incubated for another 65 min, while the incubation of 
the control glands was stopped. After incubation the glands 
were fixed, and the cell components from five cells per 
gland were isolated by micro-dissection, The labelled RNA 
from each sample was released by pronase-sodium dodecyl 
sulphate treatment, and the electrophoresis was carried out 
in 1%, agarose gel. To remove actinomycin D and RNase- 
resistant radioactivity the gels were treated with cold TCA”. 
At the end of the run the whole gel slab was placed in a 
250 mi beaker containing 5% TCA at 4° C, and washed for 
60 min. The treatment was repeated in a new volume of 
TCA and the gel was finally washed twice for 40 min in 
1 | of distilled water at 4° C. Before radioactivity measure- 
ment, the gel was sliced and the slices were transferred to 
Packard counting vials, each containing 10 mi of toluene 
scintillator (1 1 of which contains 30 m! soluene (Packard), 
5.5 g of Permablend (Packard) and 20 mi methoxyethanol), 
incubated for 3 h at 60° C and finally counted in a Packard - 
liquid scintillation spectrometer (Model 3380). E. coli RNA 
was used as marker (23S, 16S and 4S). The position of 758 
and 30S were determined in parallel analyses of BR 2 RNA 
nucleolar RNA respectively. @, Normal cells; O, cells treated 
with actinomycin D. 

bution? with a peak in the 4S range and with label 
heterogeneously distributed in the 16-100S range. The sub- 
sequent treatment with actinomycin D for 65 min reduced . 
the labelling of chromosomal RNA to 50-60% of the control — 
values rather uniformly in the whole spectrum. The electro- 
phoretic pattern of 25 min-labelled nuclear sap and cyto- 
plasmic RNA shows only trace amounts of label in the high 
molecular weight ranges, but there is a rather distinct peak 
in the 48 region. During the ensuing 65 min of actinomycin 
D chase, no significant quantity of labelled heterogeneous 
RNA was released from the chromosomes into the nuclear 
sap. It is, of course, not possible to exclude that a release 
of heterogenous RNA to nuclear sap may take place, but 
the product must be degraded instantaneously after its 
detachment. The radioactivity profile of cytoplasmic RNA 
displays an enhanced labelling in the 4S region as an 
expression of 4S RNA transport from the nucleus to the 
cytoplasm”. There is also a slightly increased radioactivity 
level in the position of the rRNA components, but there is 
no significant increase in labelling in the range above 28S. 
Thus, in spite of the fact that a considerable reduction of 
labelled chromosomal heterogeneous RNA takes place dur- 
ing actinomycin D chase, there is no corresponding increase 
of label either in nuclear sap or in the cytoplasm. Prac- 
tically no rapidly labelled high molecular weight RNA 
moves out from the nucleus to the cytoplasm if labelling 
for 25 min is combined with 65 min actinomycin D chase. 

It is yet not understood whether nascent RNA chains 






blocked by actinomycin D are detached and then broken: he 


down or if they are broken down without leaving the tran- 
scription sites. Electron micrographs of nucleolar DNA, — 
containing nascent preribosomal RNA in ‘Christmas tree’ 
formation, show a random loss of incomplete RNA mole- 
cules during actinomycin D treatment irrespective of the 














< length of molecules (Mr F. Trendelenburg and W. W. 
© Franke, unpublished.) A random and nonphysiological re- 
lease of unfinished RNA chains may be the interpretation of 
the electrophoretic analyses of heterogeneous ‘chromosomal 
RNA showing a parallel decay of labelling in the whole 
‘spectrum after actinomycin D chase. A labelling period of 
25 min before the addition of the drug is sufficiently long, 
however, for completion of a substantial amount of 4S RNA, 
and during the subsequent actinomycin D treatment, trans- 
port of labelled 4S RNA from nucleus to cytoplasm can be 
demonstrated. 

The electrophoretic analyses of labelled RNA from 
chromosomes (Fig. 2a), nuclear sap (Fig. 2b) and cytoplasm 
(Fig. 2c) after 45 min of labelling and after 45 min of 
labelling plus 45 min of actinomycin D chase are shown in 

= Fig. 2. The pattern of labelled chromosomal RNA after 45 
min of labelling shows a bimodal distribution similar to that 
after 25 min of incubation (Fig. 2a). Whereas the labelling of 
= chromosomal RNA during 45 min of actinomycin D chase 
decayed 30-35%, the relative distribution of the hetero- 
geneous RNA remained roughly the same as in the control 
= profile. The emergence of a distinct radioactivity peak 
around the 30S region in the drug-treated glands can be 
explained by accumulation of preribosomal RNA of 

<o nucleolar origin on the chromosomes’. This appearance 
> of preribosomal 30S RNA on the chromosomes seems to be 
potentiated by treatment with actinomycin D. The electro- 

<o phoretic pattern of nuclear sap RNA after 45 min of 
o> Jabelling contains, besides a distinct 4S RNA peak, label 
= distributed rather heterogeneously in the 16-100S range, 
= with a small peak in the 75S region (Fig. 2b). The material 
distributed between 16-30S is likely to be of ribosomal 
origin”. When a normal 45 min pulse is followed by syn- 
thesis inhibition for 45 min, the radioactivity profile of 
nuclear sap RNA exhibits a decrease (30-35%) compared 
with the normal profile, except for rRNA in the 16-305 
range, which is slightly increased. The reduction of label 

is most pronounced in the 4S and 35-40S regions. The 
electrophoretic analysis of labelled cytoplasmic RNA shows 

- distinct peaks in the 4S and 18S regions and a small one in 
the 28S region (Fig. 2c). There is also a minor but significant 
peak in the 75S region”. 75S RNA as well as rRNA appears 

in the cytoplasm somewhat earlier than has been previously 
described". After 45 min of actinomycin D chase the 
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Fig. 2 Electrophoretic separation of, a, chromosomal RNA, 
b, nuclear sap RNA and, c, cytoplasmic RNA after 45 min 
dabelling and after 45 min labelling+45 min of synthesis 
- inhibition. Four glands from four different animals were 
o placed in 50 yl of incubation medium containing 100 pCi 
tritiated cytidine and 100 pCi tritiated uridine, and their 
“sister glands. were placed in another 50 ul of the same 
medium. The glands were incubated at 18° C for 45 min. 
Next, actinomycin D was introduced*to one of the droplets 
at a concentration of 10 wg mi> and the glands were 
incubated for another 45 min, while the incubation of 
control glands was interrupted. Cell components from five 
cells per gland were dissected. @, Normal cells; O, cells 
- treated with actinomycin D. 
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electrophoretic pattern displays a generally increased label- 
ling in the whole spectrum, although the increase is less in 
the highest molecular weight range. Distinct peaks can be 
seen in the 4S region and in the position of the ribosomal 185 
and 28S RNA components. An additional rather discrete 
radioactivity component emerges in the 35-405 range during 
actinomycin D chase. It can be seen that the reduction of 
labelled RNA during actinomycin D chase is largest in this 
range of the profile of nuclear sap RNA. This cytoplasmic 
35-40S RNA has characteristic labelling kinetics, and thus 
this peak is not an artefact due to actinomycin D treat- 
ment. A more extensive description of this RNA fraction 
will be presented elsewhere. 

In spite of the lack of release of prelabelled hetero- 
geneous RNA from the chromosomes during synthesis 
inhibition with actinomycin D (Fig. 1), radioactivity is in- 
creased in the high molecular weight range of cytoplasmic 
RNA (Fig. 2). This means that prelabelled nonribosomal! 


more than 80% of the increase in radioactivity associated 
with the nonribosomal cytoplasmic RNA in the 16-1005 
range can be accounted for by the decrease of label in the 
same range of the nuclear sap profile. Only 30-35% of the 
prelabelled nuclear sap RNA, however, disappears during 
45 min of actinomycin D chase. 

I have found that after 25 min incorporation of radio- 


active precursors into Chironomus tentans salivary glands, 


the chromosomal RNA is labelled, but no appreciable 
amount of label appears in the nuclear sap and cytoplasm 
except in the 4S region. During a subsequent actinomycin 
D chase for 65 min the labelling of heterogeneous chromo- 
somal RNA decreases by 40-50% but the decrease is not 
accompanied by an increase of label in the nuclear sap 
and cytoplasm except in the 4S range. A labelling period 
of 45 min is sufficiently long to allow a substantial amount 
of labelled heterogeneous chromosomal RNA to enter the 
nuclear sap and cytoplasm. If a labelling period of 45 min 
is followed by a 45 min actinomycin D chase, an export 
of nonribosomal high molecular weight RNA from the 
nucleus to the cytoplasm can be demonstrated. + 

One could explain the findings of the present work as 
follows; first, the labelled heterogeneous chromosomal RNA 
consists mainly of nascent chains or of nascent and finished 
RNA chains, all bound to the DNA template and, second, 
the appearance of finished RNA molecules (processed or 
unprocessed) in nuclear sap before the addition of actino- 
mycin D is a prerequisite for transport of labelled RNA 
from nucleus to cytoplasm. Although some qualitative 
aspects of RNA transfer from the nucleus to the cyto- 
plasm can be studied by the pulse-chase technique including 
actinomycin D, it is definitely not a method of choice for 
examining turnover rate, processing of rapidly labelled 
RNA and for quantitation of heterogeneous RNA transfer 
from nucleus to cytoplasm. This is because actinomycin D 
interferes with the completion and release of heterogeneous 
chromosomal RNA, and the contribution of nonreleasable 
label to the total labelled heterogeneous nuclear RNA 
cannot be determined in most cell systems. 

This work was supported by grants from the Swedish 
Cancer Society and from Karolinska Institutet. I thank 
Agneta Askendal for technical assistance and Dr J. Hyde 
for revising the English text. 
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Defective DNA repair in Fanconi’s anaemia 


FIBROBLASTS from patients with Fanconi’s anaemia (FA) 
show increased susceptibility to transformation in vitro by 
SV40 virus’, as well as spontaneous chromosome breakage’. 
Chromosomal instability has also been observed in cultured 
peripheral blood lymphocytes and in bone marrow cells’. 
More recently, Sasaki and Tonomura’ demonstrated an 
increasetl susceptibility of lymphocytes from patients with 
FA to chromosome breakage by DNA cross linking agents. 
These results were interpreted as an indication that FA 
cells are defective in some DNA repair mechanism. 

The studies we report here demonstrate that DNA 
repair by fibroblasts from a patient with FA is defective 
and suggest that the abnormality is due to a defect in the 
excision of DNA lesions. This is probably the result of a 
deficiency of a specific exonuclease. 

The first step in the removal of ultraviolet-induced 
thymidine dimers or any ether DNA damage which does 
not directly produce breaks in the DNA is the production 
of a single-strand scission by an endonuclease’. This can 
be demonstrated in normal cells by observing the shift in 
sedimentation of DNA, 90 min after irradiation with 
ultraviolet light, from the normal distribution to one in 
which the small DNA fragments sediment at a much 
Slower rate (Fig. la). Figure 16 shows the results of in- 
cubating the cells for 10 h after they have been irradiated. 
A fraction of the DNA shifted back toward the normal 
sedimentation peak, suggesting that repair was taking 
place. 

There was also a reduction in the S value of DNA in 
FA cells as a result of ultraviolet irradiation. Figure la 
shows that 90 min after FA cells were subjected to 
ultraviolet irradiation of 250 ergs mm~*, the major peak 
disappeared and the DNA sedimented at the lower sedi- 
mentation rate characteristic of the light DNA occurring 
in FA cells in the absence of ultraviolet irradiation. In- 
cubation of FA cells for 10 h after ultraviolet irradiation 
(Fig. 15) did not result in any shift back towards the normal 
sedimentation pattern. These results Suggest that the cells 
can produce single strand breaks after ultraviolet irradia- 
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Fig. 1 Alkaline sucrose gradient sedimentation of labelled 
DNA from normal (®) and Fanconi’s anaemia (O) fibro- 
blasts (American Type Culture Collection No. HG261) 
after ultraviolet irradiation: a, 90 min after 250 ergs 
mm™*; b, 10 h after 250 ergs mm=*. Cells were grown 
as a monolayer in minimal Eagle's medium with Earle’s 
balanced salt solution supplemented with 10% foetal calf 
Serum (inactivated), kanamycin (100 ug mi-’), and non- 
essential amino acids. Two days after seeding the medium 
was replaced by medium containing *H-thymidine (0.2 pCi | 
ml~", specific activity 50 Ci mmol~', Amersham/Searle), and 
the cultures were grown for 18-22 h at 37° C in an atmos- 
phere of 5% CO.-95% air. The monolayer cells were 
washed three times with calcium and magnesium-free phos- 
phate-buffered saline (PBS) and scraped or trypsinised from 
the flasks. The cell suspension was washed again and diluted 
to 5x 10° cells per ml with PBS. The sucrose solution was 


made with nuclease-free crystal sucrose (Schwarz/Mann). 


in double distilled water containing 0.9 M NaCl, N NaOH. 
and | mM EDTA-disodium, pH 12.2. Linear sucrose . 
gradients in polyallomer centrifuge tubes (36 ml) with a - 
concentration of 5% sucrose at the top and 20% at the 
bottom were generated by a Beckman density gradient 
former. At the top of each gradient 0.3 ml of 0.5 N NaOH 
were overlaid and 0.3 ml of cell suspension (5 x 10° cells per 
ml labelled with “H-thymidine in PBS) was gently pipetted 
in. The tubes were kept for 2 h at room temperature and 
at 4° C for 16 h. The gradients were centrifuged at 23,000 
r.p.m. for 2 h at 10° C in an SW 27 rotor of a Spinco 
Model L3-50 (Beckman) ultracentrifuge, Fractionation of 
the gradients was performed with a hypodermic needle 
pierced through the bottom of the tube and fractions were 
collected with a peristaltic pump through an automated 
fraction collector. Each fraction was precipitated by addi- 
tion of 5% trichloroacetic acid, collected on an MF Milli- 
pore filter. Radioactivity on the dried filters was determined 
by transfer to 10 ml of a toluene based scintillation cocktail 
which was counted in a Beckman LS 250 liquid scintillation 
spectrometer. 


tion, indicating the presence of an endonuclease, but can- 
not complete the repair process. 

After cells have been irradiated with ultraviolet light and 
produce a single strand break (nick) near the induced 
pyrimidine dimers, the next step in the repair process in- 
volves the unwinding of the two strands in the neighbour- 
hood of the nick and the polymerisation of a new strand 
of DNA complementary to the intact member of the DNA 


double helix’. This polymerisation can be demonstrated by ci 


unscheduled DNA syrthesis detected autoradiographically _ 
by the incorporation of *H-thymidine into the cellular DNA _ 
or, more specifically, by repair replication as assayed by 
Cleaver’. Unscheduled DNA synthesis in FA cells is com- 
parable with that which occurs in normal cells (Fig. 2). 





















umber of grains over the nuclei of the irradiated cells, 
reused as a function of the dose of irradiation and there 
as no distinguishable difference between ‘the relative 
number of grains in FA cells and normal cells. 
Unscheduled DNA synthesis was induced by treating FA 
cells with 4-nitroquinoline-N-oxide (4NQO), a carcinogen 
~~ known to induce unscheduled DNA synthesis and replica- 
‘tion repair synthesis in human cells (our unpublished 
studies). This agent induced no unscheduled DNA synthesis 
in the cells of patients with xeroderma pigmentosum™, 
suggesting that it does not produce single-strand breaks 
directly. The fact that it induced unscheduled synthesis in 
FA cells suggests that they can make single-strand scis- 
sions after treatment with 4NQO as well as after irradia- 
tion with ultraviolet light. 
To complete the repair of ultraviolet-induced DNA 
< damage, it is necessary for the damaged strand to be ex- 
.-eised so that the newly synthesised strand can be linked 
‘by phosphodiester bonds to the end of the remaining por- 
tion of the damaged strand. This is generally considered to 
be the function of a specific exonuclease. Exonucleases 
© which seem to be specific for ultraviolet-induced damage 
have been isolated from cells’. The excision of thymidine 
= dimers can be demonstrated by measuring the dimer con- 
tent of irradiated DNA immediately after irradiation and 
again after irradiated cells have been incubated for a repair 
=. period. After the irradiation the number of dimers detect- 
“able in the DNA diminishes’. Figure 3 shows the results 
‘of an experiment in which normal cells were exposed to 
various doses of ultraviolet light and the number of 
. dimers was determined in the DNA immediately and after 
a 24 h incubation. The number of thymidine dimers was 
a function of the ultraviolet dose over the range examined 
and after 24 h a large fraction of the dimers had been 
=o removed from the DNA of the normal cells. 
When FA cells were subjected to the same doses of 
ultraviolet irradiation, the number of dimers measured 
immediately was essentially the same as seen in normal cells 
=o (Fig. 3). During a 24 h postirradiation period, however, 
= FA cells could remove only a small fraction of the 
induced dimers. This difference was not apparent at 
ultraviolet doses below 150 ergs mm’, possibly because 
the FA cells could remove during the 24 h incubation, 
















80 j 
© 
i 60 
5 
= 
Go 40 y 
© 
20 + 
ba 8 300 460 600 800 is 
: Ultraviolet dose (erg mm ~?) 
Fig. 2 Effe of ultraviolet irradiation on grain count of 
‘normal fibroblasts (@) and FA fibroblasts (©). Cells on 


coverslips were rinsed with PBS and pulsed with *H-thy- 
midine (2 pCi ml*, 50- Ci mmol’) for 1 h to identify cells 
in S phase. After ultraviolet irradiation at various doses, 
cells were exposed to “H-thymidine again for 2 h. Auto- 
radiographs were prepared and the average grain count over 
lightly labelled cells was determined after a 2-week exposure. 
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Fig. 3 Comparison of excision of thymine-containing 
pyrimidine dimers from ultraviolet-irradiated, “H-thymidine- 
labelled normal human fibroblasts and fibroblasts from a 
patient with FA: normal human fibroblasts immediately 
after irradiation (@) and 24 h after irradiation (O); FA cells 
immediately after irradiation (*) and 24 h after irradiation 
xx Cells growing in a glass Petri dish were labelled with 
'H-thymidine (5 Ci mi~, 50 Ci mmol~’). Cultures were 
then rinsed with PBS and irradiated with ultraviolet light 
at a dose rate of 10 ergs mm? s7'. After irradiation some 
cultures were fixed immediately with perchloric acid in the 
cold. Others were rinsed with PBS and allowed to grow for 
24 h and then fixed. 5x 10° cells were scraped into a Pyrex 
tube (7.5x 100 mm) and precipitated with 5% trichloro- 
acetic acid. The precipitate was washed, dried and hydro- 
lysed in 0.2 mi of 98% formic acid by heating at 175° C 
for 2 h. The hydrolysates were spotted on a sheet of 
Whatman No. 1 paper for two-dimensional chromatography 
and the percentage of radioactivity was measured. This 
method cannot distinguish the difference between normal 
and FA with an ultraviolet dose below 150 ergs mm’. 
Either FA cells demonstrate normal excision at a low dose 
of ultraviolet light or the method is not sufficiently sensitive 
to detect it. 


the relatively small number of dimers produced by lower 
doses of ultraviolet light. This indicates that although 
the FA cells could produce the endonucleolytic scission 
as the first step of the repair process and could poly- 
merise nucleotides to repair or replace the damaged 
strand of DNA, they were deficient in the ability to re- 
move the strand of DNA bearing the abnormal thymine 
dimers. j 

We have demonstrated that FA cells possess most of 
the functions required for the repair of ultraviolet-induced 
DNA damage. They can produce single strand scissions 
in response to pyrimidine dimer induction and they can 
polymerise nucleotides into a new complementary strand 
to replace that damaged portion of the DNA molecule. 
However, they seem to be deficient in an exonuclease 
function which removes the damaged strand of DNA 
after the endonucleolytic strand scission has been made. 
It is interesting that the FA cells studied seem capable 
of rejoining X-ray-induced strand breaks, suggesting that 
ligase activity is present (our unpublished data). 

Regan et al. have stated that FA cells can normally 
excise ultraviolet-induced pyrimidine dimers'’. The reason 
for the discrepancy between their results and ours is not 
clear, but may relate to their use of lower doses of 
ultraviolet irradiation. Our studies have demonstrated that 
a dose of at leaste 150 ergs mm’ is necessary to 
demonstrate a difference between normal and FA cells. 
Thus, although FA cells do not seem to be as sensitive to 
ultraviolet light as xeroderma pigmentosum cells, they 
are more sensitive than normal cells. In fact, our results 
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indicate that exonuclease activity is not completely lack- 
ing. This may also explain the lack of ultraviolet-induced 
skin cancer in these patients. 

Another possibility is that different cell lines were 
studied. Our studies have all been performed on one 
strain of fibroblasts (American Type Culture Collection) 
originally obtained from a patient with FA. Therefore 
we cannot yet conclude that the findings are characteristic 
of all FA cells. Nevertheless, they are interesting since 
they demonstrate a failure of DNA repair at a site not 
previously described. 
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Introduction of mouse L cell nucleus 
into heterologous mammalian cells 


Harris’ first achieved the introduction of a chick 
erythrocyte nucleus into other nucleated mammalian cells, 
without any detectable incorporation of chick erythrocyte 
cytoplasma, using inactivated Sendai virus. Since then 
chick erythrocyte nuclei have provided a way of investigat- 
ing the genetic regulation of nuclear synthetic activities in 
the presence of a genetically disparate cytoplasm and 
nucleus**. Similar studies with nuclei from other mam- 
malian cells have been presented, however, by the lack of 
a method for obtaining nuclei suitable for introduction 
into another type of cells. 

When Carter’ first reported the enucleation of mam- 
malian cells by the drug cytochalasin B, a metabolic pro- 
duct of the fungus Helminthosporium dematioideum, he 
predicted that the separated nuclei and the enucleated 
cytoplasma might be used in nuclear exchange experiments. 
Since then the fusion of enucleated cells of one type with 
nucleated cells of another type has been achieved™*, During 
our earlier electron microscopic studies’* on the enuclea- 
tion of mouse L cells with cyclochalasin B we observed 
that the nucleus ejected from the cell carried along with 
it a very thin rim of cytoplasm within the plasma mem- 
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brane. As the fusion of cells induced by the inactivated 
Sendai virus is believed ta invo!ve the fusion of two plasma 
membranes it seemed possible to fuse the nuclei obtained 
from cytochalasin B-treated cells with other types of cells. 
Here we report the introduction of mouse L cell nuclei, 
prepared by treating the cells with cytochalasin B, into 
nucleated human HeLa cells with the aid of inactivated 
Sendai virus. 

Mouse L cells (clone 929) used for obtaining the nuclei 
were grown on the surface of plastic Petri dishes as mono- 
layers in Eagle’s medium containing 15% calf serum, 100 
units mi~’ of penicillin and 100 ug mi~ of streptomycin 
(GM). The cultures were prelabelled with tritiated thy- 
midine; before use, 100 aCi of ‘H-thymidine was added to 
the cultures every 6 h for a total of 42 h. This resulted in 
the labelling of almost every cell. Such prelabelled sheets 
of L cells were treated with cytochalasin B to bring about 
enucleation*”. The method used was a modification of the 
technique described by Prescott ef al’. 

Briefly, it consisted of inserting plastic Petri dishes carry- 
ing adherent cell sheets into stainless steel centrifuge tubes. 
The tubes contained BM supplement with 1 wg ml~ of 
amphotericin B and 5 yg ml` cytochalasin B (Serva, 
Feinbiochemica, Heidelberg) predissolved in dimethyl- 
sulphoxide (DMSO) at a concentration of 1 ug mli-', Cen- 
trifugation at room temperature for 45 min at 10,000g 
resulted in almost complete enucleation. The Petri dishes 
were inverted on the bottom of the test tubes (cell side 
facing down) so that the plane of cell layer was at an angle 
of 37° +2° to the line of centrifugal force. 

The addition of amphotericin B to the reaction mixture 
facilitated the cytochalasin B-induced enucleation process 
(unpublished results). The sediment at the bottom of the 
centrifuge tubes consisted mainly of L cell nuclei, Figure 
1 shows the enucleation phenomenon. Observed under the 
electron microscope the extruded nuclei reveal the pre- 
sence of a thin rim of cytoplasm around them containing 
ribosomes, very rarely one or two mitochondria and a few 
fragments of endoplasmic reticulum, It was itself enclosed 
by a plasma membrane (Fig. 2). 

The L cell nuclei were introduced into human HeLa cells 
maintained in GM. These cells (10°) were seeded in Leigh- 
ton tubes containing glass coverslips and incubated at 
37° C. After 48 h, the culture medium was removed and 
the cell sheet was layered with a thin suspension of L cell 
nuclei and 500 haemagglutinin units of Sendai virus (in- 
activated with 0.06% £8-propiolactone’’). The cultures were 





Fig. 1 


L cell enucleation by cytochalasin B. a, during 
extrusion from the cells, nuclei are connected to the cells 
by thin cytoplasmic processes (arrows); b, Nuclei ejected 
from the cell cytoplasm show prominent nucleoli (arrows). 
Giemsa stain ( x 528). 
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kept in the cold for 10 min followed by incubation at 37° C 
for | h. Fresh GM was added after washing off the excess 
nuclei and inactivated virus. Some of the coverslips were 
processed immediately for autoradiography but other cover- 
slip cultures were incubated further and examined at 
regular intervals. 

The presence of labelled L cell nuclei near the unlabelled 
HeLa cell nucleus (Fig. 3b) provided unequivocal evidence 
of the introduction of the L cell nuclei into HeLa cells. 
Approximately 10% of the cells were binucleate hetero- 
karyons (Fig. 3a), the remaining being multinucleate 
heterokaryons, homokaryons or mononucleate HeLa cells. 
(Heterokaryons and somatic cell hybrids are the terms 
generally reserved for cells arising following the fusion of 
two or more genetically different types of cytoplasms and 
nuclei and as such have been used here.) 

The presence of L cell membrane properties on the cell 
surface of heterokaryons provided evidence for the effec- 
tive functioning of the introduced L cell nucleus. Mouse 
species-specific antigens were detected by the mixed 
haemadsorption technique’'*. L cells carry on their surface 
a type C virus-induced antigen and this was detected on 
heterokaryons by indirect membrane immunofluorescence 
using anti-Moloney virus serum as described by Feny6 
et al.. HeLa cells showed complete absence of these surface 
properties. 

The multinucleate heterokaryons and homokaryons 
gradually disappeared from the culture within 1-2 weeks, 
leaving behind either mononucleate hybrid cells or HeLa 
cells. The recognition of hybrid cells presented no problem 
as their cytoplasm was not well spread and the nucleus 
was frequently larger than the HeLa cell nucleus. These 
hybrids continue to express some of the L cell surface 
traits. A detailed account of the studies on the karyotypic 
analysis of these hybrids and their antigenic properties will 
be reported alsewhere. 

The possible contamination of these hybrids with a small 
amount of L cell cytoplasm, which remains attached to the 
L cell nucleus, cannot be excluded. It seems unlikely, how- 
ever, that such a small amount of cytoplasm in the hybrid 
will have any controlling effect on the expression of nuclear 
functions as it would be rapidly diluted out in the hybrid 
progeny cells. 





Fig. 2 Electron micrographs of the ejected L cell nuclei. 

a, Ejected L cell nucleus, n, surrountied by a thin fragment 

of the cell cytoplasm, cy, containing some of the cytoplasmic 

organelles (x 8,200); b, Enlarged portion of the ejected 

L cell nucleus showing a distinct plasma membrane (arrows) 

surrounding the cytoplasmic fragment, cy, which in turn 
encloses the’ nucleus, m (x 24,000). 
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Fig. 3 a, Phase contrast photomicrograph of a HeLa cell 
containing the introduced large L cell nucleus (arrow). Note 
the relatively small HeLa cell nucleus (long arrow) ( x 1,125); 
b, Autoradiograph of a heterokaryon containing unlabelled 
HeLa cel! nucleus (long arrow) and the labelled. L cell 
nucleus (arrow) within HeLa cell cytoplasm. The L cells 
were grown in *H-thymidine before the nuclei were removed 
and introduced into HeLa cells (= 1,418). 


Our demonstration of the introduction of L cell nuclei 
into HeLa cells makes possible the introduction of tsolated 
mammalian cell nuclei into enucleated cells, thereby allow- 
ing true nuclear exchange experiments which have been 
previously impossible with mammalian cells. 
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A MEMBRANE fragment of human lymphoid cells obtained by 
papain digestion has been found to be composed of two 
subunits which differ in molecular weight!’*. The heavy molecular 
weight subunit (33,000 daltons) carries the HL-A serologically 
defined (SD) antigens while the light molecular weight subunit 
(11,000 daltons) carries antigenic determinents reacting with 
antiserum directed against B, microglobulin (B,m)*"*, Treat- 
ment of human lymphocytes with antisera directed against 
the HL-A SD antigens results in capping of these antigens”; 
addition of Bam antibody to lymphocytes will likewise cause 
capping of the HL-A SD antigens®-’. Furthermore, activation 
of lymphocytes in mixed leukocyte culture (MLC) can be 
inhibited by Bam antibody®?", These data suggested to the 
investigators®!” that the HL-A subunit and/or the Bam subunit 
may be part of the same receptor complex of the T lymphocyte. 
This concept is supported by the recent studies of Bam demon- 
strating extensive homology between Bam and the constant 
regions of the heavy chain (and the light chain) of immuno- 
globulin IgG,™??, Consequently Bam was thought to have a 
recognition function similar to that of immunoglobulin. 

Lymphocytes stimulated by allogeneic cells in MLC specifi- 
cally destroy target cells autologous to the stimulating cells}. 
Effector cells generated in MLC are thought to be thymus- 
derived (T) cells, We wish to report here that preincubation of 
MLC-generated effector cells with Bam antibody has no effect 
on their ability to specifically recognise and destroy target 
cells autologous to the sensitising cells. Preincubation of target 
cells with anti Bem antibody resulted in enhancement of cyto- 
toxicity due to an antibody-dependent cell-mediated cyto- 
toxicity. , 

The purification of lymphocytes, generation of effector cells 
in MLC and preparation of *'Cr-labelled target cells has been 
previously described'*-%, Anti-B,m antiserum was prepared 
in New Zealand rabbits'*. All sera were decomplemented by 
heating at 56° C for 30 min. The anti-B,m was rendered specific 
by absorption with lyophilised human serum, lyophilised urine 
of normal individuals and erythrocyte membranes. The anti- 
serum gave a single precipitin line on Ouchterlony immuno- 
diffusion plates and immunoelectrophoresis with pure Bam 
and with sera from patients containing large amounts of Bam. 
Addition of purified Bm to the antiserum completely eliminated 
the enhancement of cytotoxicity when the target cells were 





preincubated with Bam antibody. For preincubation of eff 
or target cells, a volume of 50 ul of undiluted Bem antise T 
or normal rabbit serum was added to 0.1.ml of lymphoc: 
(2 x 10°) and incubated at 4° C for The cells were ce 
fuged (400g) for 10 min, washed three 3 
media 199 (TC-199) and used immedi 
reaction. The target cells were label 
bation with the Beam antiserum. —. 
The cytotoxicity reaction was ¢ 
plates with 1 x 10° effector cells and 
contained in a total volume of 0.2 ml TC-19 
20% human frozen pooled plasma. The Hat 
for 4 h at 37°C in an atmosphere of 5% CO, and 95% ai 
Then the plate was centrifuged, an aliquot | moved and 
*1Cr release monitored as previously described’. All reactions 
were done in triplicate. — E o 
As demonstrated in Table 1, lymphocytes of individual A 
were sensitised in MLC to the histocompatibility antigens o 
individuals B or C. The degree of stimulation was meas 
by *H-thymidine incorporation. The allogeneic combin 
AB or AC produced good stimulation while the a 
combination (AA) produced relatively little AH 
incorporation. After 6 d, ®'Cr labelled lymphobl 
added to the responder cells (ow termed effect 
Significant “Cr release was obtained when the targe 
sitmulator cells were autologous (AB/B). When the stim 
and target were allogeneic (AC/B) no ™Cr release was di 
strated. In addition, when the responder-stimulator combi 
was autologous (AA/B) or when the target and responde 
were autologous (AB/A) no “Cr release was obtained 
incubation of the sensitised effector cells with the 
serum had no significant effect on the ability of th 
specifically destroy target cells. Preincubation of the tar ge 
with the same concentration of anti-B,m resulted in an enh 
ment of the cytotoxicity, which was due to an antibor 
dependent cell-mediated type of cytotoxicity first describ 
Moller”. In this type of cytotoxicity unsensitised lymphocy tes 
perform equally well as effector cells. As demonstrated in Tab 
1, unsensitised lymphocytes (A) used as effector cells again 
target cell (B) produced excellent *'Cr release. The. Be 
serum was used in the experiments reported here at 
dilution of one to three. Complete inhibition. of N 
produced with this same antiserum at a dilution 1 to: 
Antisera directed against either Bam or the SD antige 
HL-A complex inhibit the MLC. In addition, Bam and 
antigens have been shown to be associated on the lymp 
membrane. These facts, in addition to the homology. bet 
Pam and the constant domains of IgG, have led several 








































Table 1 Effect of B, microglobulin antibody on effector and target cells 


51 r Release* 












Responder/stimulator | MLC Target Preincubation serum ScD irre! 
Mean c.p.m. + s.d. (cells preincubated) Exp. value Exp. value minus Rete a 
mean + s.d. spontaneous release Release oo 
AB 31,873 + 2,461 B normal rabbit 3,547 + 231 1,980 OF 
(target and effector) Rea oe 
AA 795 + 382 B 1,591 + 84 24 o 
AB 31,873 + 2,461 A 1,533 + 125 — 34 S 
AC 41,954 + 3,412 B 1,727 + 107 160 a 
AB 31,873 + 2,461 B anti-B,m 3,641 -+ 54 2,074 i 
(effector) 
AB 31,873 + 2,461 B anti-B,m 2,874 + 73 2,156 
(target) 
AB 31,873 + 2,461 B anti-B,m antibodies 1,899 + 171 1,181 
with Bm š 
Ei (target) 
A (unsensitised) B anti-B.m 


(target) 


! l AF ; 
"Cr release = Sn x 100 






2,861 + 56 2,143 94.8 






Frozen thawed—spontaneous release 





gators to suggest that the Bam subunit and the alloantigenic 
subunit are closely associated with the lymphocyte receptor”. 
Convincing evidence has been put forward demonstrating that 
the genetic loci responsible for stimulation in MLC are separate 
from the HL-A loci coding for the SD antigens*'~**. Evidence 
from several laboratories!®*° have suggested that effector cells 
generated in MLC recognise only SD antigens. Therefore, the 
receptor sites on the T cells responsible for cell destruction are 
presumably directed toward the SD antigens. Our data suggest 
that the receptor sites responsible for the recognition do not 
seem to be associated with Bam. In addition, Poulik et al. 
have demonstrated that there is no association between Bam 
and surface immunoglobulin on the membrane of human B 
celis®. One cannot rule out the possibility that the receptor 
which recognises the gene product of the MLC loci is of a 
different type (that is, associated with Bam) than that responsible 
for cell destruction. 

The relationship between Bam and the antigen on the target 
cell responsible for cell mediated cytotoxicity is unclear because 
of the interference by the antibody-dependent cell-mediated 
cytotoxicity. This problem can be eliminated by using F(ab), 
of the Bam antibody in the cytotoxicity reaction. Experiments 
toward this end are in progress. 
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New alloantigen genetically linked to the 
major histocompatibility locus of the mouse 


THE mouse H-2 locus and its genetic homologue, the HL-A 
locus in man, are much more complex than originally 
envisaged, and are now referred to as the major histo- 
compatibility complex (MHC). Transplant rejection is 
more closely correlated with mixed lymphocyte reaction 
(MLR) than with tissue typing™® and in addition to an 
MLR region in the MHC other regions are of obvious 
importance in the context of recognition, for example 
the immune responsiveness regions (/r)*. The only gene 
products of the MHC so far characterised are those recog- 
nised serologically by ‘tissue typing’ antisera, that iS, 
H-2 antigens and their homologues in other species. These 
products are not the only substances involved in the fate of 
allografts; indeed sensitisation against an allograft seems 
to require MLR differences although serologically detected 
components have an, as yet undefined, role in the effector 
arc of rejection’™". 
MHC gene products other than H-2 (HL-A, and so on) 
may be primarily involved in graft rejection, the only 
in vivo studies pointing strongly in that direction were 
carried out in the rat enhancement model”. In these 
studies rat heart allografts were passively enhanced by 
alloantisera from which Ag-B (the H-2 homologue in rats) 
antibodies had been removed by absorption with appropri- 
ate red blood cells (RBC), which suggests a role for anti- 
bodies directed against other products of the MHC. 

MLR and graft-versus-host reactions may occur in the 
absence of serological differences at the MHC? and since 
genetically engineered situations have led to the detection 
of new T- and new B-cell associated antigens in the mouse 
system''~'", great importance attaches to the definition of 
other products controlled by the MHC. Here we describe 
some properties of a gene product found on thymus-derived 
lymphocytes and determined by a gene near the K-end of 
the MHC. 

In a complement-dependent cytotoxicity test, an anti- 
serum (kxb anti-d) prepared in (B10.Br X C57BL/6)ri mice 
by immunisation with DBA/2 spleen cells showed, after 
absorption with B10.D2 or BALB/c (H-2") RBC, only 
25-30% “Cr release with B10.D2 lymph node target cells. 
This target cell is used to provide a congenic system; hence 
genetic markers not related to the MHC remain undetected. 
A membrane suspension from BALB/c spleen cells was 
solubilised by controlled papain digestion, fractionated on 
DEAE Sephadex-A50, and six peaks eluted stepwise 
at (1) 0.05 M, (2) 0.1 M, (3) 0.15 M, (4) 0.2 M, (5) 0.25 M 
and (6) 0.5 M NaCl were collected". Fractions 3 and 4 
contained the H-2 activity (H-antigens). These six fractions 
when monitored with the RBC absorbed antiserum, showed 
a totally different pattern: only fraction 5, eluted with 
0.3 M NaCl showed specific inhibition of immune cytolysis 
(160 IDs units mg’). An included fraction corresponding 
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Fig. 1 Polyacrylamide gel electrophoresis, a, Serological 
profile of a highly purified antigen fraction. Gel slices 
(1 mm) were eluted, dialysed and freeze dried, and the 
material was tested for alloantigenic activity by inhibition 
of complement-dependent lysis (Cr release). For this 
purpose an H-2 alloantiserum was first absorbed with red 
blood cells from H-2* mice’. Inhibition of immune cytolysis 
(O----O), The position where H-antigens would be found in 
the same system’? is indicated by the horizontal bar. 
b, Staining pattern of the new alloantigen: migration is 
from — to +. The discontinuous system used in the present 
work has been described in detail previously’, ¢, Isotacho- 
phoresis of the same fraction, performed as detailed else- 
where™’, pH measurements were carried out in the gel 
eluates (1 mm fractions). The position (pH) where H-2 
antigens would appear but which were removed by previous 
DEAE chromatography, is indicated by arrows. A specificity 
check was performed in parallel (not shown) using a RBC- 
absorbed B10.D2 anti-B10.A antiserum with B.10A target 
cells. Inhibition of immune cytolysis (O—~-O); 

(@- ~ -@), FRC=full release control, indicating 100% 

“Cr release. 


to an apparent molecular weight of 36,000 (1,700 ID, 
units mg™') was isolated by Sephadex G-100 chromato- 
graphy. On SDS electrophoresis this fraction migrated 
with an average M. of 34,000. After elution from poly- 
acrylamide gel electrophoresis, a serologically active peak 
was obtained at a relative migration value of about 0.67, 
corresponding to a single band in a stained gel run in 
parallel. For comparison, H antigens migrated in the same 
system with Rr values of about 0.4. A further purification 
on DEAE Sephadex-A50 provided an active fraction with an 
electrophoretic and serological pattern as depicted in Fig. 
la and b. Fig. 1c shows the pI (pH 4.6) of this substance 
compared to about pH 5.0 (H-2.31) and 5.4 (H-2.4) for 
H antigens. Furthermore this material contains 0.57 mol 
SH per mol protein as determined by DTNB (ref, 20). 

Previous results indicated that desorption of papain- 
solubilised H-antigens reacting with H-2.34 antisera occurred 
later than the main H-2 fraction on ion exchange chroma- 
tography”. The reactivity of the RBC-absorbed H-2 anti- 
serum wth the new antigen was, however, unimpaired after 
the antiserum had been further absorbed with DBA-!I 
(H-2) lymph node cells, thus eliminating H-2.34. A genetic 
linkage to the MHC is clear since the antiserum used was 
obtained from (B10.Br x C57BL/6)m mice providing con- 
genicity with the B10.D2 target cells, 

When tested for D-end activity, two antisera (K*D*x 
K*D*) anti K*D* (Fig. 2a) and (K*D'X K"pD"™) anti K*D* 
(Fig. 2b) showed no residual titre using K*D* or K*D* target 
cells respectively. This indicates that the residual cytotoxicity 
observed in Fig. 2b for the H-2.31 antiserum and in Fig 2c 
1s a K-end reaction and that the antigenic product is con- 
led by gene(s) located near the K-end of the MHC. 
of particular significance in this context that the Ir 
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Fig. 3 DE-52 chromatography pattern of u thymus cell 
membrane preparation solubilised with papain (1:100, 1 h, 
37° C) and previously run on a P-300 Biogel column. The 
DEAE column was developed with a linear NaCl gradient 
(0.0 M-0.3 M) in a total volume of 750 mi 0.05 M Tris-HCl 
buffer, pH 8.0. Fractions of 5 mi were collected. The H-2 
serological activity (@- — -@) was measured by inhibition of 
complement-mediated cytotoxicity ('Cr release) and is shown 
to be confined to the region of pool B. Pools (A to E} were 
made as indicated. Note the magnitude of pool D. Using 
an H-2¢ thymus preparation the specific activity (1Ds50 units) 
obtained with the RBC absorbed antiserum for pool D was 
2.5 times (380 U meg) the activity recovered from com- 
parable spleen material prepared under identical conditions. 


the H antigens mentioned previously. An association of 
the present antigen with T cells comes from two sources. 
First, target lymph node cells treated with anti“ serum, 
which gave a 50% kill, did mot lead to the two-fold titre 
increase expected if the antiserum were B-cell reactive. 
Second, when thymocyte membranes were extracted and 
fractionated by ion exchange chromatography as described 
previously”, the major component present (pool D) had 
identical physicochemical and serological properties to the 
antigen isolated from spleen cells (Fig. 16 and Fig. 3). This 
despite the fact that under normal conditions thymocytes 
are not a target for complement-mediated lysis by this 
antiserum. Thymocytes therefore contain the antigen 
(tentatively called R1.1) which is exposed, however, only 
on extrathymic cells. Recently several new specificities 
not attributable to D- or K-end gene products have been 
described (see refs 14, 16). Whereas these seem to be B-cell 
features, the antigenic products we describe here has 
T-cell affinities. Like other MHC gene products, the bio- 
logical significance of this new substance remains to be 
determined. 
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Institutes of Health, Bethesda. 
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Generation of antistreptolysin O 
activity in contaminated sera 


THE ability to lyse erythrocytes of reduced streptolysin O, 
produced by strains of Lancefield’s group A streptococci 
apparently results from attachment to membrane cholesterol. 
Cholesterol in aqueous emulsion will inhibit streptolysin 
activity at concentrations of about 1.0 ag ml~’ (ref. 1). Sera 
contaminated with bacteria can occasionally give false posi- 
tive tests for anti-streptolysin antibody but the underlying 
mechanism has never been defined. We have excluded the 
possibility that bacterial contamination leads to release of 
free cholesterol from either ester-bound or protein-bound 
cholesterol by showing that (1) cholesterol added’ to con- 
taminated sera showing positive antistreptolysin activity is 
bound to the same extent as in normal serum, and (2) that 
ultrafiltrates of such contaminated sera do not contain free 
cholesterol. Therefore it seemed likely that bacteria in 
serum might release proteolytic enzymes which would cleave 
the streptolysin molecule. But the studies reported here 
indicate that the system is more complex. 

Organisms were subcultured from single colonies on agar 
plates into 1.0 ml amounts of a horse serum-nutrient broth 
mixture 2:3 v/v). After incub&tion at 37° C for various 
periods, cultures were serially diluted in phosphate-buffered 
saline (0.15 M; pH 6.5) and antistreptolysin activity 
measured’. Results were expressed as that dilution of cul- 
ture which gave 50% lysis of added human erythrocytes in 
the presence of 1.0 IU of streptolysin. Table 1 shows the 
distribution of positive activity in a number of common 
genera of microorganisms. 

Most strains of Pseudomonas were positive (90%). Coagu- 
lase positive staphylococci showed an 86% positive rate as 
distinct from 32% for Staphylococcus albus. Strains of 
Enterobacteriaceae such as Escherichia coli and Preteus 
species were uniformly negative as were bacillus species, 
Haemophilus, streptococci, pneumococci and Candida 
species. One positive strain of Neisseria catarrhalis was de- 
tected and one positive strain of Clostridium hastiforme. 
Staphylococcal strains gave positive results with both aerobic 
and anaerobic cultures. In all cases positive activity appeared 
slowly after 36-48 h end was maximal after 4-6 d incuba- 
tion. 

Investigation showed that serum is essential, broth cul- 
tures themselves having no antistreptolysin activity. Con- 
centrations of serum less than 2.0% gave poor results, 








= Nature Vol. 250 July 19 1974 
Recent scientific and technical books 


_. Mathematics 
BARROS-NETO, Jose. An Introduction to the Theory of Distributions. 


(Pure and Applied Mathematics: a Series of Monographs and Textbooks.) 
ay ix+221. ISBN-08247-6062-X. (New York: Marcel Dekker, Inc., 1973.) 

14, i 

BELL, D. J. (edited by). Recent Mathematical Developments in Control. 
(Proceedings of a Conference held at the University of Bath in September 
1972.) Pp. xiv+446. ISBN-0-12-085050-8. (London and New York: Academic 
ne a subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) £10.80; 

DEURDONNE, J. Introduction to the Theory of Formal Groups. (Pure 
and Applied Mathematics: a Series of Monographs and Textbooks.) Pp. 
xii +265. ISBN-0-8247-6011-5. (New York: Marcel Dekker, Inc., 1973.) n.p. 

EASTHAM, M. S. P. The Spectral Theory of Periodic Differential 
Equations, (Texts in Mathematics.) Pp.x +130. ISBN-7011-1936-5. (Edin- 
burgh and London: Scottish Academic Press, 1973. Distributed by Chatto 
and Windus, Ltd., London.) £2.50 net. 

EDWARDS, Jun., C. H. Advanced Calculus of Several Variables. Pp. 
x+467. ISBN-0-12-232550-8. (New York and London: Academic Press, a 
subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) $15.50. 

ERDOS, Paul. The Art of Counting: Selected Writings. Edited by Joel 
Spencer, (Mathematics of Our Time, Vol. 5.) Pp. xxili+742, ISBN-0-262- 
19116-4. (Cambridge, Mass., and London: The MIT Press, 1973.) $22.50. 

GAAL, Steven A. Linear Analysis and Representation Theory. (Die 
Grundlehren der Mathematischen Wissenschaften in Einzeldarstellungen mit 
besonderer Berucksichtigung der Anwendungsgebiete, Band 198.) Pp. 
ix+688. ISBN-3-540-06195-9, (Berlin and New York: Springer-Verlag, 
1973.) 124 DM; $55.80. 

GANS, David. An Introduction to Non-Euclidean Geometry. Pp.xii+ 274, 
ISBN-0-12-274850-6, (New York and London: Academic Press, a subsidiary 
of Harcourt Brace Jovanovich, Publishers, 1973.) $10.95. 

GREUB, Werner, HALPERN, Stephen, and VANSTONE, Ray. Connec- 
tions, Curvature, and Cohomology. Vol. 2: Lie Groups, Principle Bundles, 
and Characteristic Classes, (Pure and Applied Mathematics: a Series of 
Monographs and Textbooks, Vol. 47-IL.) Pp.xix+541. (New York and 
London: Academic Press, a subsidiary of Harcourt Brace Jovanovich, 
Publishers, 1973.) $35. 

KRALL, Allan M. Linear Methods of Applied Analysis. Pp. xiv + 706. 
ISBN-0-201-03903-6. (Reading, Mass. and London: Addison-Wesley Publish- 
ing Company, 1973.) n.p. 

LANGLEY, Russell. Practical Statistics for Non-Mathematica] People. 
Pp.399. ISBN-0-7153-5039-0. (Newton Abbot: David and Charles, 1973. First 
published 1968.) £2.95 net. 

NIEVERGELT, Jurg, FARRAR, J. Craig, and REINGOLD, Edward M. 
Computer Approaches to Mathematical Problems. Pp.xiii+ 267. {Englewood 
Cliffs, NJ.: Prentice-Hall, Enc., 1974.) n.p. : 

ROBERTS, A. Wayne, and VARBERG, Dale E. Convex Functions. 
(Pure and Applied Mathematics: a Series of Monographs and Textbooks.) 
Pp.xx+300. ISBN-0-12-589740-5. (New York and London: Academic Press, 
a subsidiary of Harcourt, Brace Jovanovich, Publishers, 1973.) $19.50. 

KAUFMANN, A. Reliability: a Mathematical Approach. Translated by 
Alexander Graham. (Transworld Student Library.) Pp.96. ISBN-0-$52-40009- 
2.. (Ealing, London: Transworld Publishers, Ltd., in association with 
Richard Sadler, Ltd., 1972.) 70p. 

WALLACH, Nolan R. Harmonic Analysis on Homogeneous Spaces. 
(Pure and Applied Mathematics: a Series of Monographs and Textbooks.) 
ATA ISBN-0-8247-6010-7. (New York: Marcel Dekker, Inc., 1973.) 

75, 


+ 


Astronomy 


ALLEN, C. W. Astrophysical Quantities. Third edition. Pp.x+310. ISBN- 
0-485-11150-0. (London: The Athlone Press, University of London, 1973. 
Distributed by Tiptree Book Services, Ltd., Tiptree, Essex.) £6.25 net, 

BROWN, Peter Lancaster. Comets, Meteorites and Men. Pp.255+ 51 
photographs. ISBN-0-7091-3916-0. (London: Robert Hale and Company, 
1973.) £3.20 net. 

JOHN, Laurie (edited by). Cosmology Now. Pp.168+8 plates. (London: 
British Broadcasting Corporation, 1973.) £2.75. 

KAPLAN, S. A., and TSYTOVICH, V. N. Plasma Astrophysics. (inter- 
national Series of Monographs in Natural Philosophy, Vol. 59.) Pp.xiii+302. 
ISBN-0-08-01790-7. (Oxford and New York: Pergamon Press, 1973.) £9.50. 

THE AMERICAN EPHEMERIS AND NAUTICAL ALMANAC for the 
year 1975. Pp.viii+ 568. (Washingtpn, DC: Nautical Almanac Office, United 
States Naval Observatory; London: Her Majesty’s Nautical Almanac Office, 
Royal Greenwich Observatory, 1973. For sale by US Government Printing 
Office, Washington, DC.; and HMSO, London.) $8.30. 


Physics 


BARFORD, N. C. Mechanics, Pp.xv+391. ISBN-0-471-04840-2. (London 
and New York: John Wiley and Sons, 1973.) n.p. 

BELINFANTE, F. J. A Survey of Hidden-Variables Theories. (Inter- 
national Series of Monographs in Natural Philosophy, Vol. 55.) Pp. xix +- 354, 
(Oxford and New York: Pergamon Press, 1973.) £8. 

BLAKELY, J. M. Introduction to the Properties of Crystal Surfaces. 
(International Series on Materials Science and Technology, Vol. 12.) 
ees ISBN-0-08-017641-0. (Oxford and New York: Pergamon Press, 
1973. 50. 

CONN. G. K. T., and FOWLER, G., N., Essays in Physics, Vol. 5, 
Pp.224. ISBN-0-12-184805-1. (London and New York: Academic Press, a 
Subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) £3; $8.50. 

ELLIOTT, R. J., and GIBSON. A. F. An Introduction to Solid State 
Physics and its Applications. (A Title in the Nature—Macmillan Physics 
Series.) Pp.xx +490. ISBN-333-11023-4. (London and Basingstoke: The Mac- 
mitian Press. Ltd.. 1974.) £5.95 net. 

FELD, Michael S., JAVAN, Ali, and KURNIT, Norman A. (edited by). 
Fundamental and Applied Laser Physics, (Proceedings of the Esfahan 
Svmposium, August 29 to September 5. 1971.) Pp.xiii+952. ISBN-0-471- 
25701-X. (New York and London: Wiley-Interscience, John Wiley and 
Sons, 1973.3 £14. 

GOMBRBAS. P., and KISHI, D. Wave Mechanics and its Applications. 
(International Series of Monographs in Nat@ral Philosophy, Vol. 58.) 
ioe ae ISBN-0-08-016979-1. (Oxford and New York: Pergamon Press, 
1973.) £3.50. 

GREFN, Mino. (edited by). Solid State Surface Science. Vol. 3. 
Pp.xi+ 222. ISBN-0-8247-6017-4. (New York: Marcel Dekker, 1973.) $24.50. 

HAKEN, H.. and WAGNER, M. fedited by), Cooperative Phenomena. 
Pp.xv+459. ISBN-3.540-06203-3. (Berlin and New York: Springer-Verlag, 
1973.) 132 DM: $59.40. 








ICHIMARU, S. Basic Principles of Plasma Physics: a Statistical App 
(Frontier in Physics.) Pp.xviii+ 324. (Reading, Mass., and Londoni. 
Benjamin, Inc., 1973.) $19.50 cloth; $12.50 paper. pee es 

JARZEBSKI, Z. M. Oxide Semiconductors. Translated from ‘the 
by B. Grzybowska-Swierkosz. Translation edited by Brian Randal] P 
Pp.xi +285. [{SBN-0-08-016968-6. 













and International 
ISBN-0 


LEVIN, F. S., and FESHBACH, H. Reaction Dynamics: (Documents om ooo 
Modern Physics.) Pp.viii+216. (New York, London and Paris: Gordon and >| 
Breach, Science Publishers, 1973.) £6.65 cloth: £3.50 paper. EE E a neat 

MASON, Warren P., and THURSTON, R. N. (edited by}. Physical: 
Acoustics: Principles and Methods, Vol. 10. Pp.xii-+ 403, ISBN-0-12-477910.00 
7. (New York and London: Academic Press, a Subsidiary of Harcourt Braces) 
Jovanovich, Publishers, 1973.) $39.50; £18.95. RRR es 

McCLELAND, B. J. Statistical Thermodynamics, (Studies in Chemical 
Physics.) Pp.xvi +334. ISBN-412-20780-X. (London: Chapman and Hall and © 
Science Paperbacks; New York: Halsted . Press, a Division of John Wiley: 
and Sons, Inc., 1973.) £4 paperback: £7 hardback. age eee 

MISNER, Charles W., THORNE, Kip S., and WHEELER, Johi: 
Archibald. Gravitation. Pp.xxvi+ 1279, ISBN-0-7167-0344-0, (San. Francisco 
and Reading: W. H. Freeman and Company, 1973.) £19.20 clothbount 
£8.60 paperbound. Pos 

MLADJENOVIC, M. Radioisotope and Radiation Physics: an. Introd 
tion. Translated by Sonja Subotic. Pp.xii+242. (New York and Ee 
oome Press, a subsidiary of Harcourt Brace Jovanovich, Publi: 
1973.) $19, ep 

MORGAN, D. V. (edited by). Channeling: Theory, Observati 
Applications. Pp.xv +486. ISBN-0-471-61510-2, (London and New 
Interscience, John Wiley and Sons, 1973.) £11.75, ‘a 

NUCLEAR LEVEL SCHEMES A=45 through A=257 from 5 
Data Sheets, Edited by Nuclear Data Group. ISBN-O- 12-355650-3; 
York and London: Academic Press, Inc., a subsidiary of Harcourt 
Jovanovich, Publishers, 1973.) $23.50. 

SCHATZMAN, Evry (edited by). Cergése Lectures in Physics, Vi 
Pp. vii+731, (New York, London and Paris: Gordon and Breach, Sciéne: 
Publishers, 1973.) £20.60. niet 

SEEGER, Karlheinz. Semiconductor Physics. (Springer Study Edition 
Pp.xv +514. ISBN-0-387-81186-9. (Wien and New York: Springer-Vi 
1973.) 430 schillings: 60 DM. N 

SEEGER, Raymond J. Benjamin Franklin: New World Physicist.: 
Commonwealth and International Library: Selected Readings. in: P 3} 
Pp.xii+ 190. ISBN-0-08-017648-8. (Oxford and New York: Pergamon Pr 
1973.) £2.50. a 

STEINER, Karl-Heinz. Interactions Between Electromagnetic Fields 
Matter. (Vieweg Tracts in Pure and Applied Physics, Vol. 1.) Pp.xvi- 
ISBN-3-528-08313-1. (Oxford and New York: Pergamon Press; B 
schweig: Vieweg und Sohn, 1973.) 92 DM. 2 ioe 

VANDENBOSCH, Robert, and HUIZENGA, John R. Nuclear 
Pp.xii+ 422. ISBN-0-12-710850-5. (New York and London: Academic 
a subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) $29.50. 

WHALLEY, E., JONES, 3. J., and GOLD, L. W. (edited by). P 
and Chemistry of Ice. (Papers presented at the Symposium held in Ot 
Canada, 14-18 August 1972.) Pp.xiii+403. (Ottawa: Royal Societ: 
Canada, 1973.) n.p. Da 

WHITTLE, R. M., and YARWOOD, J. Experimental Physi 
Students. Pp.370. ISBN-412-09770-2. (London: Chapman and Hail 


n.p. 
Chemistry 


ADDISON, C. C. (senior reporter}. Inorganic Chemistry of the. Main 
group Elements, Vol. 1. (A Review of the Literature Published bet 
July 1971 and September 1972. A Specialist Periodical Report.) Pp.xii- 
ISBN-0-85186-752-9. (London: The Chemical Society, 1973.) £9, Be 

AVERY, H. E. Basic Reaction Kinetics and Mechanisms, Pp.x- 
ISBN-333-15381-2. (Londen and Basingstoke: The Macmillan Press, 
1974.) £2.50 paperback; £5 hardcover. l = 

BARD, Allen J. (edited by). Encyclopedia of Electrochemistry of 
Elements, Vol. 1. Pp.xii+495, ISBN-0-8247-6093-X. (New York: Mar 
Dekker, Inc., 1973.) $60. cee: 

BELL, R. P. The Proton in Chemistry. Second edition. Pp.310. ISBN-0 
412-11820-3. (London: Chapman and Hall, 1973.) £6.30 net. ea 

BEVAN, S. C., GREGG, S. J., and PARKYNS, N. D. (edited. by), : 
Progress in Vacuum Microbalance Techniques, Vol. 2. (Proceedings of ‘the 
Tenth Conference on Vacuum Microbalance Techniques, Brunel University, o 
Uxbridge, England, June 1972.) Pp.xiv+252. ISBN-0-85501-075.-4, (Londons 
ee and Son; Rheine/Westf: Heydn und Sohn, GmbH., 1973.) £9: 0° 
DM 74, ec 

BLUMENFELD, L, A.. VOBVODSKI, V. V., and SEMENOV, A: G. 
Electron Spin Resonance in Chemistry. (Monographs on Electron Spin Re- 
sonance.) Pp.xii+ 322. ISBN-0-85274-108-1. (London: Adam Hilger, Lid., 
1973.) £10 net, ; aed 

BOSCHKE, F. (managing editor). Topics in Current Chemistry/Fort- 
schritte der Chemischen Forschung. Vol. 43: New Concepts If. Pp.iv+115. 
ISBN-3-540-06400-1. (Berlin and New York: Springer-Verlag, 1973.) DM 48; 
$19.70. 

BUTLER, George B., O'DRISCOLL, Kenneth F., and SHEN, Mitchel 
(edited by). Review in Macromolecular Chemistry, Vol. 10. Pp.v+361. 
ISBN-O-8247-6174-X. (New York: Marcel Dekker, Inc., 1973.) $25.50. 

CASTLE, Raymond N. (edited by). Pyridazines. (The Chemistry of 
Heterocyclic Compounds: a Series of Monographs, Vol. 28.) Pp.xii+905. 
ISBN-0-47 1-38213-2. (New York and London: Interscience, John Wiley and 
Sons, 1973.) £40. 

FRIED, Ilana. The Chemistry of Electrode Processes. Pp.x-+ 225. ISBN-O- 
12-267650-5. (London and New York: Academic Press, a subsidiary of Har- 
court Brace Jovanovich, Publishers, 1973.) £4.90: $13.75. nE 

GEISSMAN, T. A. (senior reporter). Biosynthesis, Vol. 2. (A. Review of 
the Literature published during 1972. A Specialist Periodical- Rep 
Pp.ix+308. ISBN-0-85186-513-5. (London: The Chemical Society, 1973 

GREENWOOD, N. N. Genior reporter), Spectroscopic Properti 
Inorganic and Organometallic Compounds, Vol. 6. (A Review of 
Literature Published during 1972.) Pp.xv+663. ISBN-0-85186-053-2, (Londo 
The Chemical Society, 1973.) £11. E re ee 

GUTOCHON. G., and POMMIER, C. Gas Chromatography in Inorganics — 
and Organometallics. Translated by STS, Inc., Ann Arbor, Michigan. 

Pp. viii +322. ISBN-0-250-97522. (Ann Arbor, Michigan: Ann Arbor Science 
Publishers, Inc.; Chichester: John Wiley and Sons, Ltd., 1973.) £10. 




























+ 

































* 


vi 


HARBORNE, J. B. Phytochemical Methods: a Guide to Modern Tech- 
niques of Plant Analysis. Pp.x+278. ISBN-412-10540-3. (London: Chapman 
and Hall; New York: Halsted Press, a Division of John Wiley and Sons, 
inc., 1973.) £4.80 net. 

HAWS, E. Jo, HILL, R. R., and MOWTHORPE, D. J. The Interpreta- 
tion of Proton Magnetic Resonance Spectra: a Programmed Introduction. 
Pp.xii+ 180. ISBN-0-85501-063-0. (London, New York and Rheine: Heyden 
and Sen, Ltd., 1973.) £2.50; $6.90; DM 20.50. - 

HUYSER, Earl S. (edited by). Methods in Free-Radical Chemistry, Vol. 
4. Ppix+192. ISBN-0-8247-6089-1. (New York: Marcel Dekker, 1973.) 


2.50. 
JOHNSON, B. F. G. «senior reporter). Inorganic Chemistry of the Transi- 
tion Elements, Vol. 2. (A Review of the Literature Published between 
October 1971 and September 1972. A Specialist Periodical Report.) 
Pp.xvi+501. (London: The Chemical Society, 1973.) £9.50. 

JONES, J. R. The lonisation of Carbon Acids. Pp.vii+ 236. ISBN-O-12- 
389750-5. (London and New York: Academic Press, 1973.) £4.80, $13.50, 

KARGER, Barry L., SNYDER, Lloyd R., and HORVATH, Csaba. An 
Introduction to Separation Science. Pp.xix+586. ISBN-0-471-45860-0, (New 
York and London: Wiley-Interscience, John Wiley and Sons, 1973.) £9.75. 

KROGER, F. A. The Chemistry of Imperfect Crystals, Vol. 1: Prepara- 
tion, Purification, Crystal Growth and Phase Theory. 2nd revised edition. 
Pp.xili+ 313. ISBN-0-7204-0281-6. (Amsterdam and London: North-Holland 
Publishing Company: New York: American Elsevier Publishing Company, 
Ince., 1973.) DA. 70; $28: 

MAY, Clayton A., and TANAKA, Yoshio (edited by). Epoxy Resins: 
Chemistry and Technology. Pp.xii+ 801. ISBN-0-8247-1446-6. (New York: 
Marcel Dekker, Inc., 1973.) $59.50. 

NAEGELE, Jobn A. (edited by). Air Pollution Damage to Vegetation, 
(A Symposium sponsored by the Division of Agricultural and Food Chem- 
istry at the 16Ist Meeting of the American Chemical Society, Los Angeles, 
Calif., March 3!-April 1, 1971.) (Advances in Chemistry Series, No. 122.) 
Pp.xiii+137. ISBN-842-0183-8. (Washington, DC: American Chemical 
Society, 1973.) $9.95 cloth; $5.45 paper. 

ONGLEY, P. A. (edited by). Organicum: Practical Handbook of Organic 
Chemistry. English translation by B. J. Hazzard. Pp.xx +747, ISBN-0-08- 
012789-4. (Oxford and New York: Pergamon Press, 1973.) £8. 

PRATESI, P. (symposium editor). Medicinal Chemistry—Ill. (Main Lec- 
tures presented at the Third International Symposium on Medicinal Chem- 
istry, held in Milan, Italy, 13-15 September 1972.) (International Union 
of Pure and Applied Chemistry: Organic Chemistry Division.) Pp. 353-522. 
ISBHN-0-408-70438-8. (London: Butterworth and Co. (Publishers), Ltd., 1973.) 


£3.50. 

PRATESI, P, (symposium editor). Medicinal Chemistry-Special Contribu- 
tions—Milan 1972. (Presented at the 3rd International Symposium on 
Medicinal Chemistry.) Pp. 151. ISBN-0-408-70542-6. (London: Butterworth 
and Co. (Publishers), Ltd., 1973.) £4.90. 

PARKER, W. (edited by). Alicyclic Compounds. (Organic Chemistry, 
Series One, Volume 5. MTP International Review of Science. (Consultant 
Editor: D. H. Hey, FRS.) Pp.317. (London: Butterworth and Co. (Pub- 
lishers), Lid.: Baltimore, Md.: University Park Press, 1973.) £10 net; $24.50. 

PATAT. Saul. The Chemistry of the Carbon-Halogen Bond. Part l: Pp. 
xiii 1-608. Part 2: Pp.xiii+609-1215. ISBN-0-471-66943-1. (London and 
New York: Interscience, John Wiley and Sons, 1973.) £22. 

SAFE, S. and HUTZINGER, O. Mass Spectrometry of Pesticides and 
aye Pp. 220. ISBN-0-87819-023-6, (Cleveland, Ohio: CRC Press Ine., 

.) np. 

SCOTT, Arthur F. (edited by). Survey of Progress in Chemistry, Vol. 6. 
Pp.xii+340. (New York and London: Academic Press, a Subsidiary of 
Harcourt Brace Jovanovich, Publishers, 1973.) $29.50; £4.15. 

SLACK, A. V., and JAMES, G. Russell (edited by). Ammonia, Part 1. 
(Fertilizer Science and Technology Series, Vol. 2.) Pp.xiii+ 414. ISBN-O- 
$247-1630-2. (New York: Marcel Dekker, Inc., 1973.) $39.50. 

VAN SOMEREN, Ernest H. S., and BIRKS, F. T. Spectrochemical 
Abstracts, Vol. xviii, 1971-72. Pp.136. ISBN-0-85274-115-4. (London: 
Adam Hilger, Ltd., 1973.) £6 net. 

STREITWIESER. jun., Andrew, and TAFT, Robert W. (edited by). 
Progress in Physical Organic Chemistry, Vol. 10. Pp.vii+ 506. ISBN-0-471- 
er (New York and London: Interscience, John Wiley and Sons, 1973.) 

14,28. 

WALKER, Philip L., and THROWER, Peter A. (edited by). Chemistry 
and Physics of Carbon, Vol. 11. Pp.x+329. ISBN-0-8247-6051-4. (New York: 
Marcel Dekker, Inc., 1973.) $28.50. 

ZWEIG, Gunter (edited by), Analytical Methods for Pesticides and 
Plant Growth Regulators, Vol. 7: Thin-Layer and Liquid Chromatography 
and Analyses of Pesticides of International Importance. Edited by J. Sherma 
and G. Zweig. Pp.xvii+ 729. ISBN-0-12-784307-8. (New York and London: 
Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
1973.) $48; £21.15. 


Technology 


BILLINTON, Roy, RINGLEE, Robert J., and WOOD, Allen J. Power- 
System Reliability Calculations. (Monographs in Modern Electrical Tech- 
Boog) Pp.173. (Cambridge, Mass. and London: The MIT Press, 1973.) 
$12.9 


BROWN, Paul B., MAXFIELD, Bruce W., and MORAFF, Howard. 
Electronics for Neurobiologists. Pp.xi+543, ISBN-0-262-02094-7, (Cam- 
bridge, Mass. and London: The MIT Press, 1973.) £9. 

DYM, Clive L. Introduction to the Theory of Shells. (Structures and 
Solid Body Mechanics.) Pp.xi+ 159. ISBN-0-08-017785-9. (Oxford and New 
York: Pergamon Press, 1974.) £4.50 hard cover, £2.85 flexi cover. 

FIRSOFF, V. A. Working with Gemstones. Pp.x+210 (36 plates). ISBN 
-0-7153-6188-0. (Newton Abbot: David and Charles, 1974.) £3.50 net. 

HARTNAGEL, Hans L. Gunn-effect Logic Devices. Pp.xiv+ 138. ISBN- 
0-435-71485-6. (London: Heinemann Educational Books, Ltd., 1973.) £6 net, 

HATSOPOULOS, G. N., and GYFTOPOULOS, E, P. Thermionic Energy 
Conversion. Vol. 1: Processes and Devices, Pp.xi+265. ISBN-0-262-08059-1. 
(Cambridge, Mass. and London: The MIT Press, 1973.) $17.95. 

MANDELL, Gordon K., CAPORASO George J., and BENGEN, William 
P. Topics in Advanced model Rocketry. Pp.xvili+631. ISBN-0-262-02096-3. 
(Cambridge, Mass. and London: The MIT Press, 1973.) $25. 

PASSAGLIA, E. (edited by). Measurement of Physical Properties. Part 2: 
Magnetic Properties and Mossbauer Effect. (Techniques of Metals Research, 
Vol. VE, Part 2.) Pp.xit+ 529. ISBN-O-471-12231-9. (New York and London: 
Interscience, John Wiley and Sons, 1973.) £21.25. 

SCHULTZ, Jerold. Polymer Materials Science. (Prentice-Hall Inter- 
national series in the Physical and Chefnical Engineering Sciences.) 
T TN ISRN-0-13-687038-4, (Englewood Cliffs, NJ: Prentice-Hall, Inc., 
1974.) $20, 

SHARPE, R. S. (edited by). Research Techniques in Nondestructive 
Testing, Vol. 2. Pp.xii+454, ISBN-0-12-639052-5. (London and New York: 
Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
1973.3 £9.20; $25.78. 





Nature Vol. 250 July 19 1974 


THOMAS, A. F., and ABBEY F. Calculational Methods for Interacting 
Arrays of Fissile Material. (international Series of Monographs in Nuclear 
Energy, Vol. 108.) Pp.xi+127. ISBN-0-08-017660-7, (Oxford and New York: 
Pergamon Press, 1973.) £4.50. 

THOMPSON, J. M. T., and HUNT, G. W. A General Theory of Elastic 
ee Pp.322. (London and New York: John Wiley and Sons, 1973.) 

TOULOUKIAN, Y. S., GERRITSEN, J. Koolhaas, and SHAFER, W. H. 
(edited by). Thermophysical Properties Research Literature Retrieval 
Guide, Supplement 1, 1964-1970, Vol. 3: Alloys, Intermetallic Compounds, 
and Cermets, Vol. 5: Mixtures and Solutions. Vol. 6: Ceatings, Systems, 
and Composites. (Washington and London: IFI/Plenum, 1973.) $316.25, 

WICIMANN, B. A. Algol 60 Compilation and Assessment. (APIC Studies 
on Data Processing, No. 10.) Pp.vii +320. ISBN-0-12-748250-4. (London and 
New York: Academic Press, a subsidiary of Harcourt Brace Jovanovich, 
Publishers, 1973.) £5.50; $15.50. 


Geography 


SPENCER, Joseph E. Oriental Asia: Themes Towards a Geography. 
(Foundations of World Geography.) Pp.x+ 146, (Englewood Cliffs, NJ.: 
Prentice-Hall, Inc., 1973.) $7.50 cloth. 

WHITBY, M. C., ROBINS, D. L. J, TANSEY, A. W., and WILLIS, 
K. G. Rural Resource Development. Pp.243. (London: Methuen and Co., 
Ltd., 1974.) £2.50 cloth; £1.30 paper. 

WOOD, C. M., LEE, N., LAKER, J. A., and SAUNDERS, P. J. W. The 
Geography of Pollution: a Study of Greater Manchester Pp.x-+ 150. ISBN- 
0-7190-0564-7, (Manchester: Manchester University Press, 1974.) £2 net. 


Earth sciences 


BATH, Markus. Introduction to Seismology. Pp.395. ISBN-3-7643-0634-3. 
(Basel and Stuttgart: Birkhauser Verlag, 1973.) Sfr. 42. 

BOWEN, David. Britain’s Weather: Its Workings, Lore and Forecasting. 
Pp.310. (Newton Abbot: David and Charles, 1973.) £1.50. 

COATES, Donald R. (edited by). Environmental Geomorphology and 
Landscape Conservation. Vol. 3: Non-Urban. (Benchmark Papers in 
Geology.) Pp.xi+483. (Stroudsburg, Pennsylvania: Dowden, Hutchinson 
and Ross, Inc., 1973.) n.p. 

FRASER, Ronald (compiled by). Oceanography of the South Pacific 1972. 
(Papers presented at an International Symposium held in Wellington, New 
Zealand, 9 to 15 February, 1972.) Pp.xii+ 524. (Wellington, NZ: New 
Zealand National Commission for Unesco, 1973.) n.p. 

FRENZEL, Burkhard. Climatic Fluctuations of the Ice Age. Translated 
by A. E. M. Nairn. Pp.xxiv+306. ISBN-0-8295-0226-2. (Cleveland and 
London: The Press of Case Western Reserve University, 1973.) $2.50. 

FURON, Raymond. Eléments de Paléoclimatologie. (Sciences de la Terre.) 
Pp.216. (Paris: Librairie Wuibert, 1972.) n.p. 

GOLDBERG, Edward D. (edited by). North Sea Science. (NATO North 
Sea Science Conference, Aviemore, Scotland, 15-20 November 1971.) 
Pp.xvii+ 500. ISBN-0-262-07056-1. (Cambridge, Mass. and London: The 
MIT Press, 1973.) $18.95. 

JONES, O. A., and ENDEAN, B, (edited by). Biology and Geology of 
Coral Reefs. Vol. 1: Geology. Pp.xvi+410. (New York and London: 
Academic Press, Subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) 


8. 

KERVRAN, Louis. Preuves en Géologie et Physique de Transmutations 
à Faible Energie. Pp.186. ISBN-2-224-00053-7, (Paris: Librairie Maloine, 
S. A. Editeur, 1973.) n.p. 

LOMNITZ, Cinna. Global Tectonics and Earthquake Risk. (Develop- 
ments in Geotectonics, Vol. 5.) Pp.xiv+320, ISBN-0-444-41076-7. (Amster- 
dam, London and New York: Elsevier Scientific Publishing Company, 
1974). Dfl.82; $32.80. 

NEWELL, Reginald E., KIDSON, John W., VINCENT, Dayton G., and 
BOER, George J. The General Circulation of the Tropical Atmosphere and 
Interactions with Extratropical Latitudes, Vol. 1. Pp.xiii+ 258. ISBN-0-262- 
14012-8. (Cambridge, Mass. and London: The MIT Press, 1973.) $25. 

NIXON, Peter H. (edited by). Lesotho Kimberlites. Pp.xii+ 350+ 70 
plates. (Maseru, Lesotho: Lesotho National Development Corporation, 
1973.) R13: $19. 

PAUL, Serge. Télédéction et Stéréophotogrammeétrie dans les Sciences 
de la Terre. Pp.xi+341. (Paris: Doin, Editeurs, 1973.) 59 francs. 

PITCHER, Max G. (edited by) Arctic Geology. (Proceedings of the 
Second International Symposium on Arctic Geology, held February 1-4, 
1971, at San Francisco, California.) (Memoir 19). Pp.xvii+747. (Tulsa, 
Oklahoma: The American Association of Petroleum Geologists, 1973.) $30. 

RIEKE, HI, Herman H., and CHILINGARIAN, George V. Compaction 
of Argillaceous Sediments. (Developments in Sedimentology, Vol. 16.) 
Pp.xiv +424, ISBN-0-444-41054-6. (Amsterdam, London and New York: 
Elsevier Scientific Publishing Company, 1974.) Dfi.85, $29.80. 

TIRATSOO, E. N, Oilfields of the World, Pp.viii+376. ISBN-0-901360- 
06-6. (Beaconsfield: Scientific Press, Ltd., 1973.) £8.50. net. 

WALTHAM. A. C. (compiled and edited by). Assisted by Sweeting, 
M. M. The Limestones and Caves of North-West England. (The Limestones 
and Caves of Britain.) Pp.477 (54 plates). ISBN-0-7153-6181-3. (Newton 
Abbot: David and Charles, 1974. Published for The British Cave Research 
Association.) £6.95 net. 


Biological sciences 


BIRCH, G. G., and GREEN, L. F. (edited by). Molecular Structure and 

Function of Food Carbohydrate. Pp.xi+ 308. ISBN-0-85334-582-1. (London: 
Applied Science Publishers, Ltd., 1973.) £10. 
BIRKS. B, J. B., and WEST R. G.. (edited by). Quaternary Plant Ecology, 
(The 14th Symposium of The British Ecological Society, University of 
Cambridge, 28-30 March 1972.) Pp.ix+326. ISBN-0-632-09120-7. (Oxford 
and London: Blackwell Scientific Publications, 1973.) £13. 

BOURNE. G. H. and DANIELLI. J. F. (edited by). Assisted by 
JEON, K. W. International Review of Cytology, Vol. 36. Pp.vii+349. (New 
York and London: Academic Press. a Subsidiary of Harcourt Brace Jovano- 
vich. Publishers, 1973.) $24: £11.30. 

CALVIN. Melvin, and PRYOR. William A. (with introductions by). 
Organic Chemistry of Life. (Readings from Scientific American.) 
Pp.xii+ 452. (San Francisco: W. H. Freeman and Company, 1973.) $12 
cloth: $6.95 paper. ® 

CASIDA. John E. (edited by). Pyrethrum: The Natural Insecticide. 
Pp.xvii+329. (New York and London: Academic Press, a Subsidiary of 
Harcourt Brace Jovanovich, Publishers, 1973.) $16: £7.70. 

CAMPRELL. P. N., and DICKENS, F. (edited by). Essays in Biochem- 
istry. Vol. 9. Pp.viii+ 180. ISBN-0-12-158109-8. (Londen and New York: 
Academic Press, 1973. Published for The Biochemical Society.) £2.40; $6.75. 


Nature Vol. 250 July 19 1974 


CBE Style Manual. Third edition. Prepared by the Committee on Form 
and Style of the Council of Biology Editors, Pp.xii+ 297, (Washington, 
DC: American Institute of Biological Sciences, 1972. Published for the 
Council of Biology Editors.) n.p. 

CHAVIN, Walter {edited by). Responses of Fish to Environmental 
Changes Pp.x+-459. ISBN-0-398-02743-9. (Springfield, HE: Charles C. 
Thomas, Publisher, 1973.) $19.75. 

CHERRY, Joe H. Molecular Biology of Plants: a Text-Manual. 
Pp.ix +204. ESBN-O-231-03642-6. (New York and London: Columbia Uni- 
versity Press, 1973.) £6. 

CHIARELLI, A. B., and CAPANNA, E. (edited by). Cytotaxonomy and 
Vertebrate Evolution. Pp.xv+783. ISBN-0-12-172535-9. (London and New 
York; Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Pub- 
lishers, 1973.) £14.50; $4i, 

COOK, G. M. W., and STODDART, R. W. Surface Carbohydrates of the 
Eukaryotic Cell. Pp.xiii +345. ISBN-0-12-186850-8. (London and New York: 
Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
$973.) £7: $19.50. 

DAVIS, Bernard D.. DULBECCO, Renato, EISEN, Herman N., GINS- 
BERG, Harold S.. WOOD, W. Barry, and McCARTY,. Maclyn. Microbi- 
ology, including Immunology and Molecular Genetics. Second edition. 
Pp.xv + 1562. ISBN-06-140683-X, (Hagerstown, Md. and London: Medical 
Department, Harper and Row, Publishers, 1973.) $27.50. 

DENTON, Thomas E. Fish Chromosome Methodology. Pp.vii+ 166. 
ISBN-0-398-02831-1. (Springfield, IL: Charles C. Thomas, Publisher, 1973.) 
np. 

DODGE, John D. The Fine Structure of Algal Cells. Pp.xii+ 261. ISBN- 
0-12-219150-1. (London and New York: Academic Press, a subsidiary of 
Harcourt Brace Jovanovich, Publishers, 1973.) £6. 

DWEK, Raymond A. Nuclear Magnetic Resonance (N.M.R.} in Bio- 
chemistry: Applications to Enzyme Systems. Pp.xvili+395. ISBN-0-19- 
854614-9. (Oxford: Clarendon Press; London: Oxford University Press, 
1973.) £8 net, 

GIESE, Arthur C. (edited by). Photophysiology: Current Topics in Photo- 
biology and Photochemistry, Vol. 8. Pp.xviii+ 269. (New York and London: 
Academic Press, a subsidiary of Harcourt Brace Jovanovich, Publishers, 
1973.) $22.50. 

GRAHAM, Alan (edited by). Vegetation and Vegetational History of 
Northern Latin America. (Papers presented as part of a Symposium at the 
American Institute of Biological Sciences Meetings, Bloomington, Ind. 
(U.S.A.), 1970.) Pp.xiii+393. ISBN-0-444-41056-2. (Amsterdam, London 
ra York: Elsevier Scientific Publishing Company, 1973.) DfA.120; 
$46.20, 

GRELL, Karl G. Protozoology. Pp.vili+ 554. ISBN.-.3-840-06239-4. 
(Berlin and New York: Springer-Verlag, 1973.) 107 DM; $43.90. 

HOCKING, Brian. Biology: The Ultimate Science. (Transworld Student 
Library.) Pp.142. ISBN-0-552-40014-9. (London: Transworld Publishers, Ltd., 
in association with Richard Sadler, Ltd., 1973.) 7Sp. 


Edward Arnold (Publishers), Lid., 1974.) £16.50 net. 

KAESTNER. Alfred. Lehrbuch der Spezielen Zoologie. Band 1: Wirbel- 
lose. 3. Teil. Insects: B. Spezieller Teil. Pp. 273-907. (lena: Veh Gustav 
Fischer Verlag, 1973.) n.p. 

KAGEN, Lawrence J. Myoglobin: Biochemical, Physiological, and 
Clinical Aspects. (Columbia Series in Molecular Biology.) Pp xii+ 151. 
Pee ea (New York and London: Columbia University Press, 
1973.) £5. 

KERSHAW, Kenneth A. Quantitative and Dynamic Plant Ecology. 
Second edition. Pp.x- 308. ISBN-0-7131-2415-6. (London: Edward Arnold 
(Publishers), Fid.. 1973.) £5.60. net. 

KHUSH, Gurdev $. Cytogenetics of Aneuploids. Pp.xii+301. ISBN- 
0-12-406250-4. (New York and London: Academic Press, a Subsidiary of 
Harcourt Brace Jovanovich, Publishers, 1973.) $17.50; £8.40. 

KOZLOFF, Eugene N, Seashore Life of Puget Sound. the Strait of 
Georgia, and the San Juan Archipelago. Pp.ix+282+ 28 plates. ISBN-0-295- 
95284-9, (Seattle and London: University of Washington Press 1973.) 
$15 cloth: 36.95 paper. 

LASKIN., Allen L, and LECHEVALIER, Hubert A. (edited by). Hand- 
book of Microbiology. Vol. 2: Microbial Composition. Pp.1060. ISBN-O- 
87819-582-3. (Cleveland, Ohio: CRC Press, a Division of the Chemical 
Rubber Co.; Oxford: Blackwell Scientific Publications, 1973.) £17.50. 

LEACH, Sydney J. (edited by). Physical Principles and Techniques of 
Protein Chemistry, Part C. (Molecular Biology: an International Series of 
Monographs and Textbooks.} Pp.xiv+ 621. ISBN-0-12-440103-1. (New York 
and London: Academic Press; a subsidiary of Harcourt Brace Jovanovich, 
Publishers, 1973.) $44; £19. 

LOVENBERG, Walter (edited by). Iron-Sulfur Proteins. Vol. 1: Biological 
Properties. (Molecular Biology: an International Series of Monographs and 
Textbooks.) Pp.xiii+385. ISBN-0-12-456001-6. (New York and London: 
Academic Press, a subsidiary ef Harcourt Brace Jovanovich, Publishers, 
1973.) $33. 

LUCAS, Alfred M., and STETTENHEIM, Peter R. Avian Anatomy- 
integument. Part 1: Pp.iv+ 1-340. Part 2: Pp.x+341-750. (Agriculture Hand- 
book 362.) (US Department of Agriculture, in co-operation with Michigan 
Agriculture Experiment Stations, Michigan State University.) (Washington, 
DC: US Government Printing Office, 1972.) $13 per 2 part set. 


MARGULIS, Lynn (edited by). Proceedings of the Fourth Conference on 
Origins of Life: Chemistry and Radio-chemistry. Pp.xvii-+291. ISBN-3-540.- 
06066-9. (Berlin and New York: Springer-Verlag, 1973.) 54.20 DM: $24.50. 

MATHER. Kenneth. Genetical Structure of Populations Pp.viii+ 197, 
ISBN-412-12140-9. (London: Chapman and Hali, Ltd., 1973.) £4 net. 


MILLER, Stanley L., and ORGEL, Leslie E. The Origins of Life on the 
Earth. (Concepts of Modern Biology Series.) Pp.x+229. (Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1973.) n.p. 

NELSON, Bryan. Azraq: Desert Oasis. Pp.xix+-435--90 photographs. 
ISBN-O-7139-0475-5. (London: Allen Lane, 1973.) £6. 

NEUHOFF, Volker. (edited by). Micromethods in Molecular Biology. 
(Molecular Biology, Biochemistry and Biophysics, Vol. 14.) Pp.xiv+428. 
ISBN-0-412-12380-0. (London: Chapman and Hall; Berlin and New York: 
Springer-Verlag, 1973.) n.p. 

PARSONS, Timothy R., and TAKAHASHI, Masayuki. Biological Oceano- 
graphic Processes. Pp,x+186. ISBN-0-08-07603-8. (Oxford and New York: 
Pergamon Press, 1973.) £4 

PURI, Prem, Bryophytes: a Broad Perspective. Pp.§29. (Delhi and 
Lucknow: Atma Ram and Sons, 1973.) Rs. 35. 

QUERNER, Hans, et al. New Perspectives in Evolution. (Transworld 
Student Library.) Pp.160. ISBN-0-552-40012-2. (London: Transworld Pub- 
lishers, Ltd.. in association with Richard Sadler, Ltd., 1973.) 80p 

ROMOSER, William S. The Science of Bntomology. Pp.x+449. ISBN- 
0-02-403420-7. (New York: Macmillan Publishing Co., Inc.; London: Collier- 
Macmillan, Publishers, 1973.) £4.50. 

ROSS-CRAIG, Stella. Drawings of British Plants: Being Ellustrations of 
the Species of Flowering Plants Growing Naturally in the British Isles, 
Part 31. Pp.vi+46 plates. ISBN-O-7135-1748-4. (London: G. Bell and Sons, 
Ltd., 1973.) £2 net. 


_ ROUND, F. E. The Biology of the Algae. Second edition. Pp.vii+-278. 
(London: Edward Arnold (Publishers), Ltd., 1973.) £6 net. wae 
RYBAK, Boris. Explorations Circulatories. (Collection “Discours de | 
Methode’’.) Pp.xi+151+ 11 planches. ISBN-2-04-002897-8, (Paris, Bruxelles 
et Montreal: Gauthier-Villars, 1973.) 36 francs. E 


_SIGEL, Helmut. Metal fons in Biological Systems, Vol, 2: Mixed-Ligand 
Complexes. Pp.xi+294, ISBN-0-8247-6029-8, (New York: Marcel Dekker, 


inc., 1973.) $25.25, i ay 
SMITH, J. Maynard. Models in Ecology. Pp.xii+ 146. ISBN-0-521-20262-0, 
(London: Cambridge University Press, 1974.) £3.70 net; $10.50. . 


Applied biological sciences 


AIBA Suichi, HUMPHREY, Arthur E., and MILLIS, Nancy F. Bio- 


chemical Engineering. Second edition. Pp.xvii+434. ISBN-0-12.045082.6. 

(New York and London: Academic Press, Inc.; a subsidiary of Harcourt 

Brace Jovanovich, Publishers, 1973.) $28.50. wee, 
ARLET, Jacques, et FICAT, Paul (edited by). La Circulation Osseuse: 


Bases Anatomo-Physiologiques et Methodes d'Exploration: CI 
Circulation: Fundamental Data and Clinical Methods of © Exploration: 
(Compte Rendu du Ire Symposium International & Toulouse, les T3 er 14 
Avril 1973.) Pp.331. (Paris: Institut National de la Santé et de la Recherche 
Médicale, 1973.) 50 francs. cng A 
BORGSTROM, Bengt, DAHLQVIST, Arne, and HAMBRAEUS, Leif. 






(edited by). Intestinal Enzyme Deficiences and their Nutritional Implica- F ; 


tions. (Symposia of the Swedish Nutrition Foundation, XI.) Pp.149, (Steck: 
holm: Almqvist and Wiksell, 1973.) Sw. kr. 50. P 
BUTLER, G.W., and BAILEY, R. W. (edited by). Chemistry and Big- 


chemistry of Herbage, Vol. 2: Pp.xiii+455. ISBN-D-12-148102-6. £8: $25.08 
Vol. 3: Pp.xii +295. ISBN-0-12-148103-4. £6; $17. (London and New York: 0. 
Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, | 


1973.) 


CARR, Ian. The Macrophage: a Review of Ultrastructure and Function. ee 
Pp.viii+ 184. ISBN-0-12-160550-7. (London and New York: Academic Press; /°. 
a Subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) £5.20; $14.80; © 


CARTER, William A. (edited by). Selective Inhibitors of Viral Func- 
re Pp.376. ISBN-0-97919-027-9, (Cleveland, Ohio: CRC Press, Ing, 
1973.) n.p. a ae 

CHALLICE, C. E., and VIRAGH, S. (edited by). Ultrastructure of the ` 


Mammalian Heart. (Ultrastructure in Biological Systems.) Pp.xii+191. 5 
ISBN-0-12-170050-X. (New York and London: Academic Press, a Subsidiary -` 
of Harcourt Brace Jovanovich, Publishers, 1973.) $17.50: £8.40. Pe 


CLARKE, Frank H. (edited by). How Modern Medicines are Discovered. -> 
Pp.ix+ 177, ISBN-0-87993-027-6. (Mount Kisco, New York: Futura Publish- > 
ing Company, 1973.) $10. “Ss 

COOPER, Murray S. (edited by). Quality Control in the Pharmaceutical 


Industry, Vol. 2. Pp.xi+332. (New York and London: Academic Press, a a 


subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) $22. 2 
COTTON, D. W. K. (edited by). Lipid Metabolism and Atheroscherosis. .- 


(Proceedings of a Symposium organized by the Netherlands Society for o © 
Cardiology and ICI Pharmaceuticals Division, Amsterdam, 2-3 February, 5 
1973.) Pp.ix+116, (Amsterdam: Excerpta Medica; New York: American > 


Elsevier Publishing Company, 1973.) DA. 19.50; $7.80. ; 

DAWES, Ben. (edited by), Advances in Parasitology, Vol. 11. Pp.xx+777. 
ISBN-0-12-031711-7. (London and New York: Academic Press, a Subsidiary 
of Harcourt Brace Jovanovich, Publishers, 1973.) £13.50: $39.50. 

DUCHESNE, J. (edited by). Physico-chemical Properties of Nucleic 
Acids. Vol. 3: Intra- and Intermolecular Interactions, Radiation Effects in 
DNA Celis, and Repair Mechanisms. Pp.xv+219. ISBN-0-12-222903-7. 
(London and New York: Academic Press, Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1973.) £5; $14. 

EISDORFER. Carl, and FANN, William E. (edited by). Psychophar- 
macology and Aging. (Advances in Behavioral Biology.) Pp.xx+253, ISBN- 
0-306-37906-6. (New York and London: Plenum Press, 1973.) $14.50. | 

FEATHERSTONE, R. M. (edited by). A Guide to Molecular Pharmaco- 
logy-Toxicology, Part 2. (Modern Pharmacology: a Series of Monographs. 


and Textbooks, Vol. 2.) Pp.xiii+427-811. (New York: Marcel Dekker, Inc., Oe 


1973.) 518.75. 


FISHER, Richard B., and Christie, George A, How Drugs Work. 


Pp.vi +281. (London: Allen Lane, a Division of Penguin Books, Ltd., 1973.) _ r 
£3.25 net. “sid 
FOLLEY, R. R. Intensive Crop Economics: An Outline of Principles of 


Resource Use, Management, and Marketing as adapted for Horticultural | fs 


Crops. Pp.ix+331. ISBN-0-435-62991-3. (London: Heinemann Educational © 
Books, 1973.) £5 net. i , 
FOX, C. Fred, and ROBINSON, Wiliam S. (edited by). Virus Research. 


(Second ICN-UCLA Symposium on Molecular Biology. Proceedings of a P 
Conference held at Squaw Valey, California, March 18-23, 1973) -< 


Pp.xxiii+ 599. (New York and London: Academic Press, a subsidiary of 
Harcourt Brace Jovanovich, Publishers, 1973.) $19.50, , l 

GLICK, David (edited by). Methods of Biochemical Analysis, Vol 2i 
Pp. viii + 572, ISBN-0-471-30751-3. (New York and London: Interscience, | 
John Wiley and Sons, 1973.) £11.50. 

GOODFRIEND, Lawrence, SEHON, Alec H., and ORANGE, Robert P. 
{edited by). Mechanisms in Allergy: Reagin-Mediated Hypersensitivity. 
{Immunology Series.) Pp.xvili+578. (New York: Marcel Dekker, Inc., 
1973.) $26.50. | Son 

GREAVES, Melvyn F., OWEN, John J. T. and RAFF, Martin C, T 
and B Lymphocytes: Origin, Properties and Roles in Immune Response 
(Imperial Cancer Research Fund Tumour Immunology Unit and Medical 
Research Council Neuroimmunology Project, Department of . Zoology, 
University College, London, U.K.) Pp.vii+316. ISBN-90219-2047-6, 
(Amsterdam: Excerpta Medica; New York: American Elsevier Publishing 
Co., inc., 1973.) DA. 86; $33.16. ; 

GROSS, J. F., KAUFMANN, R., and WETTERER, E. (edited by). 
Modern Techniques in Physiological Sciences. Pp.536. ISBN-0-12-304450-2. 
{London and New York: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1973.) £7; $19.75. í 

HAMILTON, Max. Lectures on the Methodology of Clinical Research. 
Pp.x +197. ISBN-0-443-01080-3. (Edinburgh and London: Churchill Living- 
stone, 1974.) £5 net. . 

HAWKINS, Joseph E., LAWRENCE, Merle, and WORK, Walter P. 
(edited by). Otophysiology. (International Symposium, Ann Arbor, Michigan, 
May 20-22, 1971.) (Advances in Oto-Rhino-Laryngology, Vol. 20.) Pp.vi+ $42, 
ISBN-3-8055-13380. (Basel, London and New York: S. Karger, 1973.) 
Sfr. 210; £30.45; $65.10. 


HAYES, Jr., Wayland J. (edited by). Essays in Toxicology, Vol, 5...» 
Pp.xii+ 189. (New York and London: Academic Press, a subsidiary of a 


Harcourt Brace Jovanovich, Publishers, 1974.) $17.50; £8.25. . 

HODGE, H. C., STANNARD, J. N, and HURSH, J. B. (edited by). 
Uranium—Plutonium—Transplutonic Elements. (Handbuch der Experi- 
mentellen Pharmakologie/Handbook of Experimental Pharmacology New 
Series, Band 36.) Pp.xxii+99S. (Berlin and New York: Springer-Verlag, 
1973.) DM 374; $153.40. 











viii 


HOFMANN, R. R. The Ruminant Stomach: Stomach Structure and 
Feeding Habits of East African Game Ruminants. (East African Mono- 
graphs: in Biology, Vol. 2.) Pp.ix+354. (Nairobi: East African Literature 
Bureau, 1973.) £6.50 soft cover; £10 hard cover. 

- HOLLINGSWORTH, Dorothy, and RUSSELL, Margaret (edited by), 
“Nutritional Problems in a Changing World. (Proceedings of The British 


a Nutrition Foundation Research Conference held at Churchill College, 
<o Cambridge, 29 March--4 April 1973.) Pp.xvi+309. (London: Applied 


© Science Publishers, Lid., 1973.) £10. 
HORECKER, Bernard L., and STADTMAN, Earl R, (edited by). Cur- 
rent Topics in Cellular Regulation, Vol. 7. Pp.xx+222. (New_York and 


© London: Academic Press, a Subsidiary of Harcourt Brace Jovanovich, 


Publishers, 1973.) $27.50; £8.40. 

HULSE, Joseph H., and LAING, Evangeline M. Nutritive Value of 
Triticale Protein (and the Proteins of Wheat and Rye). Pp.183, (Ottawa: 
International Development Research Center, 1974.) $7.50. 

IMMUNOPOTENTIATION (Ciba Foundation Sympsoium 18, New 
Series.) Pp.ix35S. ISBN-90-219-4019-1. (Amsterdam, London and New York: 
Elsevier/Excerpta Medica/North-Holland, Associated Scientific Publishers, 
1973.) 18.47.50; $18.30. 

KAHN, Raymond H., and LANDS, William E. M. (edited by). Pro- 
$taglandins and Cyclis Amp: Biological Actions and Clinical Applications, 
(Proceedings of a Symposium held at the Towsley Center for Continuing 
Medical Education, The University of Michigan Medical Center, Ann 
Arbor, Michigan, November 13-15, 1972.) Pp.xvii+ 306. ISBN-0-12-394450-3. 
(New York and London: Academic Press, Inc., a Subsidiary of Harcourt 
Brace Jovanovich, Publishers, 1973.) $11.50. 

KAKULAS, B. A. (edited by). Basic Research in Myology, Part 1. 
(Proceedings of the Second International Congress on Muscle Diseases, 
_ Perth, Australia, 22-26 November 1971.) Pp.xii +698. ISBN-90-219-0163-3. 
(Amsterdam: Excerpta Medica; New York: American Elsevier Company, 


© Inc., 1973.) DA. 157; $62.80. 


KAKULAS, B. A. (edited by). Clinical Studies in Myology, Part 2. 


z «Proceedings of the Second International Congress on Muscle Diseases, 


Perth, Australia, 22-26 November, 1971.) Pp.xii+-724. ISBN-90-219-0246-X. 
(Amsterdam: Excerpta Medica; New York: American Elsevier Company, 
Inc., 1973.) DA. 157; $62.80. 

KULONEN, E., and PIKKARAINEN, J. (edited by). Biology of 
Fibroblast. (Fourth Sigrid Juselius Foundation Symposium, Turku, Finland, 


August 1972.) Pp.xiv+ 689, ISBN-0-12-428950-9, (London and New York; 
<o. Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
1973.) £12.60; $35.50. 


“ . LAZARITD, E, ALANT, O., and KOTHE, W. Chirurgie bei Diabetes, 
 Pp.222. (Budapest: Akademiai Kiado, 1973.) £4. 

MATHE, G., and TUBIANA, M. (guest editors). The Natural History, 
Diagnosis and Treatment of Hodgkin's Disease 1. (Series Haematologica, 
Tene t, 1973.) Pp.t1S. ISBN-87-16-01361-1. (Copenhagen: Munksgaard, 

MATHE, G., and TUBIANA, M. (guest editors). The Natural History, 
Diagnosis and Treatment of Hodgkin's Disease IF. (Series Haematologica, 
Vol. VI, 2, 1973.) Pp.117-269. ISBN-87-16-01363-8. (Copenhagen: Munks- 
gaard, 1973.) D.kr 166 the two parts. 

C McKELVEY, Jr, John J. Man Against Tsetse: Struggle for Africa. 
Pp.xii+ 306. ISBN-0-8014-0768-0. (Ithaca and London: Cornell University 
Press, 1973.) £5.95. 

_ MEADOWS, Robert. Renal Histopathology: a Light Microscopy Study of 

Renal Disease. Pp.xii+363. ISBN-0-19261207-7. (London and New York: 
Oxford University Press, 1973.) £14 net. 

MEDICAL RESEARCH SYSTEMS IN EUROPE. (A joint Wellcome 
Trust-Ciba Foundation Symposium. Ciba Foundation Symposium, 21, New 
Series.) Pp.viii+ 335, ISBN-90-219-4022-1. (Amsterdam, London and New 
York: Elsevier/Excerpta Medica/North-Holland, Associated Scientific Pub- 
lishers, 1973.) Df. 43; $17.20. 

MERGENHAGEN, Stephan E., and SCHERP, Henry W. (edited by). 
Comparative Immunology of the Oral Cavity. (US Department of Health, 
Education and Welfare Publication No, (NIH) 73-438). Pp.vili+ 236. 
(Washington, DC: Government Printing Office, 1973.) $4.75. 

MOAYV, Rom (edited by). Agricultural Genetics: Selected Topics. 
(Based on Proceedings of the Advanced Seminar on Agricultural Genetics 
for Latin America held in Maracay, Venezuela on October 19-20, 1969, 
under the auspices of the Governments of Venezuela and Israel.) 
Pp.xxix 4-352. (New York: Halsted Press, a Division of John Wiley and 
Sons, Inc.: Chichester: John Wiley and Sons, Ltd.; Jerusalem: Keter Pub- 
lishing House, 1973.) n.p. 

MOEN, Aaron N, Wildlife Ecology: an Analytical Approach. (Series of 
Books in Agricultural Science.) Pp.xviii+457. ISBN-0-7167-0826-4. (San 
Francisco and Reading: W. H. Freeman and Company. 1973.) £7.60. 

MOLLER, G. (edited by). Genetic and Biological Aspects of Histo- 
compatibility Antigens. (Transplantation Reviews, Vol, 15, 1973.) Pp.200. 
ISBHN-87-16-01389-1. (Copenhagen: Munksgaard, 1973.) D.kr 90 


MOLLER, G, (edited by). T and B Lymphocytes in Humans. (Trans- 
plantation Reviews, Vol. 16, 1973.) Pp.217. ISBN-87-16-01445-6. (Copen- 
hagen: Munksgaard, 1973.) Dr.kr. 100. 

NAUGHTON, John, and HELLERSTEIN, Herman K. (edited by). Exer- 
cise Testing and Exercise Training in Coronary Heart Disase, Pp.xx+ 473, 
ISBN-0.12-515050-4, (New York and London: Academic Press, a Subsidiary 
of Harcourt Brace Jovanovich, Publishers, 1973.) $16. 


REISMAN, Arnold, and KILEY, Marylou, (edited by), Health Care 
Delivery Planning. (Studies in Operations Research.) Pp.x +374. ISBN-0-677- 
04970; (New York. London and Paris: Gordon and Breach Science Pub- 
Hishers, 1973.) £8.10. 

ROBERT L., and ROBERT, B. (edited by). Aging of Connective 
Tissues-Skin. (Proceedings of the Eleventh International Colloquium of 
Dermo-Chemistry on Aging of Skin, Paris, November 24, 1972.) (Frontiers 
of Matrix Biology, Vol. 1.) Pp.225 (Basel, London and New York: 
$. Karger, 1973.) n.p. 

SEAKINS. J. W, T., SAUNDERS, R. A. and TOOTHILL, C. {edited by). 
Treatment of Inborn Errors of Metabolism: Current Treatment and Future 
Prospects. (Proceedings of the Tenth Symposium of The Society for the 
Studv of Inborn Errors of Metabolism.) Pp. xiv+260. (Edinburgh and 
London: Churchill Livingstone, 1973.) £7 net. 

SHERBET. G, V., (edited by). Neoplasia and Cell Differentiation. 
Po.xiv+411, ISBN-3-8055-1581-2, (Basel, London and New York: S. Karger, 
1974.) Sfr. 140; £20.30: $43.40. 

“SMITH. George P. The Variation and Adaptive Expression of Antibodies. 
eet gi. SBN-674.93205-6. (Cambridge, Mass.: Harvard University Press, 

‘SNOW, Keith R. Insects and Disease. Pp.x+208. ISBN-0-7100-7706-8. 
(London:. Routledge and Kegan Paul. 1974.) £3.50 cloth; £1.75 paperback. 

SUSS, R.. KINZEL, V., and SCRIBNER, J. D. Cancer: Experiments and 
Concepts.” Translated from the German by J. D. Scribner. Pp.xxi+ 285. 
TSRN-3-540-00042.K, (Berlin and New York: Springer-Verlag, 1973.) 
26.50DM: $12. 

TAYLOR. Robert B. Feeling Alive After 65: The Complete Medical 
Guide for Senior Citizens and Their Families. Pp.xv+232. ISBN-0-87000- 
226-0. (New, Rochelle, NY: Arlington House Publishers, 1973.) $7.95. 





Vature Vol. 250 July 19 1974 


_ THE HUMAN LENS IN RELATION TO CATARACT. (Ciba Founda- 
tion Symposium 19, New Series.) Pp.x+ 324. ISBN-90-219-4020-5, (Amster- 
dam, London and New York: Elsevier/Excerpta Medica/North-Holland, 
Associated Scientific Publishers, 1973.) DR. 43.50; $16.70. 


Psychology : psychiatry 


ANGERMEIER, W. F., und PETERS, M. Bedingte Reaktionen: 
Grundlagen—Beziehungen zur Psychosomatik und Verhaltensmodifikation. 
Pp.xi~ 204. ISBN-3-540-0639305. (Berlin and New York: Springer-Verlag, 
1973.) DM 16.80; $6.90, 

BALTES, Paul B., and SCHAIE, K. Warner. Life-Span Developmentai 
Psychology: Personality and Socialization. Pp.xv+452. ISBN-0-12-077150-0. 
(New York and London: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1973.) $14.50; £6.95. 

BRUCH, Hilde. Eating Disorders: Obesity, Anorexia Nervosa, and the 
Person Within. Pp.x+396. ISBN-0-7100-7768-8, (London: Routledge and 
Kegan Paul, 1974.) £3.95 net. 
= DITCHBURN, R. W. Eye-movements and Visual Perception. Pp.xv+421. 
ISBN-0-10-85737! (Oxford: Clarendon Press; London: Oxford University 
Press, 1973.) £9.50 net. 

GERSHON, Samuel, and SHOPSIN, Baron (edited by). Lithium: Its 
Role in Psychiatric Research and Treatment. Pp. xi+358. SBN-0-306- 
30720-0. (New York and London: Plenum Press, 1973.) $22.50. 

GOODSON, Felix E. The Evolutionary Foundations of Psychology: a 
Unified Theory. Pp.xi+228. ISBN-0-03-077615-5. (New York and London: 
Holt, Rinehart and Winston, Inc., 1973.) n.p. 

LAMING, Donald. Mathematical Psychology. Pp.xiv+388. ISBN-0-12- 
435460-2. (London and New York: Academic Press, a Subsidiary of Har- 
court Brace Jovanovich, Publishers, 1973.) £8.20; $23. 

LAZARUS, Richard S. The Riddle of Man: an Introduction to Psycho- 
logy. Pp.xii+628. ISBN-0-13-781688-1. (Englewood Cliffs, NJ; Prentice- 
Hall, Inc., 1974.) $10.95 cloth. 

MITTLER, Peter. (edited by). The Psychological Assessment of Mental 
and Physical Handicaps. Pp.xxviii+ 857. ISBN-422-75600-8. (London: Tavi- 
stock Publications, in association with Methuen and Co., Ltd., 1974. First 
published 1970.) £4.50. 

PROKASY, William F., and RASKIN, David C. (edited by). Electro- 
dermal Activity in Psychological Research. Pp.xii+ 502. ISBN-O- 12-56 5950-4. 
(New York and London: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1973.) $29; £13.90. 

REESE, Hayne W. (edited by), Advances in Child Development ahd 
Behavior, Vol. 8. Pp.xiv+298. (New York and London: Academic Press, 
a subsidiary of Harcourt Brace Jovanovich, Publishers, 1973.) $27.50; £8.40. 

SCOTT, John Paul, and SENAY, Edward C. (edited by). Separation and 
Depression: Clinical and Research Aspects. (A Symposium presented at the 
Chicago Meeting of the American Association for the Advancement of 
Science, 27 December 1970.) Pp.viii+ 256, (Washington. DC: American 
Association for the Advancement of Science, 1973.) $19.95. 

SZASZ. Thomas S. The Ethics of Psychoanalysis: The Theory and 
Method of Autonomous Psychotherapy. Pp.xiv+ 226. ISBN-0-07100-7759-9. 
(London: Routledge and Kegan Paul. 1974.) £4 net. 

ULLMAN, Montague, KRIPPNER, Stanley and VAUGHAN, AfTan. 
Dream Telepathy. Pp.xili+3004 21 plates. ISBN-88800-012-0. (London: 
Turnstone Books, 1973.) £2.95. 


Sociology : education 


BUTCHER, H. J., and PONT, H. B. (edited by). Educational Research 
in Britain 3. Pp.xi+420. ISBN-0-340-16792-0. (London: University of 
London Press, Ltd., 1973.) £4.60 net. 

COLE, Jonathan R., and COLE, Stephen. Social Stratification in Science. 
Pp.xiv +283, ISBN-0-226-11338-8. (Chicago and London: The University of 
Chicago Press, 1973.) £5.65. * 

GILL, Owen. Whitegate: an Approved School of Transition. (Social Re- 
search Series.) Pp.139. ISBN-0-85323-4523. (Liverpool: Liverpool University 
Press, 1974.) £4 net. 

HARMS, Ernest (edited by). Drugs and Youth: The Challenge of Today. 
ees 4.237. ISBN-0-08-017063-3. (Oxford and New York: Pergamon Press, 
1973.) £5. 

LAYTON, David. Science for the People: The Origins of the Schoo! 
Science Curriculum in England. Pp.226. ISBN-0-04-507001-6. (London: 
George Allen and Unwin, Ltd., 1973.) £3.55 net. 

MILGRAM. Stanley. and SHOTLAND. R. Lance. Television and Anti- 
social Behavior: Field Experiments. Pp.xii+ 183. ISBN-0-12-496350-1. (New 
York and London: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers. 1973.) 

WHITLEY, Richard (edited by). Social Processes of Scientific Develop- 
ment. Pp.ix+286. ISBN-0-7100-7705-X, (London and Boston, Mass.: 
Routledge and Kegan Paul, 1974.) £5.95 fiet. 


General 


ALLOTT. Robin. The Physical Foundation of Language: Exploration 
of a Hypothesis. Vol. 1: Pp.96. Vol. 2: Pp.113. (Seaford, Sussex: Robin 
Allott, 29 Headland Avenue, 1973.) 

ARMEN, Jean-Claude. Gazelle-Boy. Translated from the French by 
Stephen Hardman. Pp.127. (London, Sydney and Toronto: The Bodley Head, 
1974, £2 net. 

BAINES. John D. The Environment. (Past-into-Present Series.) Pp.96. 
ISBN-0-7134-1795-1. (London: B. T. Batsford, Ltd., 1973.) £1.50 net. 

BARKER. Ronald. and ESCARPIT, Robert. (edited by). The Book 
Hunger. Pp.155. (Paris: Unesco; London: Harrap, 1973.) £2. 

BENTHALL. Jonathan (edited with an introduction by). The Limites 
of Human Nature, (Essays based on a course of lectures given at the 
Institute of Contemporary Arts, London.) Pp.xvi+282. (London: Allen 
Lane. 1973.) £4 cased; £2.50 paper. 

BENVENUTO. Edoardo. Materialismo e Pensiero Scientifico. Pp.viii+ 307. 
(Milano: Tamburini Editore, 1974.) L.6000. 

BERENDZFN. Richard (edited by). Life Beyond Earth and the Mind 
of Man. (A Symposium held at Boston University, November 20, 1972.) 
Pp.vii+ 106. (Washington. DC: National Aeronautics and Space Administra- 
tion. 1973. For sale by US Government Printing Office, Washington,) $1.25. 

BIOGRAPHICAL MEMOIRS OF FELLOWS OF THE ROYAL 
SOCIETY. Vol. 19. Pp.694+25 photographs. (London: The Royal Society, 
1973.) n.p. 

BODFCHTEL. Johann, and GIERLOFF-EMDEN, Hans-Gunter. The 
Earth From Space. Translated by Hildegard Mayhew and Lotte Evans. 
roS ISBN-0-7153-6076-0. XNewton Abbot: David and Charles, 1974.) 
£6. net. l 

BRANDON-COX, Hugh. Summer of a Million Wings: Arctic Quest for 
the Sea Eagle. Pp.184 (26 plates). ISBN-0-7153-6355-7. (Newton Abbot: 
David and Charles, 1974.) £3.50 net. 

CATT. Ivor. Computer Worship. Pp.149. ISBN-0-273-00243-0, (London: 
Pitman Publishing, 1973.) £1.80 net. 






Nature Vol. 250 July 19 1974 


activity increasing with increasing amounts of serum to an 
optimum of 40-50%. Beyond this, activity was often re- 
duced, but it seems that this may be related to a reduction 
in the number ied sara in the cultures. The findings 
sGhctrate to fot an inducible enzyme which converts the 
substrate to an activa | form capable of destroying or of in- 
hibiting the action < ptolysin O. The addition of positive 
serum—broth filtrates to aliquots of fresh normal serum 
results in generation of new activity in the added serum. As 
well as lacking the active principle, broth filtrates do not 
contain enzyme as shown by their inability to generate 
activity when added to fresh serum. Preliminary tests have 
located the active serum fraction in the alpha-1 globulin 
region but it has not yet been possible to separate the 
enzyme from serum components. The enzyme, serum sub- 
strate and active factor seem to be heat stable at 60° C for 
at least 2 h. Horse, sheep, human and rabbit sera all gave 
positive results although sheep serum was slightly less 
effective. 








Table 1 Distribution of antistreptolysin activity in microorganisms. 
Cultures were tested daily for up to 28 d 


No. and percentage showing Reciprocal of 
antistreptolysin activity at mean dilution 


Organism No. 1/100 or greater dilution showing 50% 
tested of culture haemolysis 
Staph. pyogenes 69 59 (86) 1,600 
Staph. albus 25 8 (32) 1,600 
_ B-haemolytic ; 
streptococci 14 O (0) = 
Pneumococci 17 0 (0) — 
Haemophilus sp. 10 0 (0) = 
Neisseriae sp. 12 1 (8.3) 200 
Bacillus sp. 16 0 (0) = 
Proteus sp. 25 0 (0) — 
E. coli 58 0 (0) — 
Pseudomonas sp. 92 83 (90) 1,200 
Clostridium sp. 13 1 (7.6) 800 
Bacteroides $ 0 (0) — 
Candida ‘sp. 19 0 (0) a 


There is evidence that normal serum contains an inhibitor 
of the active serum factor produced as above, since active 
serum—broth filtrates of 4 d cultures added to aliquots of 
fresh serum gave levels of activity after 5-6 h which were 
much below that expected from the dilution factor. In each 
case this was followed, after 2-3 d incubation at 37° C, by 
a rise in the active serum “factor to a level some four to five 
times greater than in the original 4 d cultures. But addition 
of young broth cultures of positive organisms to filtrates 
containing high levels of active factor did not reduce these 
on further incubation. This suggests that in the original 4 d 
cultures the growing organisms had inactivated a certain 
percentage of the serum precursor either directly or by 
activation of some inhibitor system, but that the activated 
factor itself was not further affected by growing organisms. 

Apart from the intrinsic interest of this serum system 
which may be more complex than outlined, the distribution 
of positive and negative strains raises problems which clearly 
may be related to taxonomy as well as providing a possible 
epidemiological marker. We are investigating whether this 
property of certain microorganisms relates in any way to 
other established biochemical activities, and trying to define 
more clearly the nature of the reacting components, and to 
show whether the same mechanism operates for different 
species. Preliminary studies seem ¢o exclude a role for 
plasminogen activation to plasmin since plasminogen acti- 
vated with streptokinase does not seem to affect streptolysin 
_ activity. Other possible pathways include activation of a 
kallikreinogen-kallikrein system by the bacterial enzyme or 





activation of some complement intermediate compounds. 
K. C. Watson 
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Antibodies recognise specific structures 
of triple-helical polynucleotides 
built on poly(A) or poly(dA) 


ANTIGENIC determinants of nucleic acids may comprise 
individual bases or base sequences, as in denatured DNA, 
or specific conformational features, as in helical forms?. 
Experimentally induced antibodies have shown selective 
reactivity toward double-stranded RNA?~*, RNA-DNA 
hybrids‘, or distinct features of poly(G)+ poly(C)’ or poly 
(dG) + poly(dC)*. Some of these antibodies can be used to 
identify double-helical RNA in virus-infected cells’ and to 
quantitate it in RNA extracted from such cells’, or to dis- 
tinguish between double-stranded RNA and RNA-DNA 
hybrids in mixtures of enzyme reaction products”. Triple- 
helical poly(A)+ 2poly(U) can also be distinguished from 
double-helical forms**. Triple-helical regions can form 
where continuous purine sequences occur”, and they might Ae 
be involved as intermediates or as recognition sites in trans- ~ 
cription’"*. Thus antibodies that recognise triple-helical © 
nucleic acids are important in the definition of conformation- - 
dependent antigenic determinants, as a model for. protein 
recognition of specific nucleic acid sites, and they may 
identify such sites in naturally occurring nucleic acids. We 
describe here such antibodies that can differentiate three- 
stranded structures built on poly(A) from others built. on whe 
poly(dA). ae 
Sera were obtained from rabbits immunised with methy-.. T 
lated bovine serum albumin complexes“ of copolymers 
formed by mixing: poly(A)+2poly(U), or poly(dA)+ > 
poly(U) or poly(dA)+poly(dT)+ poly(U). The sera were- 
tested with single, double and triple-stranded polynucleo- 
tides. Sera that reacted with free poly(A) or denatured 








.DNA were passed through columns of DNA bound to 


Sepharose’. These absorbed sera, and all others used did - 
not react with native or denatured DNA or with poly(A), 
poly(U), poly(D, poly(C), poly(dA) or with ribosomal or 
transfer RNA or double-stranded reovirus RNA, poly(D- 
poly(C), poly(dA) + poly(dT) or poly(A) + poly(T). 

Since poly(A) and poly(U) may combine to form either 
a double-stranded or triple-stranded helix’, the specificity 
of the anti-poly(A) - 2poly(U) sera for the triple-helical form 
was tested when homopolymers were mixed in varying pro- 
portions. For reaction with these sera, the maximal amount | 
of effective antigen was present when the ratio in the = 
mixture was 2poly(U):Ipoly(A) (Fig. 1). When equal. 
amounts of homopolymers were mixed, with the double 
stranded form predominant, only 5-10% as much rea 
antigen was present. The increase in the amount of effec’ tive: 
antigen when the poly(U) was increased from 50% to 67% 
reflected the transition from a double-standed to a triple- 
stranded structure’, and was the opposite pattern to that 
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ae ‘Fig. 1 Specificity of antisera for triple-stranded polymers, 
measured by formation of reactive antigens in varying 
~ mixtures of poly(U) with poly(A) for anti-poly(A) “2poly(U) 
antiserum (©) and of poly(U) with poly(dA) for anti- 
~~ apoly(dA)2poly(U) antiserum (@). Homopolymers (Miles) 
“were mixed at concentrations of 1x 10° M nucleotide 

an Olt M NaCl, 0.01 M Tris, pH 7.4, with 5 mM MgSO, 
and 1.5 mM, CaCh, Each mixture was diluted and sha) 


















sefore”, ‘era in the above Tris- Aa buffer, in a to tal 
ume of 14 ml per reaction mixture. A complement 
ion curve was obtained for each polynucleotide mixture. 
Relative amounts of reactive antigen were calculated from 
the total polynucleotide required to reach a given point 
on the complement fixation curve, such as 50% complement 
ee fixation in the antibody excess region. Anti-poly(A)}2poly(U) 
~. serum was used at a 1/2,000 dilution and anti-poly(dA) 
~~ 2poly(U) serum at a 1 l 1,000 dilution. The broken line 
<o Tepresents the maximal theoretical value expected if only 
o triple-helical copolymer is formed. 










-observed when antibodies to a double-stranded form were 
ised “with the same mixtures’. Further, the anti-poly(A) - 
poly U) serum did not react, even at a 1/100 serum dilu- 
1, with double-helical poly(D -poly(C) or reovirus RNA, 
. it reacted at a 1/5,000 dilution with the homologous 
~~ poly(A): 2poly(U). Its reaction with homologous antigen was 
rot inhibited by a hundred-fold excess of native DNA, 
< poly(dA)- poly(dT), poly(A) - poly(dT) or poly(I)- poly(C©). 
-o Thus this serum was specific for the triple-helical polyribo- 
nucleotide. _ 

Antisera. were obtained from rabbits immunised with a 
copolymer made by mixing equal amounts of poly(dA) and 
poly(U). In this case the original serum reacted, at a 1/1,500 

-. dilution with homologous antigen and at a 1/100 dilution 
with, poly(A) and denatured DNA. After it was passed 
_ through a DNA-Sepharose column, it no longer reacted with 
poly(A) or denatured DNA, but was still fully reactive with 
gous Antigen. 
sof poly(dA) and poly(U) form only a triple- 
de 1 helix”, so that even if they are mixed in equal 
s; some poly(dA)+ 2poly(U}) and free poly (dA) are 
ae ed. This may have been the case with the immunogen, 
and. ‘could’ explain the separate antibody population that 
> reacted with: poly(A) and denatured DNA and was removed 
= by absorption. _ 
oe When poly(dA) and poly(U) were mixed in varying pro- 
a portions, the maximum amount of reactive antigen was again 
















= toned. when: eee ratio was 2poly(U): ipoly( 
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the pattern differed from, that seen with the anti. ` 
2poly(U) serum, since in this case there was a ‘con inuous ` 
increase of reactive antigen as poly(U) was added to. poly - 
(dA) (Fig. 1) rather than a sudden increase when the poly(U) 
was increased above 50%. This supports the conclusion that 


only the triple-stranded structure is formed. “a 
This serum did not react with the double-helical structures 


listed earlier, and its reaction with homologous antigen was 
not inhibited by native DNA, poly(dA)- poly(dT), poly(A) - 
poly(dT) or poly(D + poly(C). 

Antisera to poly(dA) + poly(dT) + poly(U) were also specific 
for the triple-stranded form reported to occur with this 
mixture of homopolymers’®”’. The sera did not react with 
the homopolymer components alone or with poly(dA) + poly 
(dT) or any of the other single or double-stranded polymers 
listed earlier. 

The specificities of these sera were examined further in 
tests of reciprocal cross-reactivities among the triple-helical 
polynucleotides. Even at a 1/100 serum dilution, antiserum 
specific for the exclusively polyribonucleotide copolymer 
poly(A):2poly(U) was not cross reactive with poly(dA) 
2poly(U) or with poly(dA)- poly(dT)+poly(U); it was 
effective with homologous antigen at a 1/1,500 serum 
dilution. 

Antisera to the two forms containing poly(dA) were 
mutually cross-reactive, giving virtually identical comple- 
ment fixation curves with either antigen (Fig. 2), but neither 
cross-reacted with the poly(A)-containing triple-helix. The 
apparent cross-reactivity of poly(dA)+2poly(U) and poly 
(dA) + poly(dT) + poly(U) was further examined to determine 
whether when poly(U) was added to poly(dA)- poly(dT), it 
simply displaced the poly(dT) to form poly(A)+ 2poly(U). 
Specific precipitates were formed with anti-poly(dA) - 2poly 
(U) serum and with either of the poly(dA)+2poly(U) or 
poly(dA) + poly(dT) + poly(U) antigens. The latter precipitate 
contained all three nucleotides (Fig. 3). Thus the antiserum 
did precipitate a polymer containing all three components 
and the two triple-helices must have similar conformations. 

The cross-reaction described above indicated that the 
presence of the poly(dA) controlled the overall configura- 
tion of the two similar polymers, while the presence of 
poly(A) determined the different conformation of the poly(A) 
-2poly(U). This role of polypurine was tested further by 
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Fig. 2 Cross-reactions, of triple-helical polynucleotides 
wah anti- poly(dA¥2pol%(U) antiserum, Quantitative A 
ment fixation reactions of -poly(dA)2poly(U) (O) 


poly(dA)poly(dT)poly(U) (A) with a 1/1,000 dilution. ani, y 


serum and the lack of reactivity of. poly(A}2poly(U) w 
with a 1/100 dilution. 
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Fig. 3 Analysis of precipitates formed with anti-poly (dA) 
2poly(U) antiserum and poly(dA)-2poly(U) or poly(dA) 
: poly(dTypoly(U). Poly(dA)2poly(U) was formed by mixing 
4.5x10-* mol of poly(dA) nucleotide with 9x 10-5 mol of 
poly(U) nucleotide in 0.3 ml containing 0.3 M NaCl, 
0.01 H phosphate, pH 7.4. The mixture was heated at 
100° C and slowly cooled to room temperature and then 
to 4° C. Poly(dA):poly(dT) was prepared in the same way 
with a mixture of 4x10-* mol of nucleotide for each 
homopolymer. An identical amount of poly(U) was then 
added in 0.15 mi of salfhe-phosphate at 37° C, and the 
mixture was cooled to 4° C. Anti-poly(dA)2poly(U) anti- 
serum (1 ml) was added to each of the two polymer 
mixtures, and these were incubated for 20 h at 4° C. 
Both precipitates were collected by centrifugation in the 
cold, drained, washed with 0.5 ml of saline-phosphate, 
centrifuged again and resuspended in 0.2 mi of water. 
The suspension was incubated with Sug of pancreatic 
RNase for 3 h at 42° C and most of the precipitate 
dissolved. Pancreatic DNase (10 ug) and venom phospho- 
diesterase (50 wg) were added and the mixtures were 
incubated for a further 2.5 h at 37° C. The mixture was 
lyophilised and redissolved in 0.025 ml of water. Of this, 
0.01 mł was spotted on an Eastman thin-layer chromato- 
_ gram with a fluorescent indicator background, and chroma- 
tographed in a propanol-ammonium  sulphate-phosphate 
solvent system**. Nucleotides were localised under ultra- 
violet light, and deoxyribose was localised by a cysteine- 
sulphuric acid spray”, in comparison with known nucleo- 
tide standards that were run in parallel with the hydrolysate. 
Sample 1 was the hydrolysed precipitate formed with 
poly(dA)2poly(U) and sample 2 that formed with 
poly(dA)-poly(dT)-poly(U). The hatched areas indicate the 
presence of both ultraviolet-detectable and acid cysteine- 
reactive material. Most of the latter was in the position 
of dAMP or, in sample 2, of dTMP as well. Some 
remained at the origin; in control experiments, protein 
stained in this way and stayed at the origin 












adding poly(U) to the hybrid poly(A)+ poly(dT), wh 
not react alone with antibody to triple-stranded poly(A. 
2poly(U). As poly(U) was added, new complexes fo 
and reacted strongly with the serum (Fig. 4a). At the 
time, the formation of the new complexes was reflect i 
a reduction in double-stranded antigen available to rea 
with specific anti-hybrid antibody (Fig. 45). If the third : 
strand were situated in the major groove of the original 
double helix, as with poly(A)+ 2poly(U)", it may: sterically: cee 
block some of the double-stranded determinants while form. __ 
ing the triple helix, Alternatively, the addition of the third — 
strand may have altered the conformation of the original 
double helix. In either case, the effect was not total, as 20- 
30% of the poly(A) poly(dT) determinants remained acces- 
sible to the anti-hybrid antibodies, as judged from- the o 
degree of lateral shift in the complement fixation curve 
The new complexes of poly(A)+ poly(dT) + poly(U) did” 
not react with antisera to either of the poly(dA)-containing 
helices. Thus the two triple-helical polynucleotides 
with poly(A) were immunologically similar to each oth 
distinct from the triple-helical polymers forme 
poly(dA), while the latter two were very simi: 
other. © ee te 
The structure of the antigenic determinants cannot 
defined precisely, but the backbones of two or three 
probably contribute to one determinant, and they must be 
the proper orientation with respect to each other, because 
antibodies reactive with poly(dA) + poly(dT) - poly(U) did. 
not react with poly(dA)-poly(dT) or poly(A)+ poly(dT) 
poly(U). Similarly, antibodies to double-helical pi 
poly(dT) may fail to react with other helices contai 
of these chains, such as poly(A)+ poly(U) or pol 
poly(dT). Again it seems that portions of both helice 
proper orientation, form one determinant. With së 
antigen systems, the maximal size of the corresponding anti- 
body combining site is about 7x12x35A (ref. 22). This. 
could encompass a full helical turn or the full width of the 
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Fig. 4 Complement fixation cross reactivity of poly(A) 
2poly(U) and poly(A}poly(dTypoly(U) with: (@ anti 
poly(A)-2poly(U) antiserum and (b) anti-poly(A)poly(dT) 
antiserum. The poly(A)2poly(U) (@) was prepared by mix- 
ing 1 volume of poly(A) with 2 volumes of poly(U), with — 
both polymers at a concentration of 0.4x10-? mol of 
nucleotide per ml in 0.15 M NaCl, 0.01 M phosphate, 
pH 7.4, at 37° C. Triple-helical complexes (X) were formed 
by the addition of 1.2x10-* mol of poly(U) nucleotide. 
to 1.6x10-* mol of poly(A}poly(dT) (A) nucleotidi 
0.025 ml, in 0.4 M NaCl; the mixture was incubated 
complement fixation buffer. The antixpoly(A}2pol 
antiserum was used at 1/1,000 dilution for reaction w 
triple-stranded forms and at 1/100 was not reactive with 
poly(Aypoly(dT). The anti-poly(A}poly(dT) antiserum was 
used at 1/1,000 dilution, 
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shallow cavity or groove on the antibody molecule. 
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Effect of host decomplementation on 
homeostasis of antibody production in fowl 
‘Tae primary response to human serum albumin (HSA) in 
: i 10-week-old fowl is characterised by an early and 
ing rise in antibody level to a peak at about 9 d 
by an abrupt decline’. Comparison of the kinetics 
decline from the peak gave a close correspondence 
nit and the curve of decline of passively transfused 
1omologous 78 immunoglobulin. It seems clear that 
= ly production has been switched off before the peak 
and Titte ensues thereafter. The primary haemagglutinin 
i response io sheep erythrocytes has a similar shape but the 
< peak is earlier (Fig. 1)°. The in vivo suppressive effect is 
<o attributed to the negative feedback inhibition of the 7S 
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Fig. 1 Anti-sheep RBC response in chickens treated with 
CoF, Plot of haemagglutinin levels (log, titre) following an 
intravenous injection of 10° sheep erythrocytes, @ 
The average haemagglutinin titres for a group of 10 normal 
birds. The response reaches maximum at 6 d and thereafter 
rapidly declines, remaining at or near zero after 16 d, 
— Haemagglutinin titres of 
individual birds treated with cobra venom factor (CoF). The 
first haemagglutinin response of all birds is slightly 
increased in comparison with controls at the peak and 
delayed in the decline phase; all birds also show a further 
peak (maximum at day 24-25). In the case of one bird a 
further (third) pzak developed (maximum at day 38). 
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antibody product and is thought to operate by the process of 
segregation of B cells into germinal centres’. 

We have investigated the O-agglutinin response to an 
intravenous injection of 10° heated Salmonella adelaide O 
organisms (Fig. 2). The agglutinin response kinetically re- 
sembles that to HSA or sheep erythrocytes, but the initial 
peak and decline is followed by at least four further peaks of 
declining magnitude. The class of immunoglobulin involved 
was investigated by treatment of serum samples with 0.3 M 
2-mercaptoethanol for 1 h; the results showed that all agglu- 
tinin titres were reduced near to zero. Thus, most antibody 
was 19S immunoglobulin. The occurrence of 7S chicken 
agglutinins for S. adelaide O antigen was further investigated 
by use of radiolabelled antibodies prepared against chicken 
7S and 19S immunoglobulin. Such antisera, shown to be 
specific for H chains by standard immunoelectrophoresis, 
were added to washed agglutinates of S. adelaide (heated O 
organisms) prepared in antigen excess, with 254l of neat 
chicken serum. After 30 min interaction the uncombined 
radiolabelled immunoglobulin was removed by washing in 
physiological (0.15 M) NaCl, and the radioactivity remaining 
attached to the agglutinates was counted. The counts ex- 
pressing amounts of 19S antibody are shown in Fig. 3 (range 
of four peak levels 40,000-82,000 c.p.m.). While estimates of 
antibody of 19S Ig class in serum samples reproduced the 
pattern of the previously described agglutination tests, 
counts of absorbed anti-7S Ig were low (range 100-2,000 
c.p.m.) confirming the virtual absence of 7S antibody. 

The difference between the curve of agglutinins of the 
serum response to S. adelaide O antigen and the antibody 
responses to HSA and sheep erythrocytes, is attributed to 
deficient 7S antibody production in the bird in response to 
an immunogenic stimulus to the lipopolysaccharide O anti- 
gen (see also data from the mouse’). It is hypothesised that 
normal negative feedback of the primary response requires. 
switch over from 19S to 7S immunoglobulin, without which 
a single injection of “antigen causes a series of cyclical 
fluctuations in 19S antibody. 

Antibody responses to bacterial polysaccharides are unique 
in several ways. Thus, they depend exclusively on the B-cell 









Vature Vol. 250 July 19 1974 5 





O antigens interact with 


er Lipopo ysaccharide 
: ctivate the bypass mechanism of the 


complement. a: 
complement 
This leads to the postulate that the switch over from 19S 
to 7S biosyntl of antibody may be a complement- 
dependent pri : which is Selectively inactivated by 
lipopolysacchar £ antigens. Experiments were undertaken 
in birds which were immunised with a normal immunogenic 
stimulus (sheep rocytes) during a period of treatment 
= with cobra venor or sufficient to reduce in vivo levels of 
| om factor (CoF) was prepared by a 
, methods*’. 
lementary activity was taken as the 
sduce the haemolytic capacity of 
chicken serum b . The preparation of CoF reduced 
complement levels in the above test 160 fold. It was injected 
(150 U kg) every ‘other day according to the schedule 
recommended in ref. 8. 

The response to-a single injection of 10'° sheep erythro- 
cytes now took the form shown in Fig. 1. The peak of the 
first rise of serum. agglutinins i is elevated (from average titre 
of 2” to 2~"*), The decline phase is somewhat shifted to the 
right and in all three cases there is a second rise and fall of 
serum agglutinins which reaches a peak on day 24 at 27° 
titre. In the case of one bird this cycle is repeated once more, 
the titre reaching 2‘ on day 38. Another consequence was 
that virtually all antibody was in the form of 19S immuno- 
globulin without 7S immunoglobulin. The treatment of sera 
with 0.3 M 2-mercaptoethanol always reduced to near zero 
the agglutination titre of serum samples of the three treated 
with CoF shown in Fig. 1. In control birds, agglutinin titres 
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in the period 5-15 d were also considerably reduced by 0.3. 


M 2-mercaptoethanol. All the reduced sera were treated to 
determine the presence or absence of incomplete haemag- 
glutinins by addition of rabbit anti-chicken 7S immunoglo- 
bulin. In control birds this caused an increase of the peak 
titre from 2’ to 2", the level declining thereafter. The sera of 
CoF-treated birds failed to show any appreciable increase 
following addition of rabbit anti-chicken 7S immunoglobulin. 

Treatment with CoF, therefore, acts to impede the normal 
homeostatic mechanisms which terminate the antibody 
response to sheep erythrocytes. As this effect was accom- 
panied by a defect of the normal switch from 19S to the 7S 
immunoglobulin form of antibody, an analogy can be drawn 
with the situation obtaining in the bird’s response to S. 
adelaide O organisms. Here, too, the switch from 19S to 7S 
antibody fails to occur, and presumably this relates to some 
distinctive property of this type of antigen. Similarly, it was 
found that the antibody response to the H antigen of S. 
adelaide failed to terminate after the first peak of antibody 
(at 5-7 d) but underwent repeated cycles of antibody pro- 
duction of slowly diminishing magnitude. 

Pepys™™" has found that treatment of the mouse with CoF 
results in decrease and/or delay in the antibody responses 
to two thymus-dependent antigens (sheep erythrocytes and 
alum-precipitated ovalbumin) but no change in the responses 
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“Fig. 2 Plot of agglutinin levels (idk. titre) for individual 
adult birds injected with 10° S. adelaide O. The initial res- 
-. ponse has a peak at 4-7 d followed by a rapid decline. At 
least four further cycles of antibody response are shown 
7 all birds. Each plot represents the response of one bird. 



















to two other thymus-independent antigens (pneumococ al 
polysaccharide type II and polyvinyl pyrroli 
According to Pepys, the possibility that the CoF effect 
to antigenic competition is unlikely as he use of CoF in 
previous recipients of CoF cancel l 
stances in which antigenic competiti 
augmented. It was proposed that comp 
T and B cell cooperation. 
Our results can be interpreted as- 7 
the normal response of a thymus-depi T 
erythrocytes) into one with the character 
thymus- independent antigen. 








thymus- independent antigens" “in other animal 


A possible hypothesis to account for our present findings is is ae 
that lipopolysaccharide and other thymus-independent anti- 
gens fail to switch 19S to 7S antibody production and fal 
to secure lasting homeostasis of the response sinc they 
activate the alternative pathway and lead to N 5 
(inactive) conversion’. 
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Fig. 3. Plot of antibody levels estimated by radio-immi 
assay for individual birds injected with 10° $, adelai 
organisms. The response consists of a regular series. 
separated peaks, each followed by a phase “of decline. 
least five peaks are recognisable for each bird.. Each pk 

represents the response of one bird.. 





Finally, it becomes necessary to. investigate y. 
T-independent response owes its characteristics (rec 
antibody production and lack of 7S response) to 
anticomplementary action which causes an ineffecti 
from 19S to 7S antibody production and. defective 
stasis secondarily to a lack of avid 7S antibody.. ` 
sequences of this hypothesis can readily be tested 
hope to report the results of such investigations at 
date. 
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Vaccinia virus cytotoxin(s) 

THE mechanisms whereby cytopathic viruses damage or 
kill susceptible cells are not fully understood. Some experi- 
ments with pox viruses involving partially inactivated virus 
or various metabolic inhibitors suggest a correlation 
between the production of virus proteins and the appearance 
of cytopathic effects without necessarily establishing a 
casual relationship between the two events'’. Other work 
suggests that inhibition of host protein synthesis, and by 
extension induction of cytopathic effects by vaccinia virus, 
is independent of virus-induced protein synthesis but is 
some function of the virus particle itself”. Here, we report 
direct experiments in which vaccinia-specific materials 
were isolated from infected Hela cells, rendered free from 
infective virus and shown to be toxic to susceptible unin- 
fected HeLa cells under appropriate test conditions. To our 
knowledge this is the first documented example of an ob- 
servable cell-killing effect of vaccinia specific protein(s). It 
differs from that of the penton capsomere (toxin) of adeno- 
virus which affects cell membranes from the outside causing 
them to detach from glass’, in that we believe it acts 
intracellularly. 

HeLa cells were infected with vaccinia virus and collected 
48 h after infection; soluble virus-free preparations (HVSA) 
containing both viral and hostspecific precipitinogens were 
prepared’. Preliminary work confirmed previous observa- 
tions'’* that HVSA had no effect on its own when added 
to cultures of HeLa cells either in suspension or in mono- 
layers. This meant that either no virus-induced toxic sub- 
stances existed, or, that they did and were not being taken 
up by the cells. To test the latter possibility a suitable 
biological system was sought in which cells could be in- 
duced to take up macromolecules in a biologically active 
state. Various membrane modifiers or uptake inducers", 
were tried but none proved more effective or easy to handle 
than hypertonic salt solutions. 

For the test system, HeLa cells were assigned to four 
groups: group 1 was treated with calf serum medium, 
group 2 with calf serum medium and MgSO, (at the maxi- 
mum concentration which resulted in > 95% cell survival; 
see Fig. la), group 3 with uninfected cell extract and 
MgSO, and, group 4 with HVSA and MgSO.. Several hours 
after treatment, some of the HVSA-treated cells were dead 
as judged by vital staining; after overnight incubation when 
dead cells had detached and disintegrated, viable cells were 
stained and counted. The results of 23 experiments (Fig. 15) 
show that there is in HVSA, something which is lethal to 
approximately 30% of HeLa cells present in the test 
population. 

To determine the specificity of this cytotoxic mechanism 
HVSA was fractionated, using -S-S- linked immunosor- 
bents™™" derived from sera’ raised to uninfected HeLa 
cells or sera from rabbits infected with rabbit-grown vac- 
cinia virus, to yield HeLa- and vaccinia-specific fractions, 


each overtly uncontaminated by the other in immundiffu- 


sion tests. HVSA was also fractionated on DEAE-cellulose 
to yield a toxic fraction (Fig. 2) which contained several 
demonstrable vaccinia antigens in immunodiffusion tests. 
Only vaccinia-specific fractions were toxic: uninfected cell 
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Fig. 1 Survival of HeLa cells treated with MgSO,, infected 
cell extract (HVSA)/MgSO, and uninfected cell extract 
(UCE)/MgSO, expressed as a percentage of a calf serum 
medium (CSM)-treated control. Cells from 4 to 6-d-old 
monolayers were collected with EDTA, counted, diluted in 
CSM and continuously stirred. Samples (0.2 ml) were 
pipetted into the wells of a microtitre plate (Flow, M29- 
ART) so as to give 300-400 cells per well, and the plates 
centrifuged at 150¢ for 10 min. Plates were incubated over- 
night (37° C, 5% CO» in air). CSM was removed by invert- 
ing the plate, subjecting it to a sharp wrist flick, and 
removing the residual fluid by placing the plate on sterile 
filter paper. The cells were treated as follows: a, Varying 
concentrations of MgSO, in CSM were added and the cells 
subjected to the manipulative/counting procedures described 
in b. The object was to determine the highest concentration 
of MgSO, which 295%, of the cells would tolerate, that 1s, 
cells would go on to divide upon being returned to CSM. 
In this case it was 0.85 M MgSO, and this was used in the 
test as described below. Every line (or subline) of HeLa 
cells used was examined for MgSO, sensitivity. This only 
varied significantly when HeLa cells of a different source or 
cells obtained by certain selection pressures are used, When 
one line of normal cells is used the variation from day to 
day was minimal. b, For the test, the following. mixtures 
were added: 0.85 M MgSO, in CSM, HYSA (or UCE) 
mixed with an equal volume of 1.7 M MgSO, in CSM, or 
CSM alone as a control. The cells were treated for 15 min 
at 37° C, washed twice in 0.2 ml volumes of CSM by the 
method described above and incubated in 0.2 ml of CSM 
overnight. Twenty-four hours after treatment the cells were 


Nature Vol. 250 July 19 1974 





Nature Vol. 250 July 19 1974 








buffer (PBS, pH 7.0, I, 0.26), stained 
hly filtered 1% crystal violet in PBS 
., Washed in PBS, stained for 5 min in Lugol's 
iodine, and w n PBS again. The wells were filled 
with PBS and covered with a piece of glass to avoid a 
refracting meniscus and the cells were observed using the 
x4 objective of a- Prior Inverted microscope. Cells in 
the four corners of each well were counted representing 
about 80% of the area of the well; counts of about 500 
sells per well were obtained with a standard deviation of 
36 for CSM-treated controls, Routinely 8 or 12 wells were 
cused for the CSM or MgSO; controls and four wells (to 
-conserve materials) for the HVSA and UCE samples. The 
majority of tests resulted in approximately 70% of the 
cells surviving the combined MgSO., + HVSA treatment, 
where the control for MgSQ,-treated cells was 996% of 
the CSM control. Histogram shows data from 23 such 
experiments involving HSVA with, in brackets of 10%, the 
frequency with which a given survival of cells was observed, 
The data for MgSO, only treatment is derived from the 
same experiments and is given to show the mildness of this 
treatment. A similar spread of results for CSM treated cells 
is obtained when these are measured as a percentage of the 
MgSO.-treated control. 


ener 





for 15 min i 


washed in phosphat 
~ Dulbecco A, wa 








extracts and HeLa materials from infected cells were not 
toxic in this test. The possibility that some virus-specific 
component allowed the cells to take up a toxic dose of 
MgSO, during the (technically convenient) simultaneous 
exposure of cells to MgSO, and HVSA (or vaccinia-specific 


fractions) was examined by pretreating cells with MgSO,, | 


removing MgSO, and adding HVSA: the latter still exhi- 
bited toxicity, thereby eliminating this possibility. The only 
biochemical activity associated with HVSA that we have 
demonstrated so far is the ability to release lysosomal 
enzymes" from rabbit liver lysosome preparations. The 
level of pre-released §-glucuronidase (the marker enzyme 
chosen for assay) in uninfected cell extract was twice that 
in HVSA (due presumably to the loss of enzymes into the 
medium: from the necrotic cells from which HVSA is 
prepared), but only HVSA caused the release of more 
enzyme (20-70% of maximum releasable by Triton-X 100) 
from intact lysosomes. 

Attempts to titrate toxicity showed that the activities of 
neat HVSA and 1/2 dilutions of HVSA were approximately 
the same as judged by the number of cells killed (approxi- 
mately 30% in each case) and at higher dilutions the ac- 
tivity dropped rapily to zero. This seemingly low activity 
may reflect the presence of inhibitors in HSVA. For 
example, comparative titration of HVSA (20 mg protein 
ml" and the DEAE-cellulose toxic fraction (2 mg protein 
ml~" showed. the latter to be eight times more active per 
unit volume or 80-fold more active per mg protein (Fig. 2). 
All these estimates of toxicity are conservative because 
tivity dropped rapidly to zero. This seemingly low activity 
apparently stores indefinitely at —20° or —70° C, was 
slowly inactivated at 37° C, but in the presence of 0.85 M 
MgSO,, all toxic activity was abolished after 15 min incuba- 
tion at 37° C. 

Preliminary experiments have been carried out in which 
HVSA was treated with a solid-phase protease (trypsin 
linked to Enzacryl AA, Koch-Light). This resulted in a 
loss of toxicity which, together with the fact that im- 
munosorbents specific for vaccinia antigens removed the 
toxicity from HVSA, suggests that the active factor(s) is 
a protein and not infectious nuclei acid’ or double- 
stranded RNA". 

Various approaches have been tried, with crude HVSA, 
to discover why only 30% of the cells were killed. Presum- 
ably there is a subpopulation of Hela cells with the ability 
to take up and/or be killed by the toxic factor(s) present 
in HVSA, an attribute which could be dependent on either 
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Fig. 2 Titration of toxicity of crude HVSA and p 
purified vaccinia-specific antigents., HVSA (1.0m 
adsorbed to DEAE-cellulose (phosphate buffer pH 
0.0175) and eluted with stepwise increments of N: 
only toxic fraction (DE-V) was that eluted. 
and this was concentrated to 1.0 mi and titr 
expressed as the highest dilution causing 
maximum number of susceptible cells im- 
Representative results are shown above. Initial çi 
tions of protein for HVSA [0], and DE-V @, were 
2 mg mi~* respectively, representing a 10-fold purifica 
The total toxic activity expressed by DE-V was thus 
times greater than that of crude HSVA per unit vo. 
and 80 times greater per mg protein. 




















phenotypic or genotypic heterogeneity. First, synchi 
cultures of HeLa cells were prepared by mitotic selecti 
and hydroxyurea treatment’? and used in the test. system 
at four different time points spanning one growth. cycle 
No difference was detected in the susceptibility ofe 
HVSA with respect to different phases of cell grow 
each case only 30% of the cells died. Second, att 
were made to select cells which exhibited a more ur 
response to MgSO; stress when the latter is applied ti 
in monolayers. This would be reflected in a steeper 
in the viability of cells beyond some critical] concent 
of MgSO,. To date we have not succeeded in selec 
population possessing this kind of sensitivity as. a` 
characteristic. The third experiment was carried “out 
cells derived from the survivors of a toxicity test and 
only 30% of the cells died. It is technically very difficul 
to carry out a quantitative test on the survivors. These 
experiments suggest that susceptibility to the cytotoxic factor . 
depends on a hitherto undefined transient physiological — 








state which allows some of the cells, on treatment with 
MegSO,, to take up a lethal dose of cytotoxin. Ree 





toxicity is induced by HSVA per se in contract to, for 


example, adenovirus penton which interacts with cell mema =o 
branes causing them to detach from glass surfaces‘. eu 

Finally we would not extrapolate from these results to — 
Suggest that pox-virus infections are accompanied by a 
toxaemia in the classical bacterial sense—no such evidence e 
has ever been adduced—but we think that an examination — 
of virus-specific products isolable from infected a 
tissues would be worthwhile. This might lead to the r 
tion of virus-induced factors, which are toxic to th 
in which they are made, and which contribute te 
overall complex mechanism of viral pathogenicity: sere 
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Effects of dopamine-like drugs on rat 
striatal adenyl cyclase have implications 
for CNS dopamine receptor topography 


THe involvement of central dopaminergic neurones in the 
pathogenesis of several extrapyramidal movement disorders 
is well documented’. Moreover it has been suggested that 
dopaminergic mechanisms may also be involved in the 
physiological mechanisms underlying psychoses’. For these 
reasons there is considerable neuropharmacological interest 
in the interaction between anti-Parkinsonian and neuro- 
leptic drugs and central dopaminergic systems. Recently it 
has been shown that homogenates of tissues containing 
dopaminergic synapses respond to low concentrations of 
dopamine by an increased production of cyclic AMP. These 
areas include the bovine superior cervical ganglion’, the rat 
and bovine retina’, rat basal ganglia‘, olfactory tubercle, 
nucleus accumbens’ and cortex*. The effects of dopamine 
in some of these systems are mimicked by dopamine 
receptor stimulating drugs such as apomorphine’’ and 
1-(3,4-dihydroxybenzyl)-4-(2-pyrimidy]) piperazine (S584)° 
and antagonised by neuroleptic drugs*'’~’*. It seems, there- 
fore, that these systems represent valid models of CNS 
dopamine receptors and it has been suggested that they 
may even comprise the dopamine receptor itself*. We have 
studied the dopamine-sensitive adenyl cyclase of the rat 
striatum in order to define some of, the structural require- 
ments for dopamine receptor agonists. 

In ‘accordance with previous reports’’, we found that 
addition of low concentrations of dopamine to rat striatal 
homogenates increased cyclic AMP accumulation during a 
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brief incubation in vitro. Half maximal stimulation was 
obtained at approximately 3 #M dopamine. Experimental 
details are shown in Fig. 1. The effects of various com- 
pounds related to dopamine and apomorphine were also 
investigated. Homogenates were incubated with drugs at 
concentrations between 107° and 10°? M. These results are 
summarised in Tables 1 and 2. 

Dopamine and its N-methyl derivative epinine had similar 
activities as agonists. Further methyl group substitution of 
the amine function as in the N,N-dimethyl and the 
quaternary methyl dopamine derivatives led to compounds 
that were less active agonists. 
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Fig. 1 Effect of cyclic analogues of dopamine on stimula- 


tion of cyclic AMP production in rat striatal homogenates. 
Sprague-Dawley rats weighing 180-250 g were used. The rats 
were decapitated and their brains rapidly removed and 
placed on ice. The striata were dissected as in ref. 25 and 
homogenised with a motor driven teflon/glass homogeniser 
in approximately 25 vol (w/v) of 2 mM Tris maleate buffer 
pH 7.4 containing 2 mM EGTA. Fifty microlitre aliquots of 
this homogenate were added to 250 al of 80 mM Tris 
maleate buffer, containing 2 mM MgSO,, 0.2 mM EGTA and 
various drugs as indicated. The incubation tubes were kept 
on an ice/salt bath while ATP was added to a final con- 
centration of 0.5 mM. The incubation tubes were then 
placed in a shaking water bath at 30° C for 2.5 min, At the 
end of this time the tubes were transferred to a boiling water 
bath for 2.5 min. The contents of each tube were centri- 
fuged for 5 min in a microcentrifuge to sediment the de- 
natured protein. 10 pl aliquots of the supernatant were 
assaved for cyclic AMP content by the method of Brown 
et al2® using a linear standard curve produced with aliquots 
of authentic cyclic AMP between 0.2 and 8.0 pmol. The 
levels of cyclic AMP increased from a basal level of 
31.8+0.96 pmol per assay tube (approximately 2 mg wet 
weight tissue) to 66.93.69 pmol per assay tube (mean 
valuets.e.m. n=9) in the presence of a maximally stimu- 
lating concentration of dopamine (100 uM). Incubations with 
dopamine at 100 uM was included in every experiment for 
comparison. As the stimulation produced by 100 uM was 
slightly variable between experiments the effect of each 
agonist was compared with the effect of 100 pM dopamine 
in the same experiment using the same striatal homogenate. 
The effect of 100 uM dopamine was normalised to 100%. 
Results are means of between four and 10 separate incu- 
bations, standard errors were less than £10°. Numbers on 
graphs refer to the structures given in Tables 1 and 2. 
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* Stimulation produced by 100 uM dopamine is taken as 100°. For experimental details see Fig. l. diene 
t ECS50 refers to concentration required to give half maximal stimulation produced between 1078 and 107M. Agents shown a 
stimulation of cyclic AMP production were not significantly effective (P > 0.05) at concentrations between 10~¢ and 107 Me 
t Incubations included 0.4 mg mi~ of the dopa decarboxylase inhibitor NSD 1055 control incubations showed this had no effect o 
or dopamine-stimulated cyclic AMP production. T 


Compounds having 1-4 carbon atoms between the cate- 
chol nucleus and the primary amino group were examined. 
It was found that only dopamine, which has a 2 carbon 
side chain, was active. The analogues containing 1, 3 or 4 
carbon atoms in the chain were all inactive. Incorporation 
of the side chain into a second ring system in an ex- 
tended form as in 2-amino-6,7-dihydroxy-!,2,3,4-tetrahydro- 
naphthalene and apomorphine produced active agonists, 
whereas when the side chain was incorporated in a ring 
system in its nonextended form as in 6,7-dihydroxy-tetra- 
hydroisoquinoline the resulting compound was much less 
active than the corresponding B-naphthylamine (Fig. 1). 
Substitution of a methyl group in the 1 position of the 
latter compound in salsolinol led to an inactive compound. 
Substitution of even larger groups at the 1 position also 
produced inactive compounds such as tetrahydro- 
papaveroline and the emetic drug emetine. 

Compounds lacking the catechol group were inactive. 
Thus the m and p isomers of tyramine, m and p-methoxy- 
dopamine, amphetamine, apmorphine, dimethoxy-apomor- 
phine and 2-amino-1,2,3,4-tetrahydronaphthalene did not 
stimulate the adenyl cyclase. Apomorphine, d/-a-methy]- 
dopamine and in particular 2-amino-6,7-dihydroxy 1,2,3,4- 
tetrahydronaphthalene, were all active in stimulating the 
enzyme system. 

dl-a-Methyldopamine was less active than the parent 
compound. /-Noradrenaline was less than half as active as 
dopamine at a concentration of 1 X 107° M. The d-isomer 
of noradrenaline was inactive in concentrations up to 107° 
M. L-dopa was totally inactive, 

AS 2-amino-6,7-dihydroxy-1,2,3,4-tetrahydronaphthalene 
was such a potent agonist, the effect of neuroleptic drugs 
on its adenyl cyclase stimulating ability was examined. 
The clinically efficacious neuroleptic chlorpromazine (1 x 
10 M) potently inhibited the stimulation of the 


















enzyme system by this agonist, whereas promethazi 
10° M), which is a phenothiazine antihistamine wit! 
or no neuroleptic activity’ was much less active (F 
Similar results have already been reported for doy 
In addition a maximally stimulating concentra 


duced by 100 «M  2-amino-6,7-dihydroxy-1,2,3 
hydronaphthalene. These observations suggest that. 


agonists have the same locus of action. . : 


preparations, namely the renal artery of the do 
certain neurones of the snail Helix aspersa”, epinin 
also found to be equipotent with dopamine. Amon 
simple dopamine analogues there is an absolute. re 
ment for a catechol grouping and a 2 carbon side chain 
attached to an amino group. The structural and conf 

mational requirements of the amino group are apparently | 


less stringent, as even the quaternary methyl ammonium _ 
compound still retains some activity. Activity is also not _ 
abolished when the amino group is incorporated i = 
second ring as in 6,7-dihydroxy-tetrahydroisoquino 
to the greater potency of the dopamine analogues where __ 
the side chain is incorporated in an extended form, BS 
in 2-amino-6,7-dihydroxy-1 ,2,3,4-tetrahydronaphtalene. and č 
apomorphine, it seems that the preferred conformation of 
dopamine on interaction with the adenyl cyclase system is- 
probably similar to the fully extended trans form. This has 
been shown to be the preferred conformation of dopamine in . 
the solid state by X-ray crystallography”, in solution. by 
NMR analysis and in vacuo by theoretical calculati 
Calculations based on published X-ray data for dop 
and apomorphine” of the interatomic distance 
the catechol oxygens 0; and O: and the nitrogen ato 
the amino group show that in dopamine N-O; is 
and N-O: is 7.83 A. In the two gauche forms of do am: 




















Table 2 Effect of B-naphthylamine, tetrahydroisoquinoline and aporphine analogues on rat striatal cyclic AMP production 
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* Stimulation produced by 100 pM dopamine is taken as 100%. For experimental details see Fig. 1. 
+ ECSO is taken as the concentration giving half maximal stimulation obtained between 107? and 10~°M. 


(Fig. 3) these interatomic distances are significantly 
smaller. This may be regarded as further evidence for the 
concept that the preferred active-site conformation of 


a dopamine resmbles the fully extended trans form. Molecular 
: models of the rigid analogue 2-amino, 6,7-dihydroxy-1,2,3,4- 
| tetrahydronaphthalene clearly show that the conformation 
of the amino and catechol group is very similar to that 
occurring in the crystal structure of dopamine, thus prob- 
ably accounting for its potency as an agonist. Similar sug- 
gestions have been advanced by Rekker er al.” who have 
argued against Kier and Truitt’s’’ suggestion that the 
gauche conformation of dopamine, and hence the tetra- 
hydroisoquinoline portion of apomorphine, are the im- 
: ° 
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Fig. 2 Effect of b, 10-° M chlorpromazine and c, 107% M 

promethazine on a maximally stimufating concentration of 

2-amino-6,7-dihydroxy-1,2,3,4-tetrahydronaphthalene (10-74 

M) a, 10- M 2amino-6,7-dihydroxy-1,2,3,4-tetrahydro- 

naphthalene alone. Basal cyclic AMP levels for experiments | Sse | | vee 

in Fig. 2 were 32.5 pmol per assay tube (2 mg wet weight Fig. 3 ac, Newman projections of dopamine conformers: 
of tissue). For experimental details see Fig. 1. a, trans; b, c gauche; d, apomorphine. 
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portant conformations and moieties, respectively, for inter- 
action with the dopamine receptor. The conclusions of 
Rekker ef al. are supported by our present results. These 
findings also support the suggestion of Horn and Snyder” 
that the preferred conformation of dopamine at its receptor 
site is similar to the fully extended trans form, and that 
this conformation could be superimposed on the X-ray 
structure of chlorpromazine, hence accounting possibly for 
the receptor blocking activity of the latter compound. 

The results reported here may help in the design of future 
dopamine receptor stimulating agents. In particular rigid 
analogues of dopamine such as 2-amino-6,7-dihydroxy- 
1,2,3,4-tetrahydronaphthalene or other similar compounds 
may be useful anti-Parkinsonian drugs’™™™, Initial studies 
suggest that 2-amino-6,7-dihydroxy-1,2,3,4-tetrahydronaph- 
thalene does not cross the blood brain barrier and possibly 
modifications of the molecule to increase its lipid solubility 
should be examined. 
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Demonstration of indolaminergic fibres in the 
median eminence of the duck, rat and monkey _ 


Many reports provide physiological evidence that mono- => 
aminergic (catecholaminergic and serotonergic) systems are < 
involved in the control of the secretion of the hypothalamic - 
hormones (releasing factors) at the level of the median eminence =~ 
(ME) of the rat. Dopaminergic and noradrenergic fibres — a 
have been shown in the median eminence by histofluorescence 
technique!~’. This technique fails to demonstrate the sero- ~ 
tonin (5-HT) fluorophores because of their low yield and rapid 
fading®. 

As serotonergic neurones are able to take up ail ‘etait 
selectively endogenous or exogenous 5-HT, we have used 
3H-5-HT to demonstrate by radioautography® osere i 
tonergic, or more generally, indolaminergic neurones in the 
ME of three species; the duck (Pekin), the rat (Wistar) and 
the macaque (Macaca mulatta). Adult male ducks and rats 
and adult female monkeys were used as experimental animals. = 
They were all pretreated with a monoamine oxidase inhibitor 
(nialmide) injected intraperitoneally at the rate of 200 mg — . 
kg for 4 h before administration of the tracer which was - 
given either in vive by intraventricular®’ injection, or in 
vitro by incubation. n 

In the in vivo experiments, the animals were killed 30 min 
to 3 h after tracer administration. The animals were perfused 
with saline, then with 3.64°% glutaraldehyde solution in 0.05 M => 
phosphate buffer. The dissected tissues were postfixed in 2%, -< 
OsO, in the same buffer, dehydrated in ethanol and embedded eer 
in Epon. For in vitro experiments, the following procedure was 
used. After decapitation, the median eminance was incubated E 
in 5 mi of a physiological medium containing 0.2 pCi ml7? = 
and 0.02 pg ml~1 of °H-5-HT, that is a 10-? M concentration à 
of *H-5~HT. This low concentration was maintained by a = 
continuous renewal of the incubation liquid. The incubation _ 
lasted 45 min at 37° C (ref. 11). The tissues were then rinsed — 
in saline, fixed in glutaraldehyde, and treated for electron 
microscopy as described above. 

In each case, radioautographic treatment was performed 
as follows: thick sections were placed on glass slides, then 
coated with K5 (Ilford) emulsion and exposed for 15 d before 
development in D19B (Kodak). Thin sections were put on 
celloidin-coated slides, stained with uranyl acetate and. lead 
citrate and coated with a carbon film and a monolayer of L4 
(Ilford) emulsion. After exposure for 3 — 6 weeks, the slides were 
developed in Microdol X (Kodak). The treated sections were 
transferred to copper grids and observed in an electron micro- 
scope??, 

In the three species, locations of radioautographic reactions 
after intraventricular injection of the tracer gave results identical 
to in vitro incubation. In the duck, very dense accumulations 
of silver grains were mainly localised in the most external layers 
of the ME in the vicinity of hypophysial primary portal vessels .- 
(Fig. 1). In the rat, clusters of silver grains were seen throughout — 
the ME and were particularly abundant in the most ` 
external layers (Fig. 2a). In the monkey, the radioautographic 
reaction affected all layers of ME (Fig. 2b). Moreover, dense 
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Fig. 1 Electron microscope radioautographs of two adjacent 
thin sections of duck ME after intraventricular injection of 
3447-5-HT. There are dense accumulations of silver grains on 
reactive fibres while the background is practically free. The 
comparison of the two pictures shows the labelling of the 
same fibre in the two sections. This fibre reaches the basement 
membrane (BM). Insets show a, a degenerating fibre in the same 
region after 5,6-DHT treatment and, 6, an enlarged, labelled 
fibre with characteristic 1,000 A dense granules. 


and elongated clumps of silver grains frequently overlaid 
axonal bundles in the internal region. 

In all three cases, electron microscopic examination revealed 
that labelled structures were axonal varicosities (from 0.3- 
1 um) representing less than 1 % of axonal sections in the ME. 
These labelled fibres contained densely packed inclusions: 
electron lucent vesicles and more scarce but very typical dense 
granules of larger size (1,000 A) (Figs. 1 and 2). Some 
labelled terminals were seen in contact with the basement 
membrane close to portal vessels which are external and 
internal in mammals but only external in the duck. Other 
fibres made contact with a tanycyte process but no synaptic 
differentiation could be seen at this level. 

Our results give rise to three main questions concerning 
the nature of the radioactive molecules retained in the tissues, 
the identity of the labelled fibres and the function of such an 
innervation. 

As the main pathway of catabolism of 5-HT is its oxidation 
by MAO (ref. 13), which was inhibited in our experiments, 
it seems probable:‘that observed radioautographic reactions 
marked mainly the molecules of °H-5--HT. 

The second question raises the problem of the specific 
labelling of indolaminergic neurones by °H-5-HT, as at high 
concentrations, 5~HT may be taken up into adrenergic neur- 
ones, Thus, the most convincing evidence for selective up- 
take of °H-5-HT by 5-HT fibres comes from results of in 
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vitro incubations because at the concentration used (107? M), 
3H-5-HT is specifically taken up by serotonergic neurones™. 
Moreover, the ultrastructural features of the labelled fibres 
are clearly differentiated from those previously described in 
noradrenergic fibres”. Noradrenergic fibres are larger and 
contain more scattered inclusions among which eccentric core 
vesicles appear to be characteristic. On the other hand, dense 
1,000 A granules seemed typical of *H~5—HT labelled fibres. 
Finally, the pattern of labelled fibres after the administration 
of *H-5-HT was different from that obtained after administra- 
tion of labelled catecholamines **. This fact was particularly 
clear in the duck ME where catecholaminergic fibres are 
concentrated in the internal zone. 

A complementary pharmacological approach was attempted 
in this species to confirm the specificity of radioautographic 
results. Two intraventricular injections of 100 pg of 5,6- 
dihydroxytryptamine (5.6-DHT) which selectively destroys 
indolamine neurones*!’, were administered 4 and 2 d before 
the application of the tracer. After this treatment, no incorpora- 
tion of 3H-S~HT was observed in the ME, and degenerating 
fibres appeared in the external zone (Fig. la). 

All these results demonstrate the existence of indolaminergic 
fibres in the ME. To assume that they are truly serotonergic 
it would be necessary to identify them with structures contain- 
ing S-HT, the existence of which has been biochemically 
proved in bovine!® and duck? ME. 





Fig. 2 Light microscope radioautographs of the ME of, a, the 
rat after intraventricular injection of °H-5-HT and, b, of the 
macaque after low concentration in vitro incubation in °H-5-HT. 
Note the localised diswibution of radioautographic reaction 
and the low background. In the rat ME the tracer is preferen- 
tially localised near the internal and external plexuses. Insets 
show labelled fibres in each animal after low concentration 
in vitro incubation in 7H-S—HT. V, Third ventricle. 
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In the absence of clearly defined synaptic junctions, we 
can only speculate on the function of the indolaminergic 
fibres*®. Their proximity to the processes of tanycytes and to 
external basement membrane indicates that they may be 
involved in the transport of hypothalamic factors by glial 
cells and/or their release into the portal vessels. 

We thank Professor Droz, Dr A. Findlay and Dr T. K. 
Bhattacharyya for their helpful criticisms of the manuscript. 
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Antibody to bovine choline 
acetyltransferase and immunofluorescent 
localisation of the enzyme in neurones 


THE neurones of the central nervous system that contain 
catecholamines, or serotonin, can be visualised histo- 
chemically by the. highly fluorescent products that they 
form in the presence of formaldehyde vapour’. No such 
elegant method exists for demonstrating the cholinergic 
neurones. Published methods for th® histochemical localisa- 
tion of cholinergic terminals and choline acetyltransferase 
(ChAc)**, which is considered to be exclusive to them’, 
are indirect and non-specific. Recently, ChAc has been 
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purified and partially characterised from bovine caudate 
nuclei. We report here (1) the production of specific 
precipitating antibody against bovine ChAc in the guinea 
pig; (2) characterisation of the antibody by immunodiffu- 
sion, by immunoelectrophoresis, by electrophoresis of the 
specific immunoprecipitates and by enzyme analyses, and 
(3) the visualisation of the cholinergic neurones in the 
central nervous system by the immunofluorescent method 
using specific antibody against purified ChAc. The specific 
antibody to ChAc can now be used in conjunction with the 
recently improved immunohistological technique® to map 
the cholinergic pathway in the nervous system and to 
establish the localisation of the enzyme within the cholin- 





ergic neurone and its processes at the cellular level. Using _ 


the horse radish peroxidase technique* and specific anti- 
body to the glial fibrillary acidic protein, this astrocyte 
specific protein has been localised only within fibrous astro- 
cytes and their processes at the light and electron micro- 
scopic levels’. 


Specific precipitating antiserum to purified ChAc’ was et 


prepared in albino male guinea pigs (600-700 g) as follows. 
Each animal received an emulsion containing 225 pg of © 


ChAc, 0.7 ml 0.85% saline and 0.7 mi complete Freund’s = 
adjuvant (3.5 mg Myobacterium tuberculosis H37RA) by 
intradermal injection distributed equally among twelve = 
sites in the back. Seven days later an emulsion containing 
saline and 0.7 ml complete _ 
Freund’s adjuvant was injected into six other sites in the © ~ 


125 ug ChAc, 0.7 mi 0.85% 


back. Fourteen days after the first injection, an emulsion — 
containing 125 ug ChAa, 0.7 ml of 0.85% saline and 0.7 ml. 
of incomplete Freund’s adjuvant was injected into six other 
sites in the back. Thirty-five days after the first injection, . 
the two guinea pigs were bled by heart puncture. 


Immunodiffusion and immunoelectrophoresis studies with 
Both 


the guinea pig antisera were performed as before”, 
antisera formed specific immunodiffusion lines against the 


crude extract of caudate nuclei, partially purified ChAc Eo 


and purified ChAc but did not react against bovine serum 
or haemoglobin. The preimmunisation guinea pig sera did 
not react with any of the ChAc-containing extracts, bovine 
serum or haemoglobin. When the purified enzyme was sub- 
jected to immunoelectrophoresis at pH 8.6, one precipitin 


line was formed which corresponded to the area of migra- us 
tion for the ChAc when purified ChAc or a concentrated = 


solution of crude extract of bovine caudate nuclei were used 
(Fig. 1). 


Precipitates of immunoglobulin-ChAc complexes were _ 


prepared for electrophoresis by incubating the ChAc- 
containing solution with the antiserum for 1 h at 37°C 
followed by 20 h at 4° C. The precipitates were pelleted 
by centrifugation at 2,000¢ for 30 min in the cold and 
washed twice by resuspension in saline and centrifuged 
as before. Disc polyacrylamide gel electrophoresis in sodium 
dodecyl sulphate (SDS) of the crude enzyme extract, puri- 
fied ChAc and immunoprecipitates were carried out as 
before’’”, 

The homogeneity of ChAc has been demonstrated by 
polyacrylamide gel electrophoresis at pH 9.5 and 7.3 at 
different gel concentrations (ref. 7). The enzyme behaved 
as only one sharp peak in sedimentation velocity studies 
(L.P.C. and F.W. unpublished results). and also only 
one peak was obtained on gel filtration (L.P.C. and 
F.W., submitted for publication). The multiple bands in 
the SDS-polyacrylamide gel electrophoresis are not con- 
tamination but are rather aggregated subunits of the 
enzyme since ChAc aggregates easily”. Similar aggregation 
in SDS-polyacrylamide gel electrophoresis has been found 
for purified glutamic acid decarboxylase”, and this enzyme 
has been localised successfully in rat cerebellum by the 
immunohistochemical technique. 

Electrophoresis at pH 7 in SDS (Fig. 2) of the ChAc 
(gel 3a) showed a major component. migrating in the range 
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Fig. 1 Immunoelectrophoresis of purified bovine ChAc and 

crude extract of bovine caudate nuclei, Samples electro- 

phoresed: a, ChAc; 3 mg mi~’; b, crude extract of caudate 

nuclei, 17 mg mi~. Sera in the immunodiffusion troughs: 

1, preimmunisation guinea pig serum, 2, serum containing 
specific antibody to ChaAc, 


of 60,000-67,000 molecular weight with additional minor 
components. Gels 2b and 2c are immunoprecipitates ob- 
tained by mixing the crude extract with the antiserum, and 
gels 3b and 3c are precipitates obtained by mixing the puri- 
fied ChAc with the antiserum. In the absence of Cleland’s 
reagent (reducing agent), the immunoprecipitates from the 
crude extract (gel 2b) and the purified ChAc (gel 2c) showed 
intact 160.000 molecular weight immunoglobulin and the 
ChAc bands. In the presence of Cleland’s reagent, the im- 
munoprecipitates from the crude extract (gel 3b) and the 
purified ChAc (gel 3c) showed the major enzyme band, the 
53,000 molecular weight heavy chain, and the 25,000 mole- 
cular weight light chain of the dissociated immunoglobulin. 
The minor enzyme bands were obscured by the heavy chain 
immunoglobulin, The electrophoretic analyses of the specific 
immunoprecipitates demonstrate that the antiserum reacts 
specifically with the purified ChAc with was used to elicit 
the antibodies in the guinea pig. 
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Fig. 2 Polyacrylamide gel electrophoresis in sodium do- 
decyl sulphate of a crude extract of caudate nucle: purified 
ChAc, and immunoglobulin- ChAc complexes. Gels la-3a 
contain 7.5% acrylamide. Gels 1b-3b and ic-3c contain 
10°, acrylamide. The protein samples in gels la-3a and 
ic-3c were treated with Cleland’s reagent; gels 1b-3b were 
not treated with Cleland’s reagent. Gels la, Ib and Ic were 
mixtures of conalbumin (a), serum albumin (b), ovalbumin 
(c), chymotrypsiongen A (d), and cytochrome (e). Gel 2a was 
the crude extract from caudate nuclei;,gel 3a was the purified 
ChAc: gels 2b and 2c were immunoprecipitates obtained by 
incubating the crude extract with antiserum, and gels 3b and 
3c were immunoprecipitates obtained by incubating the 
purified ChAc with antiserum. 






For enzymatic studies, aliquots of partially purified 
ChAc (50 gl) (which is more stable than the purified ChAc)’ 
were incubated with equal amounts of each of the three 
following solutions: (1) 0.05 M potassium phosphate, pH 
7.0, containing 0.5 mM EDTA and 7% glycerol; (2) immu- 
nised guinea pig serum; (3) preimmunised guinea pig serum. 
The incubations were carried out at 37° C for 1 h and then 
at 4° C for about 20h. The three mixtures were centrifuged 
at the end of incubation. The enzymatic activity in the super- 
natants and their corresponding resuspended precipitates 
were determined by the spectrophotometric method” in the 
presence of creatinine-HCI". No precipitates were formed 
in the controls (mixture 3, preimmunised serum). White 
precipitates could be seen in the tubes containing ChAc 
alone (mixture 1) or ChAc plus immunised serum (mixture 
2), however, the precipitates showed no enzyme activity. 
The enzymatic activity recovery was 88%, 69% and 95 % 
in the supernatants for the ChAc incubated with solution 
1, 2 and 3, respectively. About 30% of the ChAc was com- 
bined with its antibody during the incubation (solution 2) 
and this combined ChAc was inactive. There was only 59% 
recovery in the supernatant when the ratio of the ChAc 
to antiserum was 1:2 instead of 1:1. ChAc in the presence 
of preimmunised serum (solution 3) was more stable to 
prolonged incubation than in buffer alone (solution 1). 
This is consistent with our finding that other proteins have 
a stabilising effect on ChAc’. 





Fig. 3 Immunofluorescent localisation of choline acetyl- 
transferase in 10 pm frozen sections of the anterior horn of 
bovine spinal cord. a, Some of three anterior horn cells and 
their processes fluoresce while the adjacent white matter has 
only scattered spots of fluorescence. Note the absence of 
nuclear staining in the neurones (x69). b, Control anterior 
horn section with preimmunised guinea pig serum. c, Same 
as a{ x 138). 


The anti-ChAc fluorescent antibody test was carried out 
by procedures previously reported’’. Antiserum to guinea 
pig y-globulin labelled with fluorescein was purchased from 
Antibodies Inc., Davis, California. Preimmunised and im- 
munised guinea pig sera were used in 1:20 to 1:80 dilutions. 
Lyophilised cryostat sections (10 um) of the anterior horns 
of the lumbar enlargements of bovine spinal cord were ex- 
tracted with chloroform for 15 s before incubation with anti- 
serum. This removed the bulk of the lipid without affecting 
the activity of ChAc’. The cholinergic anterior horn cells 
were strongly fluorescent after incubation with guinea pig 
serum containing antibody to ChAc and then with the 
fluorescent goat antiserum (Fig. 3a). There was 
fluorescence also in the processes of the anterior horn cells 
but little in the neuropil and the adjacent white matter. 
Control sections using guinea pig serum before immunisa- 
tion with ChAc were negative (Fig. 36). Further studies 
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on the immunoenzymatic localisation of cholinergic neu- 
rones in the nervous system are in progress. While this 
work was in progress, antibodies to rat brain were reported’. 

This study was supported by Grants from the US Public 
Health Service and the Veterans Administration. We thank 
Michele Burkstaller for technical assistance. 
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Muscle membrane protein 
kinase in myotonic muscular dystrophy 


Myoronic muscular dystrophy is an inherited disorder of man 
with manifestations in many organ systems including skeletal 
muscle myotonia and dystrophy, testicular atrophy, cataract 
formation, hypercatabolism of IgG, cranial bone malforma- 
tions, and glucose intolerance with enhanced insulin levels (see 
ref. 1 for clinical references). Our previous experiments demon- 
strated a significant diminution in the phosphorylation of 
endogenous membrane proteins of frozen erythrocyte ghosts 
from myotonic patients!. In subsequent studies the technique of 
electron magnetic resonance was employed to compare the 
erythrocyte membrane milieu of normal and myotonic paients?, 
Following incorporation of 5-nitroxide methyl stearate into 
erythrocyte membranes, the spin label was located in a less 


polar and somewhat more fluid region in myotonic membranes. 


than in normal membranes. Although’such experiments do not 
specify the molecular membrane abnormality or its possible 
relationship to protein phosphorylation, they do support the 
suggestion that myotonic muscular dystrophy is a disease 






resulting from a basic membrane abnormality. p Ta 

Erythrocytes were initially chosen for our study because of 
the ease of purifying membranes from normal and myotonic- 
patients. But more significant manifestations of the disease 
are in muscle where numerous physiological investigations have ~ 
demonstrated alterations of the surface membrane?*. The 


potentially low yield of surface membrane from biopsy speci- = 
mens together with the numerous secondary changes which = 


may be unrelated to the primary disease process retarded our 
early biochemical investigations of muscle membrane abnor- 
malities. With the demonstration of protein phosphorylation 
in purified fractions of rat muscle membrane, the technical 
capacity presented itself for evaluation of human biopsy | 
material’. In the data to be presented below, endogenous 
protein phosphorylation of muscle membranes was found to be 
diminished in myotonic muscular dystrophy compared to 
control tissue. These results confirm involvement of membrane 


protein phosphorylation and its usefulness as a sensitive index of © 


membrane abnormality in myotonic dystrophy. 
Six patients with myotonic muscular dystrophy representing 


six separate families participated in the study. All of these. 
individuals gave informed consent. Each experiment involved 
one patient and one control. The control muscle was obtained 
from patients undergoing orthopaedic operations involving 


femur or hip repair. None of the controls had any known 
muscle disease. Quadriceps femori muscle was used in al- 
cases. The control biopsies were obtained within 1 h of patient — 
biopsy; and both tissue preparations were fractionated simul- . 
taneously at 4° C according to a modification of the method of © 
Brody. The resultant membrane pellet consisted of a mixture 
of sarcoplasmic reticulum, sarcolemma, and other membrane — 
particles. Following determination of protein concentration’, 
assessment of endogenous protein kinase activity was carried — 
out by a modification of the methods previously used in our _ 
studies. This incubation mix contained freshly prepared muscle 
membranes and 50 mM sodium acetate buffer (pH 6.5); the. 


time of incubation was 20 s. All other reagents were identical to ee 
previous studies. Following solubilisation the polypeptides 
were electrophoresed on 7 1/2% SDS polyacrylamide gels. _ 
Gel staining and determination of radioactivity were performed = 
as previously described’. Nat, K*, Mg?*-ATP-ase of the- 

membrane fractions", adenyl cyclase’? and phosphoprotein — 


phosphatase! were assayed. 


Washed muscle membrane preparations from both control “Ee 
and myotonic tissues were able to incorporate **P into mem- 


brane protein using only y-??P-ATP as a substrate. As 


noted previously in erythrocytes and in rat muscle preparations 
both the enzyme and the protein substrate seem to be endo- 
genous components of the membrane. In each experiment = 
the rate of incorporation of **P was lower in the myotonic —— 


than the control membrane. In six experiments the total 
myotonic membrane phosphorylation averaged 64% of control 
activity; and this diminution is similar to that observed in 
erythrocytes (Table 1). | 

When the polypeptide profile of the membrane preparations 


from control and myotonic tissue were compared, no repro- 


ducible differences were noted. Three major components were 


found to be phosphorylated (Fig. 1). Phosphorylation of com- 


ponent | (molecular weight approximately 90,000-—100,000) 
was variable and after repeated washing of the membrane 
preparation in the Tris sucrose buffer used in membrane 
preparation, both the amount of component 1 relative to the 
other peaks as well as the phosphorylation were considerably 
decreased. These data suggest that component | is either an 
exogenous cytoplasmic protein or is phosphorylated by a 
cytoplasmic enzyme which is contaminating this crude particulate 
fraction. 

Components 2 and 3 were readily phosphorylated and were 
relatively unaffected By additional membrane washes. Com- 


ponent 2 had a greater apparent molecular weight than com- 


ponent 3 respectively as assessed by SDS polyacrylamide gel 
electrophoresis (50,000 compared with 30,000). Component 
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Fraction number 


Fig; 1 a, Sodium dodecyl sulphate-polyacrylamide gel scan of a 

_ typical muscle membrane preparation. b, Radioactivity expressed 

as pm®! per 20 s per mg membrane protein in SDS-polyacry- 

- lamide gel fractions. Experimental blanks consisting of boiled 

-membrane or no Mg** have been subtracted. Results are from 
a typical experiment. @, Control; ©, myotonic. 


> 2also had a slightly greater specific activity in vitro phosphory- 
lation (Table 1). In all six experiments, the rate of incorporation 
of ##P into components 2 and 3 was lower in myotonic mem- 
branes. In both components 2 and 3, the mean phosphorylation 
of myotonic membranes was 50% of control preparations. 

Na, K (Mg) ATP-ase activities were identical in control and 
myotonic membrane fractions. Similarly basal, isoproterenol, 
and fluoride-stimulated adenyl cyclase activity demonstrated 
no reproducible differences (Table 2). Phosphoprotein phos- 
phatase activity was absent in control and myotonic membranes 
under the conditions used in this study. 

The major limitation to evaluation of enzymatic changes of 
membrane fractions of human muscle tissue is the limited 
yield of purified fractions which may be obtained from biopsy 
specimens. In most studies, investigators sacrifice purity for 
> improved yield. But when doing so as in the present experi- 
= ments, one should be extremely cautious about the extent to 
which similar membrane preparations are being examined in the 
control and diseased situations. The comparable polypeptide 
profile as assessed by polyacrylamide gel electrophoresis, the 
similar Na, K (Mg) ATP-ase activity, as well as hormone and 





Table 1 Endogenous protein phosphorylation of muscle membranes 








Myotonic Control 
ae (pmol per mg per 20 s) 
~ Total membrane 
phosphorylation 995 +11 159418 P<0.02 
Phosphorylation of mem- 
_ brane Component 2 0.818 + 0.12 1.62 + 0.21 P<0.01 
_ Phosphorylation of mem- 
brane component 3 0.545 + 0.10 1.09 + 0.15 P<0.025 





Data from all six experiments. Total membrane phosphorylation 
represents the sum of all protein components. All experiments were 
performed in duplicate with experimental blanks (boiled membranes 
or reactions with Mg** deleted). Values indicated are the mean + 

s.¢.m. P was determined by the Student’s z test. 





ATPase 
(umol P per mg 
protein perh} 


Adenyl cyclase 
(pmol cyclic AMP per 
10 min per pig protein) 


Basal (0.} mM) (10 mM) + K* ATPase 
Control 2.24 5.19 18.8 17.8 23.7 
Myotonic 3.52 6.97 eee: 177 23.0 


Data from a typicalexperiment. Adenyl cyclase assay was performed 
on fresh tissue. ATPase was measured on tissue frozen at —20° for 
2 d. Each value is the mean of duplicates. In three additional experi- 
ments no differences in control or myotonic values were demon- 
strated, although each experiment resulted in slightly varying ac- 

tivities. 


fluoride-stimulated adenyl cyclase all support the com- 
parability of the membrane preparations. Nevertheless in 
animal experiments by Andrew et al. protein phosphorylation 
was found in a light density membrane fraction which could be 
separated from fractions containing the ATPase and cyclase™*?. 
Thus our studies contrasting protein phosphorylation must be 
viewed with considerable caution because of the hetero- 
geneous origins of the fractions used. 

In rat muscle preparations no polypeptide larger than 
30,000 was phosphorylated. In the present studies, phos- 
phorylation of the 90,000-100,000 molecular weight com- 
ponent was variably affected in myotonic muscle preparations 
and could be altered in both normal and myotonic preparations 
by extensive washing. In rat muscle tissue phosphorylation of 
high molecular weight components is characteristic of cyto- 
plasmic enzymes contaminating the membrane fraction. For 
this reason phosphorylation of this component was felt to be 
less significant than that of components 2 and 3. 

Phosphorylation of both of these components was signi- 
ficantly diminished in myotonic muscle tissue. But in these 
muscle membranes, the altered activity cannot be definitely 
attributed to a diminished enzyme because comparable activity 
in control and myotonic membrane components 2 and 3 could 
be demonstrated when the pH was raised to 7.5 and assays 
were carried out in the presence of Tris buffer (Fig. 2). Similar 


pmol per 20 s per mg membrane protein 





Fraction number 


Fig. 2 a, Radioactivityexpressed as pmol per 20 s per mg mem- 
brane protein in fractions corresponding to proteins 2 and 3 in 
a typical experiment using 10 mM Na acetate pH 6.5 as the: 
buffer system. b, Same experiment performed using 10 mM- 
Tris-HCI pH 7.5. ©, Control; @, myotonic. 
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| variations of proni phosphorylation with buffer, pH and 
E preparation have been observed with 
ce the enzymatic activity of protein 
) the membrane seems so easily affected 
ges, it seems more reasonable to ascribe 
myotonic muscle to an altered membrane 
c genetically mediated alteration in the 
‘he demonstration of lowered protein 
cle membranes confirms. the similar 
observations Mm >on erythrocyte ghosts. Although 
we were initially cerned that fibrosis, fatty infiltration, 
dystrophy or denerv ition might specifically affect the outcome, 
none of these seem to be ‘particularly pertinent since morpho- 
logical evaluation. of. the biopsies employed would suggest 
that minimal pat ‘was present in the muscle segments 
used. Whether the altered protein phosphorylation of muscle 
membrane and red: blood cells or the physical alteration in the 
red cell membrane is the more pertinent aetiological factor is 
not known at present. Either of these alterations might be 
associated with an abnormal membrane, and both would lend 
support to our concept of myotonic muscular dystrophy as a 
diffuse disorder of membranes. 
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cyclase assay, Michael Herbstreith and Wink Clingenpeel for 
technical assistance and M. Molbert for secretarial assistance. 
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Structural difference 
in sites on surface membrane 
of mature and immature erythrocytes 


MAMMALIAN cells transformed by oncogenic viruses or 
chemical carcinogens undergo characteristic changes in 
their surface properties such as lectin-induced cell agglu- 
tination’’. Normal cells show similar changes at their 
mitotic phase? or after mild protease digestion of their 
surface membrane**. This suggests that cells change their 
surface properties under various conditions and during the 
cell cycle. With this concept in mind, we studied the 
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Fig. 1 Con A-induced cell PET 
cytes and reticulocytes. 10° cells were, 
concentrations of con A at 37° C fo 

(@——@); reticulocytes 


changes on the membrane surface during the m 
of rabbit erythrocytes. We describe here the chang 
cell agglutinability and in the binding sites of con 
A (con A) on the cell surface during erythrocyte nii 
tion. as 

Reticulocytes were obtained from- phenytt VE 
injected rabbits? Rabbit erythrocytes and“ 
were washed three times with glucose-free Hank: b 
salt solution (HBSS). Con A and ‘I-labelled con- 
obtained as described previously’, Cells were sc 
agglutination on a qualitative scale from — to + 
after 20 min incubation at varying temperature. A 
appropriate concentration of con A (ref. 7). The 

of “U-con A (672 ¢.p.m. per pg con A) was carr 
at 37° C for 10 min with or without 100 mM. a-m 
glucoside (a-MG)’. 

Reticulocytes agglutinated at ‘much lower conce 
of con A at 37° C. Even at Sug mi” con A, reti 
showed marked agglutination, whereas no agglut 
was observed in the case of erythrocytes (Fig.1). . 

The agglutination of both these cells was temp 
dependent (Fig. 2). Erythrocyte agglutination was, h 
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Fig. 2 Temperature*dependent agglutination of: 
erythrocytes and reticulocytes. The concentration of. = 
used was 75 ug mi~’, Other conditions as in Fig 1. Eryt 

cytes (@———@®); reticulocytes (O-—-O). 
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Fig. 3 Binding of “Lcon A to rabbit erythrocytes and 
reticulocytes. 10° cells were incubated with varying concen- 
tration of @-con A at 37° C for 10 min, with or without 
100 mM a-methyl-p-glucoside, and were washed three times 
with HBSS. Erythrocytes (@-——@); reticulocytes (O-——_()). 


induced only at temperatures above 15° C whereas 
reticulocyte agglutination was observed even below 10° C. 
The difference in the agglutinability and in the temperature- 
dependence of these two cell types may be due to the 
difference in the number of surface receptors for con A. 

The number of “'I-con A binding per cell was, however, 
almost equal for each cell type (Fig. 3). This suggests that 
membrane changes other than the number of con A bind- 
ing sites are likely to account for the difference in the 
agglutinability of these cells. The differences we have 
observed parallel the difference in the agglutinability of 
normal and transformed cells, and may be caused by the 
difference in membrane fluidity and/or topographical 
distribution of con A receptor sites on the cell surface. 
We are now doing a comparative study on surface struc- 
ture and membrane components to understand the changes 
which occur during erythrocyte maturation. 
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Isolation of a 
collagen-dependent cell attachment factor 


Mosr untransformed mammalian cells require an appropriate 
surface for survival and growth im vitro; this phenomenon has 
been termed anchorage dependence!. Glass, tissue culture 
plastics, fibrin clots and collagen surfaces have long been 
recognised as substrates able to support the attachment and 
growth of cells. Since the cell plasma membrane is separated 
from plastics substrates by a 450 A layer of electron opaque 
material’, the nature of the 450 A would appear to be more 
important in cell attachment than the chemical composition 
of the plastic. It is demonstrated here that cell attachment to 
collagen is mediated by a high molecular weight protein 
present in serum. 

Petri plates were coated with collagen as described in the 
legend to Fig. 1. When 2 x 10° SV-3T3 cells were added to 
collagenised Petri plates and incubated in the presence of serum 
for 1.5 h, the number of cells attached increased as the per- 
centage of calf serum was increased from 0.03% to a plateau 
level at 3°% (Fig. 2). Cell spreading was observed in the 10% 
and 3% points in 1.5 h. The sum of the attached and un- 
attached cells (a) varied slightly with serum concentration and 
(b) was consistently slightly less than the number of cells 
inoculated (this may have been due to lysis of injured cells). 
By varying the time of the incubation, it can be seen that cell 
attachment started after 5 min, and continued for 6 h (at 
which time cell growth started in the high serum points) (Fig. 
2a). The number of units of attachment factor, as defined in 
the legend to Fig. 1, varied as a linear function of time (Fig. 2b). 
The number of units of attachment factor did not vary greatly 
when the number of cells inoculated ranged from 1.5 x 10° to 
2 x 105 (Fig. 3). It should be noted that the number of units 
of attachment factor varied between different commercial lots 
of serum. 

The ionic requirements for cell attachment were determined 
by omitting components from Eagle’s medium. Cells attached 
and spread in a medium consisting of NaCl, KCI (Mg?*, or 
Ca?+), glucose (at concentrations found in Eagle’s medium) 
and 10 mM Hepes (pH 7.5) (no CO, or bicarbonate were 
used). The minimal attachment medium was 65% as effective 
as Eagle’s medium as determined from the ratio of units of 
attachment activity in both media (omission of glucose or KCI 
results in less effective cell attachment). Cell attachment de- 
pended on either Mg?* or Ca?+, whereas Sr**+ and Ba?t were 
inactive in the assay (Fig. 4). The pH optimim for cell attach- 
ment is in the physiological range, between pH 6.0 and 8.5 
(high pH results in precipitation of Ca?* and Mg?** as their 
hydroxides). > 

The attachment factor was purified by batch preparation 
procedures as described in Table 1. The DEAE purified factor 
(Fig. 5) was half inactivated by treatment for 5 min at 65° C 
and had a pH of 4.8 (Fig. 6). Purified attachment factor (DEAE 
step) was stable to treatment at 37° C for 16 h with 10 ug ml ~? 
of either trypsin or pronase. The factor seemed to be of mole- 
cular weight greater than 200,000 since it was eluted at the 
void volume of both Sephadex G-100 and G-200 columns. 

The rate of binding of attachment factor to collagen was 
assayed by (a) exposing air-dried collagenised plates to a series 
of dialysed cell attachment factor (second AmSO, step) con- 
centrations in the presence of 0.9% NaCl (6) washing the 
plates eight times (2 min per wash) with 0.9% NaCl to remove 
unbound factor and (c) assaying cells in Eagle’s medium 
without serum in order to determine the amount of factor 
that has been bound to the collagen. Figure 8 demonstrates 
that factor binds rapidly to collagen in the absence of divalent 
actions. Up to 30 min, {he amount of factor bound increased 
linearly with time; the non-linearity in factor binding after 
30 min may have been due to an increase in the number of 
collagen binding sites as the air-dried collagen swelled slightly 
during rehydration. 
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Fig. 1 Top, Petri plate washer, made from plastic box and 
bottom of a Rubbermaid (No. 6049) dish drainer; Middle, Petri 
plate tray; Bottom, Rubbermaid plastic boxes for saline and 
discarded solutions (used in Washing Petri plates at the end of the 
assay); Bottom, Petri plate decanter, made from spring-loaded 
pants clamps and metal rod. Petri dishes were coated with 
collagen as follows. Collagen was prepared by acid extraction, 
and salt and ethanol precipitation**. Freshly dissected rat tail 
tendons (8 g) were stirred overnight in 11 of 0.2% citric acid 
and insoluble material was removed by filtration on a Buchner 
funnel. Collagen was precipitated by adding 10% (w/v) NaCl 
and was spun down at 10,000g for 15 min. The white precipitate 
was Solubilised by stirring it in 0.2% acetic acid for several 
hours. The collagen solution was reprecipitated by adjusting the 
PH to 8.0 with NH,OH, adding 20% (v/v) ethanol, and pelleting 
at 10,000g for 15 min. The collagen was lypholysed and stored 
for up to 6 months at 15° C. Bacteriological Petri plates (Falcon 
No. 1007) were coated with collagen by placing the bases in a 
large plastic tray and dispensing into them 1.5 ml of 0.25% 
collagen in 0.2% acetic acid plus 0.002% phenol red with a 
2-m! Cornwall pipetter. After rocking the tray to ensure uniform 
coating, the collagen was gelled by placing a partially NH,OH- 
soaked, cloth-lined lid over the tray. The plates turned a metallic 
red colour in 5-10 min, when the lid was removed and the plates 
were air-dried. To reduce control levels in the assay, the com- 
pletely air-dried plates were treated with 8 M urea for 20 min 
in Petri plate washing trays. The bottoms were washed three 
times with distilled water (5 min per wash) and then air-dried. 
The collagen-coated plates can be stored at room temperature 
for at least 2 months. 
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Fig. 2 Cell attachment assay. 2 x 10° cells were incubated at 
37° C for 1.5 h on collagenised plates in the presence of serum. 
A, attached cells; W, unattached cells; @, attached + unattached 
cells. Petri plates were loaded with 5 ml of Eagle’s minimal 
essential medium (Gibco catalogue No. F-11) containing 
200 ug ml— bovine serum albumin (Sigma) with the required 
amount of serum or factor and preincubated at 37° C in a 5% 
CO, in-air incubator for | h (to allow the factor to bind to the 
collagen). Generally, serum concentrations in increments of 
one-half decade from 0.001% to 10% serum were used. During 
the Petri plate preincubation, semiconfluent SV-3T3 cells were 
(a) detached by a 15 min trypsinisation at 37°C with 0.25% 
Bacto-trypsin (Difco) and (b) washed twice in serum free Eagle's 
medium containing 200 ug mi~! bovine serum albumin. After 
the Petri plate preincubation, 2 x 10° washed cells were added 
to each plate and incubated at 37°C in a CO, incubator for 
1.5 h. Petri plates were emptied with the Petri plate decanter 
(Fig. 1), filled with 0.9% NaCl, decanted again and trypsinised 
for 10-15 min with 5 ml of 0.25% trypsin. The cells removed 
from the collagen were then counted with an electronic cell 
counter. Two samples of serum were compared with respect 
to cell attachment factor activity by (i) making serial half 
decade dilutions of the two samples and (ii) determining that 
percentage of serum which attaches 50% of the cells attached in 
the 10% serum controls. A unit of attachment factor is defined 
as the reciprocal of that percentage of serum that attaches half 
of the cells attached in the 10% serum controls (unit= 
1/% serum ,),). The reciprocal of serum concentration is used to 
assign a higher number to a more active sample. The use of 
reciprocals does not change the magnitide of the ratio of 
activities, since x/y=(1/y)/(1/x). As defined, the unit of attach- 
ment factor is proportional to the concentration of factor; 
the unit’s dependence on time of incubation and number of cells 
used is given in the text. 
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Fig. 3 Time course of cell attachment on collagen. x, 5 min; 
4, 10 min; O, 15 min; O, 30 min; A, 1.5 h; @, 3 h; @, 6h. 
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The process of cell attachment to collagen can be divided 
into at least two steps. (1) A high molecular weight serum 
protein must bind to collagen; and (2) a divalent cation- 
dependent reaction is required for cells to attach to the collagen- 
serum factor complex. These steps can be distinguished from 
each other since the serum factor binds to collagen in the 
absence of divalent cations or cells; whereas, cells bind to 
factorised collagen only in the presence of Ca?* or Mg?*. 
Cell spreading on a collagen substratum may be mediated 
by the cell attachment factor, described here, since column 
fractions which mediate cell attachment also have cell spread- 
ing activity. 

Collagen’s role as a cell substratum may be identified as 
one of its major physiological functions from the following 
evidence. First, biochemical methods indicate that collagen 
represents 20° of total protein in mammalian tissues, with 
the exception of the nervous system’. Second, it is well known 10 3 03 01 6.03 6.01 0.603 9.001 
that collagen is found intracellularly in many tissues** and is Calf serum(",,) 

Fig. 5 2 x 10° (a), 7.5 x 10° (W) and 1.5 x 10° (@) cells 
were incubated on factorised collagen for 3 h. More cells 


attached in low percentage serum when a high cell density was 
used than at high percentage serum when a low cell density 
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} : : ý . Fig. 6 Divalent cation requirement for cell attachment to 


Time(h) collagen. 2 x 10° cells were incubated at 37°C in a medium 
consisting of NaCl; KCI; glucose (at Eagle’s medium con- 
: : , f centrations), 10 mM Hepes, pH 7.5; 10% calf serum equiva- 
Fig. 4 Relationship between units of attachment factor and lent of the DEAE purified factor (as assayed in complete Eagle’s 
time (O). medium); and various divalent cations. No CO, was used to 
avoid the precipitation of carbonates. ©, Mg?*; W, Ca**; 
@, Sr?* or Ba**. 
a M 
Table 1 Batch preparation of serum factor 
Step Total vol (mİ) Total protein Total units Specific activity Recovery . Purification 
| (280nm; 1 cm path length) (units/280nm) e 
(fractions diluted to Ix calf serum) 
Calf serum 1.000 71 14,300 201 — 1 
Ist PEG 200 20.16 14,300 711 100% 3.55 
Ist AmSO, 200 8.4 12,500 1,488 87% 7.4 
2nd PEG 200 5.4 10,000 1,851 7% 9.2 
CaPigel 400 2.2 1,940 882 13.6°%* 4.4 
2nd AmSO, 50 1.32 3,300 2,500 23% 12.5 
DEAE-11 90 0.30 2,500 8,350 17.5% 41.8 





The serum attachment factor was purified from calf serum by batch preparation method. Ist PEG (0-+4.5% PEG): using plastic labware 
to which PEG does not stick, 100 ml of a 50% (w/w) solution of polyethylene glycol-6000 (PEG) (Baker) solution was added to 11 of calf serum 
at 4° C. The precipitate which had formed in 30 min was spun down at 18,000g for 30 min and dissolved in 200 ml of 0.1 M imidazole + 
0.15 M NaCl (pH 6, 8) (standard buffer). Ist AmSO, (0->28.6% AmSO,): 80 ml of saturated (NH,) SO, was added slowly at 4° C to 200 ml 
of the Ist PEG material; after 20 min, the precipitate was collected by centrifugation at 18,000g for 15 min and dissolved in 200 ml of standard 
buffer. 2nd PEG (14.5% PEG): 4 ml of 50% PEG was added to 200 mi of the ist AmSO, cut, and after 30 min the precipitate was removed 
by centrifugation at 18,000g for 10 min. 16 ml of 50% PEG was then added to the 1° PEG supernatant; after 30 min, the precipitate was 
collected by centrifugation at 18,000g for 20 min and dissolved in 200 ml of a standard buffer. CaPi gel: calcium phosphate gel (Brushite) 
was prepared according to Levin®. 200 ml of CaPi was added with stirring to 200 ml of the 2nd PEG material at room temperature. After 30 min, 
the gel was (i) spun down at 5,000g for 10 min; (ii) resuspended in 200 ml of 0.1 M aspartate (pH 6.8); (iii) spun down at 5,000g for 10 min, 
and (iv) eluted twice with 200 ml of 0.5 M aspartate + 0.1 M imidazole + 0.15 M NaCl(pH 6.8). 2nd AmSO, (0->30% AmSQ,): to the 400 ml 
of combined eluate was added 320 mi of saturated (NH,) SO, at 4° C; the resulting precipitate was spun down at 18,000g for 15 min, and 
redissolved in standard buffer to a final volume of 50 ml. DEAE-11 chromatography: 25 ml of the 2nd AmSO, material was diluted to 100 mi 
with cold water and precipitate which had formed in 30 min was removed at 10,000g for 10. min. The soluble material was then applied to a 
4.5 x 20cm DEAE-1! column which had been washed with 0.5 M KH PO, (pH 6.8) and 200 mi of one-quarter strength standard buffer. The 
column was then washed with 60 mi of 0.25 x standard buffer. The active material was eluted with 11 of 0.25 M NaCl + 0.1 M imidazole 

(pH 6.8) and the active peak was pooled (Fig. 5). 


Cells attached (x 105) M- ~ @ 





“10. 20 30 4 30 SBT 
Tube (150 drops per tube} 


Fig. 7 DEAE-11 chromatography of 2nd AmSO, fraction. 
At each arrow, the following solutions were added to the 4.5 x 
20 cm column: (A) 100 mi of diluted factor; (B) 60 mi of 0.25 
_ Strength standard buffer; (C) 200 ml of 0.65 strength standard 
buffer; (D) elution with 11 of 0.25 M NaCl + 0.1 M imidazole 
| (pH 6.8). Tubes 52 to 60 were pooled. 


{Attached-controls) x 10 O0 





Tube (25 drops per tube) 


Fig. 8 Isoelectric focused in a LKB 110 ml column, in a sucrose 
gradient containing 1.4 ml pH 3-6 LKB ampholytes and 0.14 
ml pH 3-10 LKB ampholvtes. 


produced by most tissue culture cell lines®. Finally, cell attach- 
ment to collagen has been shown here to depend on physio- 
logical parameters; namely, a requirement for divalent cations 
as well as a specific high molecular weight protein. 
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Fig. 9 Binding of purified attachment factor to saltages ? 
absence of divalent cations or cells. Collagenised plates 
treated with a series of dialysed factor concentrations in. 
NaCl and treated as described in the text. The washed 4 
were assayed for attachment activity in Eagle’s medi 

Ca** and Mg?* + 200 ug ml-? bovine serum albumin 
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Effect of zinc on haemoglobin binding 
by red blood cell membranes 


ResuLTS of recent studies in our laboratory have. suggested. ; — 
that zinc plays an important role in sickle cell. anaemia, 2 a A — 


to affect filterability. A recent report uee ‘that "sick g 
involves the accumulation of calcium* which is known 








that zinc decreases the amount of haemoglobin assoc 2 
with red cell membranes and inhibits the effect of calci 
in causing haemoglobin retention by membranes. __ 

Single stage red cell membranes were prepared — 
technique of Hoffman’ with minor modifications.: 
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Table 1 Haemoglobin retention by ghost cells 
tL e 
Hb | Hb Mean cell | Hb 
Sample type (g% in initial (2% in final volume (g % corrected for °? Retention t test 
packed cells) ghost pellet) (um?) change in MCV) of Hb 
No addition 25.2141.8 1.86+0.6 73.6419 1.86+.0.6 7442.5 
(control) f= 6,3 
P <0.001 
- ZnSQ, ghosts 24.94+0.8 0.79 +0.2 22.942.5 0.25+0.1 1.0+0.3 
CaCl, ghosts 25.81 -4-1.0 21.7942.4 21.54 1.6 6.39+0.9 24.6-+4.1 f=45 
P <0.01 
CaCl, + ZnSO, 24.48 +-2.1 10.4144.0 22.1 +2.3 2.50 +0.5 10.7-+2.6 
ghosts 


All values are the mean +1 s.d. of four observations. ZnCl, had approximately the same effects when substituted for ZnSO,. 


haemolysis. The principle of this technique is based on the 
knowledge that erythrocyte membranes lose their selective 
permeability at haemolysis and immediately thereafter, facilitat- 
ing the introduction of various normally nonpenetrating 
compounds into the cells**. In our experiments normal red 
cells to be haemolysed were divided into four aliquots and 
treated as follows: no addition (control), zinc sulphate 
(1.5 mM), calcium chloride (1 mM), and calcium chloride 
(1 mM) plus zinc sulphate (1.5 mM). Hypotonic exposure 
lasted 20 min. In all but the control aliquot enough sodium 
chloride was added to achieve the same ionic strength as the 
calcium chloride plus zinc sulphate solution. After hypotonic 
exposure with 10 volumes of water the red cell membranes 
were resealed with isotonic saline—0.01 M Tris buffer, pH 7.4, 
and washed until the supernatant was clear of haemoglobin. 
The haemoglobin in these ghost cell preparations was measured 
by the cyanmethaemoglobin method. The size and the mean 
cell volume (MCV) of the ghost cells were calculated using a 
Coulter counter with multichannel particle size analyser and 
recorder. Haemoglobin concentrations in the membrane pre- 
parations were corrected for the decreased size of the red 
cell membranes compared with original red cells, since shrink- 
age of these ghost cells results in some increase in concentration 
of entrapped haemoglobin. 

Table 1 shows that the amount of haemoglobin retained in 
the membrane preparations after final washing was much less 
in the presence of zinc compared with control membranes. 
In the presence of calcium a large amount of haemoglobin 
was retained, as reported before?™™", When zinc was present 
together with calcium, however, much less haemoglobin was 
retained compared with calcium alone, although in both cases 
the membranes were similar in size (both were small). Equi- 
molar concentrations of lanthanum chloride, but not magne- 
sium, also decreased the haemoglobin-retaining effect of 
calcium in these preparations (data not shown). 

Calcium is known to interact with the interior of the red 
cell membrane, altering its configuration, decreasing passive 
permeability’, decreasing deformability’! and increasing 
haemoglobin retention!®#. Zinc seems to counteract the 
retention of haemoglobin by red cell membrane both in the 
presence and absence of added calcium. One effect of calcium 
may be to crosslink haemoglobin and membrane sites. If so, 
calcium may be involved in the pathogenesis of irreversibly 
sickled cells by promoting such crosslinking. It is tempting 
to speculate that zinc improves the filterability of sickle cells, 
and' promotes the elution of haemoglobin from red cell mem- 
branes, by blocking our hypothesised calcium-induced cross- 
‘linking of haemoglobin to membranes. 

This work was supported by a US Public Health Service 
research contract. 
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Nuclear segregation in Bacillus subtilis 


JACOB, BRENNER AND Cuzin? suggested that prokaryote 
nuclear segregation was achieved by cell surface extension 
between surface sites to which the chromosome is per- 
manently attached (Fig. la). Their model (model A) showed 
nuclear segregation occurring in newly divided cells, with 
all surface extension in one cycle occurring between the 
nuclei. Thus at cell division, nuclei would be arranged 
symmetrically in the half cell but asymmetrically during 
the interdivisional period. If nuclear segregation occurs 
during mid-cycle and cell extension is continuous through- 
out the cycle, the nucleus cannot reach a symmetrical 
position (that is at 25% of the cell length) by the 
end of the cycle relying solely on length extension. To 
overcome these difficulties, Clark? proposed that the nuc- 
leus is always located at the junction of old and new 
membranes with growth occurring on one side of the 
nucleus (model B, Fig. 1b). At nuclear segregation, the 
growing point divides allowing growth of the cell envelope 
between the nuclei as shown in Fig. 1b. Nuclei remain at- 
tached at the site of envelope extension, giving a newborn 
cell with an asymmetrically arranged nucleus. Donachie 
and Begg? have presented evidence for terminal growth 
regions in slow growing cells as predicted by Clark’s model. 
A third possibility is that the nucleus is located centrally in 
new born cells and moves to a position at the centre of a 
half cell at the time of segregation (model C, Fig. ic). 
These, and other possibilities, can be explored by determin- 
ing the position of snuclei in relation to cell length in 
exponential phase cells. 

Bacillus subtilis (168/S) (an asporogenic derivative of 
168 tryp” thy~ able to grow on succinate as sole carbon 


Nature Vol. 250 July 19 1974 


source at a generation time of 115 min) was grown in 
either succinate or glucose based minimal medium to 
minimise the cell separation time? and to give substantial 
numbers of mononucleate cells‘. Using Giemsa, nuclei ap- 
peared as small spherical dark blue bodies in a pale 
pink-to-colourless cytoplasm. The number and appearance 
of nuclei was highly reproducible under constant cultural 
conditions. Cells contain an average of 1.3 and 1.8 nuclei 
per unit on succinate and glucose media respectively. 
Each bacterial particle has been regarded as a unit even 
while containing a. septum. The time interval between 
nuclear segregation and cell separation, calculated from 
the age distribution theorem’ is 48.5 and 45 min for 
succinate and glucose (generation times 115 and 57 min). 
Large numbers of cells were photographed and, from the 
negatives projected on to a screen, positions and diameters 
of nuclei and lengths of cells were determined. Less than 
% of any population could not be scored because of 
poor staining and a slightly larger proportion was discarded 
that were not in focus. All measurements of the position 
of nuclei were taken from the distal edge of the nucleus 
to the centre of the cell. These data are shown in Fig. 2. 

The critical difference between model C and the other 
two is the abrupt transition of the nucleus from the centre 
of the cell to the centre of the half cell. If nuclei move 
apart gradually at early stages of segregation the nuclear 
attachment sites should be sufficiently close that nuclei 
would overlap and be scored as one larger than average 
nucleus. When plotted against cell length, the distance 
between cell centre and the distal edge of the nucleus 
should vary continuously as the two nuclei become visable. 
Figure 2 indicates that this is not so, and in fact the 
distal edges of nuclei of 85% of binucleate cells are at 
least 2.5 radii from the cell centre. Nuclei vary only 
slightly in size between mononucleate and binucleate cells. 
The best line connecting binucleate and mononucleate 
cells has a slope of about 1.5 in both media indicating 
that the nucleus moves along the cell apparently three 
times faster than the rate of length extension. The fre- 
quency distribution of distances from the cell centre 
to centre of nuclei are shown for two size classes of 
binucleate cells in Fig. 3. The peak for all cells is between 
20 and 24% from the centre, but there is a skew towards 
the centre in smaller cells. The data are shown relative 
to the average nuclear radius of mononucleate cells and 
there is only minimal overlap between mono and binu- 
cleate cells. The peak of the distribution of distance from 
the cell centre is slightly less than 25%, possibly because 





Fig. 1 Models of nuclear segregation in bacteria. a, The 
model of Jacob, Brenner and Cuzins’ (model A). All surface 
growth occurs between the nuclei. b, The model of Clark? 
(model B) in which nuclei are rigidly attached to a particular 
site and growth occurs only to one side of the nucleus. 
c, An alternative model (model C) in which nuclei move to 
a site 25% of the cell length from the poles. Surface growth 
occurs to both sides of the nucleus. Most intense stippling 
indicates newest cell envelope. 


Distance from centre (um) 





Celi length (san) 


Fig. 2 Position of nuclei relative to cell length. a, Glu- ee 


cose grown cells (96 units in sample); b, Succinate grown 
cells (247 units in sample). To stain the nuclei, bacteria were 
heat fixed onto glass slides, treated with 1 N hydrochloric 
acid at 60° C for 7 min, washed in phosphate buffer (pH 7.4), 
and stained with Giemsa (diluted 1:10 with distilled water) 
for 5 min. @, Binucleate cells; O, mononucleate cells; 
-—--~, graph of 25% of cell length, —-, graph of 50% of 
cell length; —, line of best fit (obtained by method of least: 
squares) for distal edge of nucleus. Regression coefficients 
for the glucose grown cells (a) for distal edge and nuclear 
centre respectively were 0.31 (significantly different to 0.25 
at 1%, probability using Students’ ¢ test) and 0.27 (not signi- 
ficantly different at 5% probability) respectively. The cor- 
relation coefficients were 0.87 and 0.76 respectively. 
Regression coefficients for the succinate grown cells (b) for 
distal edge and nuclear centre respectively were 0.25 and 
023 and were not significantly different to 0.25 at 5% prob- 
ability. The correlation coefficients were 0.67 and 0.65 
respectively. 


cell length has been systematically slightly overestimated. E 


As less than 5% of mononucleate cells show any deviation > 
from the centre of the cell, the nuclei are probably located = 


at 25% from the cell centre immediately before cell division. > 
Model B proposes that nuclei should be arranged asym- _ 


metrically in most cells of an exponential population. Less- 5 


than 5% of mononucleate cells show any asymmetry on 
either medium, and the data in Fig. 3 indicate that nuclei 
of most binucleate cells are arranged symmetrically in each 
half cell. 

Model C differs from A and B in the slope of the line 
relating nuclear position with cell length. Models A and 
B predict a slope of 0.5 whereas model C predicts a slope 
of 0.25. Although for both sets of data the scatter is 
considerable, the data favour model C rather than A or B 
(Fig. 1). Using autoradiography, Mendelson® has shown 
that nuclei in binucleate cells of Bacillus subtilis 168 are 
predominantly 25% from either pole but mononucleate 
cells were not included in his analysis. 

The rapid transition (less than 6 min) indicated by these 
data may be illusory, as in growing cells the nucleus may 
be arranged more diffusely than stained preparations sug- 
gest. If so, the location of the fixed nucleus probably rep- 
resents the focus of the chromosomes’ strongest interactions 
with the cell surface. The nucleus, however, may form a 
loose link with a new site earlier in the cell cycle. In 
Escherichia coli, segregation occurs close to the time of 
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Fig. 3 Frequency distribution of distances from cell centre 

to centre of nuclei. a, Data from Fig. 2a. —-—, Data from 

binucleate cells less than 2.8 zm long. ---, Cells of greater 

length. b, Data from Fig. 2b. =~ ~, Binucleate cells less than 
=- 2.6 wm long. ---, Cells of greater length. 
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Fig. 4 Postulated origin of cell surface for a cell at 
division. Length of zone calculated assuming linear rate of 
surface extension from sites occupied by nuclei and that 
segregation occurs at mid-cycle (S, septum). a, Synthesised 
in interval between segregation and cell division; b, synthe- 
sised before segregation in current cycle; c, synthesised in 
interval between segregation and cell division in previous 
cycle; d, synthesised before segregation in previous cycle. 





chromosome termination’ and this may represent the sig- 
nal for pre-existing weak interactions with new: sites to 
become predominant. po = 

If the site of nuclear attachment‘is a major site of cell 
envelope extension and the rate of length extension Is 
linear at each growth zone, the pattern of surface growth 
shown in Fig. 4 follows from the pattern of nuclear 
segregation in model C. The diagram shows the postulated 
distribution of cell surface synthesised during four periods 
for a cell which is about to divide. Lengthwise growth be- 
tween segregations (Fig. 45 and c) must equal half the 
length of a cell at segregation. Therefore, if nuclei move 
25%, of the cell length, they would move to the junction 
of old and new surface formed one generation previously. 
As this was the site occupied by the nucleus at the time of 
the previous segregation, ‘the pre-existing weak inter- 
actions’, discussed here, may have been established at this 
time. 

I thank Howard J. Rogers for advice and encouragement, 
Stephen Fox for photographic expertise and Helen Tate 
for statistical advice. 
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Chronic response of dogs 
to parathyroid hormone infusion 


WHEN parathyroid hormone is infused chronically at a near- 
physiological rate, it causes hypercalcaemia by a mechanism 
fundamentally different from that which follows acute in- 
jections. Hormones, like drugs, have characteristic rates of 
metabolism and excretion and their distribution in the body 
is affected by binding to plasma proteins and membranes. 
Thus similar dependence of the pattern of response on 
entry rate is to be expected in the case of other hormones 
with short half lives, acting on multiple receptors of varying 
sensitivity. 

As discussed in a recent review', parathyroid hormone 
(PTH) is an 84-residue single-chain polypeptide, which is 
probably secreted continuously at a rate regulated by the 
calcium concentration of the plasma. Its principal function 
seems to be to raise the calcium concentration in the plasma 
and extracellular fluid. Most of its multiple actions con- 
tribute to this effect and the rate of secretion of the 
parathyroid glands is inversely related to the circulating 
calcium concentration, providing close negative feedback 
control of the plasma calcium level. PTH accelerates bone 
breakdown and increases renal calcium retention and 
intestinal calcium absorption, this being the order of relative 
contribution of these actions to the hypercalcaemia elicited 
by injecting a large dose. Consideration of their individual 
dose-response curves, however, suggested a very different 
relative importance in normal physiology and led us to make 
a direct test of the effects of infusing minute doses con- 
tinuously for periods of several weeks. 
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A miniature syringe-type pump (the Mill Hill infuser) 
was developed for us by the Engineering Division of the 
National Institute for Medical Research to enable con- 
tinuous infusion during investigations and experimental 
therapy in freely mobile patients and large animals’. Large 
dogs, whose calcium metabolism is similar to that of man, 
were equipped with indwelling cannulae in the external 
jugular vein® and trained to wear the infusers on a light 
leather harness. Two cannulae were used, a technique per- 
mitting withdrawal of large well-mixed blood samples with- 
out interruption of the hormone infusion. 

The results of infusions lasting up to 3 weeks are 
illustrated in Fig. 1. A dose rate of 25 ng kg h` 
(0.05 U kg~* h`) continued for 3 d left the plasma calcium 
level of two dogs unchanged, but 100 ng kg h~’ caused 
marked hypercalcaemia in each of four animals, reaching 
a plateau within 24 h and continuing throughout the infu- 
sions. 

These results permit conclusions that could not be drawn 
from experimenis by subcutaneous injection, in which the 
rate of absorption and the extent of local destruction of 
the hormone are both uncontrolled. For example, they 
make possible an estimate of the plasma level of intact 
PTH required to produce marked hypercalcaemia. From 
published estimates of the half time of disappearance of 
intact PTH (approximately 0.1 h (refs 8~10)), it can be 
calculated that an infusion of 0.1 æg kg h~’ could only 
support an equilibrium circulating level of about 30 pg mi~’ 
of intact hormone. From the ‘black box’ relationship: 
content at equillibrium = (entry rate X 14)/0.693. Content 
is converted io concentration by assuming distribution 
throughout body water (50% of body weight). This estimate 
of the hypercalcaemic level is strikingly lower than present 
radioimmunoassay estimates of the PTH level in normal 
health (for example | ng ml-‘(ref. 11). The discrepancy 
underlines the fact that immunoassays can estimate bio- 
logical activity only very indirectly. For example, biological 
activity of PTH is associated with N-terminal fragments, 
whereas current immunoassays for this hormone measure 
principally C-terminal fragments of long half life’’?”’. 

The results in Fig. 1 also give an indication of the normal 
rate of parathyroid secretion. The hypercalcaemia shows 
that the circulating level of bioactive PTH must have been 
greatly increased by infusion of 100 ng kg h`, although 
on immunoassay evidence the output of the animal’s own 
parathyroids was presumably reduced virtually to zero at 
the calcium concentration reached". Copp and his col- 
leagues”, using crude parathyroid extract, estimated that 
the dose required to maintain plasma calcium in acutely 
parathyroidectomised dogs kept under anaesthesia was 
0.1 U kg! h`. This estinfate of the endogenous secretion 
rate is close to that which the present evidence suggests, in 
spite of the many differences in method. 

At first sight the evidence obtained on the mechanisms 
contributing to hypercalcaemia at this low level is surpris- 
ing. For example, signs of osteolysis were looked for in 
bone biopsy samples from the iliac crest before and after 
each infusion and alcohol-soluble hydroxyproline was mea- 
sured in the plasma (an index of collagen breakdown” 
which correlates closely with bone destruction’’"). The bio- 
psies, examined by Darby‘, showed no increase in osteoclast 
numbers or in the areas involved in resorption and the 
hydroxyproline levels did not increase during hypercal- 
caemia in any of the four animals (Table 1). 

Little support, however, can be found for the assumption 
that the acceleration of bone breakdown is a normal physio- 
logical response to parathyroid hormone. It occurs in 
patients with an actively secreting parathyroid adenoma 
and is known to be a direct effect of exposing bone to high 
concentrations of PTH (ref. 1). But the doses required to 
elicit a half-maximal hypercalcaemic response involving 
calcium mobilisation from bone are of the order of 
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Fig. 1 a, Plasma calcium levels of two dogs during and 
after infusions of highly purified bovine parathyroid 
hormone at 25 and 100 ng kg~’ h~ (0.05 and 0.2 MRC 
units kg h~'). Horizontal bars indicate the duration of the 
infusions, which were separated by an interval of 3 d. The 
mean and s.d. of the plasma calcium level during 5 d 
preceding the first infusion is shown on the left. The letters 
SF denote a temporary syringe failure. Preliminary descrip- 
tions of these experiments were presented at the Endo- 
crinology 1973 meeting’ and the Tenth European Symposium 
on Calcified Tissues’. Infusions were carried out at 2 ml 
per 24 h, in a vehicle consisting of 10% dog serum in 1% 
(w/v) sodium acetate trihydrate. This was heated at 56° C 
for 1 h (pH=7) to destroy proteolytic enzymes, adjusted to 
pH 4 with concentrated HCl, sterilised by membrane fiiltra- 
tion (Millipore membranes, mean pore size 0.45 u“) and 
stored at —20° C. It is a nonantigenic variant of the vehicle 
used in our laboratory for bioassay of parathyroid hormone’®. 
PTH dissolved in this vehicle at only a few pg ml“ was 
shown by the intravenous chick assay to be protected from 
surface absorption and to be stable for at least one week at 
room temperature. Calcium and phosphate analyses were 
carried out by atomic absorption spectrophotometry’ and had 
a coefficient of variation of less than 1%. b, Mean values 
of the plasma calcium level at corresponding times during 
infusions at the hypercalcaemic rate (100 ng kg~' h~’) to 
four dogs. As two infusions lasted for 2 weeks and two for 
3 weeks, the time scale is interrupted and restarts at the 
end of the infusions. The solid line is drawn to give an 
overall impression of the average effect, emphasising the 
slow onset of hypercalcaemia and the rapid fall in calcium 
level which followed termination of the infusion in all dogs. | 
This time course is consistent with the known slowness of | 
induction of enhanced intestinal absorption and rapid 
recovery from the renal action’. PTH, parathyroid hormone. 


20 U kg in dogs? and 50 U kg@ in chicks*—both sensitive 
species. Experiments including potentiation of the PTH 
response with a small intravenous calcium injection suggest 
that the slow osteolytic process is initiated by (and long 
outlasts) a very rapid cellular response involving calcium 
influx’ as well as activation of adenyl cyclase”, but these 
responses required doses of hormone corresponding to initial 
plasma levels thousands of times greater than the hyper- 
calcaemic level calculated above for the present infusion = 
study. . fe 
The hypercalcaemia due to infusion of 100 ng 
PTH kg h7 therefore presumably involves more sensi- 
tive responses and we looked for effects on calcium absorp- 











tion and excretion. The calcium absorption coefficient 
(a=calcium absorbed/calcium ingested) was measured by 
giving “Ca by mouth and “Ca intravenously” and follow- 
ing the isotope ratio in plasma until it became constant. 
Analysis of urine from these large dogs was .achieved only 
by housing two of them in metabolic cages for 24 h and 
comparing the concentrations of calcium and creatinine. 

A striking effect on calcium absorption was observed 


co during each infusion, œ rising to between two and four 


times control values’. This action of PTH is well estab- 
lished’, but its relative sensitivity was previously unknown. 
its mechanism may involve enhanced production of 1,25 
dihydroxycholecalciferol, a biologically active metabolite 
of vitamin D (refs 21 and 22) and induction of the vitamin 
D-dependent calcium-binding protein described by Wasser- 
man and Taylor”. 

The urinary calcium: creatinine ratio fell during PTH 
infusion in both dogs studied, in spite of the marked hyper- 
caleaemia and consequent increase in filtered load. This 
calcium-retaining action of the hormone is also well estab- 
lished’ and was recently studied in dogs by micropuncture 
during infusion of 2 U kg™' h™', a dose which greatly en- 
hanced distal tubular reabsorption”. Interestingly, the 
phosphaturic action of PTH has a proximal tubular mec- 
anism”, so presumably there are two anatomically separate 
sets of PTH receptors in the kidney alone. Although 
phosphaturia is known to be evoked by lower doses than 
bone breakdown*’, neither urine nor plasma phosphate 
concentrations changed during the present infusions. 





Table 1 Plasma hydroxyproline (ug ml~*) 





During 
Dog Control hypercalcaemia 
A Tim T2 
B 4.2 3.0 
C 35 3.2 
D 4.5 4.0 


i ap camila a aes 
Heparinised plasma for analysis (1.5 ml) was obtained by pooling 


aliquots from 3-5 successive days during control or infusion periods, 

each sample having been separated within 30 min and stored at 

20° C. Non-protein bound (alcohol-soluble) hydroxyproline was 
measured by the method of Le Roy, et al.**. 


These findings suggest the need to reassess current views 
of the biological role and clinical significance of parathyroid 
hormone. The contrast between the effects of administra- 
tion in a physiological manner and the well known response 
to single or intermittent injections is so great as to virtually 
reverse the currently accepted picture of parathyroid 
hormone as an agent of bone destruction. The evidence 
indicates rather that its physiological role may be to pro- 
mote calcium retention and bone formation and focuses 
attention on earlier studies in which PTH given chronically 
to rats in low dose was shown to have an anabolic effect 
on bone” ~”, 

This conclusion has clinical implications of two kinds. 
Pathologically, the qualitative difference between high-dose 
and low-doses responses to parathyroid hormone implies 


> -that the syndrome of hyperparathyroidism may need to be 


subdivided. The demineralising condition currently re- 
garded as typical may result only when there is gross over- 
secretion by the gland”, though it will be difficult to prove 
this until radioimmunoassay findings can be translated into 
circulating. levels of bioactive PTH. Manifestations of 
milder forms of the disease, includipg the frequent forma- 
tion of renal calculi, are probably much influenced by the 
dietary levels of calcium and vitamin D (ref. 31), but it 
is particularly interesting that there is evidence for general 
or localised increase in bone density in some cases of 





primary” and secondary” hyperparathyroidism. Therapeu- 
tically, the present study strengthens the case for clinical 
trial of parathyroid hormone in osteoporosis, alone or in 
combination with calcitonin’. As it seems that the renal 
and intestinal effects of parathyroid hormone can be ob- 
tained at a dose level which does not significantly increase 
bone breakdown, low doses may be capable of inducing a 
positive calcium balance and enhancing bone formation. 

Finally, the importance of close attention to physiological 
dose levels and entry rates in future studies of hormone 
action can be briefly illustrated from other recent findings. 
The very name ‘vasopressin’, commonly used as a synonym 
for antidiuretic hormone, provides an example of a mis- 
leading physiological conclusion reached on the basis of 
inappropriate dosage. The word suggests a vasoconstrictor 
and pressor agent, yet pressor effects are first seen after 
doses of 10-40 ug (5-20 U) in man”, which must produce 
blood levels of several ng ml~'. The normal blood level of 
this hormone is known now to be about 4 pg ml’ 
(2 „U mi~’), rising to 40 pg ml~' during water deprivation”. 
At this concentration, the hormone seems to act exclusively 
on the kidney. The need to imitate physological entry rates 
was also illustrated by work of Knobil and his colleagues”, 
showing that the ‘pre-ovulatory’ surge of luteinising 
hormone can be triggered by a small dose of oestrogen in 
ovariectomised monkeys. There was no dose which would 
produce the response unless a physiological basal oestrogen 
level had been established during the previous week by 
subcutaneous injections of oestrogen in oil or implanting 
crystals in a slow-release capsule. 

Insulin is another hormone with a wide variety of dose- 
related effects and it may be that the incidence of patho- 
logical changes in chronically maintained diabetics could 
be greatly reduced by imitating physiological blood levels 
more closely than the depot-insulins permit. 

Parathyroid hormone was prepared from fresh-frozen 
beef glands in the large scale laboratory of the National 
Institute for Medical Research, We thank Dr J. L. H. 
O’Riordan, Middlesex Hospital, for assistance in the final 
stages of its purification and the Armour Pharmaceutical 
Company, Eastbourne, who provided facilities for sterile 
ampouling. 
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Prenatal action of gtowth 
hormone on brain and behaviour 


Impticir in all physiological theories of learning is the 
concept that learning ability depends on neuronal inter- 
action, a function of both the number of neurones and the 
extent of their interconnections. Although learning ability 
varies with axo-dendritic development’, a similar relation- 
ship to neuronal number has not been demonstrated, 
possibly because neuronal proliferation in most species, 
including rat’ and man‘, has ceased in utero. As alterations 
in neuronal number must therefore occur before birth we 
hypothesised that any prenatal growth factor would increase 
the number of cortical neurones and enhance subsequent 
learning ability. We have investigated this question, using 
young rats which had received pituitary growth hormone 
as the prenatal growth stimulus. 

The experimental procedure is summarised in Fig. 1. 
Pregnant Wistar rats were treated at eandom in one of five 
ways: experimental animals received daily subcutaneous 
injections of either 3 mg, 1 mg, 100 wg or 10 ug of 
purified porcine growth hormone (0.6 U mg™*) and controls 
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Fig. 1 Time course for the experimental procedure. 


received the same volume of vehicle alone. Injections were 
given from day 7 of gestation, at the time of formation of 
the neural tube, until day 20 when each pregnant rat was 
injected intraperitoneally with 500 #Ci of tritiated thy- 
midine CH-TdR). Neurones in the cerebral cortex were 
labelled specifically by administration of “H-TdR at the 
time of their origin on day 20 of gestation’. The rate of- 





Experiment i: Successive brightness discrimination 
Stimuli Reinforced response 
All black —--——_-—-- Turn right 
All white —-~-—-----_ Turn left 





Experiment 2: Conditional brightness discrimination 


Conditional stimuli Reinforced stimuli 


PRG hy ese Black 
Sm O oth PE OPIA EIEII NE PERE E AEA N EIEE E aastasaja White 





‘Plus’ signs designate the ‘positive’ alleys 


Fig. 2 Procedures used in the conditional discrimination 
tasks. Experiment 1: syccessive brightness or spatial condi- 
tional discrimination where the animal is trained to turn 
right for reinforcement when both arms are black, and left 
when both are white. Experiment 2: brightness conditional 
discrimination where the animal is trained to turn to the 
black arm for reinforcement when the floor of the alley is 
rough, and to the white arm when the alley floor is smooth.. 
+, Denotes the positively reinforced discriminanda and the 
cross-hatching of the alley arm represents the rough tactile 
stimulus. 











3H-TdR uptake* 


Brain weight* into brain DNA 


Group | (mg) (d.p.m.) 
Control 3874-81 14,497 -4-4,763 
3 mg PGH 566+ 50 30,703 + 5,703 
1 mg PGH 562 + 60 23,480 + 6,458 
10 ug PGH 4514-63 23,069 = 1,771 

F 43.4 8.2 
d.f. 4,70 4,43 
P <0.001 <0.001 


Table 1 Effect of various doses of growth hormone on brain structure and learning ability 


Packing* density 
(d.p.m.mg~ of 
brain tissue) 











Number of trialst 

to obtain criterion 
performance on the 
second behavioural taský 


Number of trialst 

to obtain criterion 
performance on the 
first behavioural taskT 


54211 24+ 7 39+ 6 
41-12 I8- 5 30- 19 
5325-7 25+ 7 5110 
2:3 11.1 14.8 
4.43 4.63 4.62 
> 0.05 < 0,001 < 0.001 





Results are expressed as mean -+ s.d. PGH, porcine growth hormone. 


* Data analysed by a one-way fixed effects analysis of variance for unequal group sizes. . 
t Data analysed by a two-way fixed effects analysis of variance of unweighted means for unequal group sizes. 


t A learning criterion of 10 consecutive correct responses was used. 


proliferation within this discrete population was determined 
subsequently by the incorporation of “H-TdR into brain 
DNA, and the validity of the procedure was assessed by 
fine-resolution autoradiographic localisation. On the seventh 
day after birth the brains of half the offspring in each litter 
were examined. DNA‘ was extracted from each brain 
and its radioactivity was determined. Autoradiograms 
were prepared from one animal in each litter. 

The remaining offspring were examined for learning 
ability at maturity. On day 90 they were placed on a 23 h 
food deprivation schedule and tested for performance on a 
series of conditional discrimination tasks of increasing 
order of difficulty (Fig. 2). Animals were killed on day 300, 
blood collected and plasma concentrations of thyroxine’, 
testosterone", insulin’ and corticosterone’ in response to 
stress measured to determine any hormonal changes which 
may have influenced behaviour. 

Table i shows that growth hormone produced a signi- 
ficant increase in brain weight and cellular content. The 
number of cortical neurones increased as measured by the 
incorporation of °“H-TdR and subsequent localisation by 
autoradiography. In all autoradiograms a band of heavily 
labelled cells was found only in the supragranular layers 
of the cortex, indicating that “H-TdR uptake specifically 
reflects the proliferation of neurones within this region. 
When examined for functional capacity, offspring of 
mothers treated with growth hormone during pregnancy 
showed enhanced ability, obtaining criterion performance in 
significantly fewer trials than controls. This difference 
became particularly apparent on the second two-cue learn- 
ing task, where after 100 free trials, 63% of control animals 
had failed to reach criterion performance. In comparison, 
only one animal treated with growth hormone was unsuc- 
cessful by this time. Enhanced performance could not be 
attributed to activational changes as determined by both 
latency of responding and hormonal response to stress. No 
change was found in adult body weight or plasma hormone 
concentrations (P>0.05). Indeed at maturity, brain 
structure and functional capacity seemed to be the sole 
consequences of growth hormone treatment. 

These results show that the administration of growth 
hormone during the time of neuronal proliferation pro- 
duces a permanent increase in the number of cortical 
neurones and that there is a subsequent enhancement of 
learning ability. Although this period has been largely 
neglected as a vulnerable period of brain development, 
‘these findings demonstrate that it is critical not only for 
growth but for subsquent intellectual capacity. 
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Depolarisation of 
Onchidium neurone by glycine 


INTRACELLULAR recording of cholinergic synapses in the 
Onchidium oesophageal ganglia revealed one neurone, V-3, 
in the visceral ganglion in which neither membrane 
potential nor conductance changes after perfusion with 
0.5 mM acetylcholine. Significant depolarisation with in- 
creased membrane conductance was caused by 1.3 mM 
glycine. This response to glycine is opposite to that of the 
mammalian spinal motoneurone’~*. Neurones examined 
in the gangha, except V-3, were not affected by glycine. 
Here we report the ionic mechanism of glycine depolarisa- 
tion, and compare the effect of strychnine on glycine de- 
polarisation with its antagonistic action of mammalian 
glycine inhibition‘. 

The excised oesophageal ganglia were continuously 
perfused with artificial seawater (NaCl 457.6 mM, KCI 
9.6 mM, CaCh 10.4 mM, MgCl: 48.5 mM, pH, 7.8 by Tris- 
HCI, at 23° C). Two microelectrodes were inserted into 
the V-3 neurone, one for recording the membrane poten- 
tial, the other for applying current to polarise the 
membrane. The resting membrane potential was — 56.3 + 
4.9 mV (mean + s.d.) (30 cells). Some spontaneous excita- 
tory postsynaptic potentials, but no spontaneous firings 
were observed. The cells were depolarised about 40 mV 
with the membrane conductance increased to about: twice 
normal and they fired vigorously when 13 mM glycine was 
added to the perfusing solution. Ouabain (3 x 10-* M) had 
no effect on the level of resting potential or glycine de- 
polarisation. Thus, the depolarisation is probably not 
caused by the inactiyation of an electrogenic Na pump’ 
or the activation of the outward Cl pump’. The glycine 
depolarisation did not change significantly when the 
chloride ions in the bathing solution were replaced by 
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Fig. 1 Effect of displacement of membrane potential on 
amplitude, o% glycine depolarisation (glycine, 13 mM). b, 
Glycine depolarisation at original resting potential (— 53 
mV); a, at depolarised membrane potential of 43 mV; 
c, at hyperpolarised membrane potential of 50 mV; d, 
Amplitude of glycine depolarisation plotted against three 
different ‘levels of membrane potential. The membrane 
potential ` at the point where the dotted line crosses the 
abscissa was taken as the equilibrium potential for glycine 
depolarisation, RP, original resting membrane potential 
(— 53 mV). NSW, normal seawater. 
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Fig. 2 Relationship between amplitude of glycine (13 mM) 
depolarisation and [Na], in seawater. Amplitude of glycine 
depolarisation (mean+s.d., three V-3 neurones) plotted 
against [Na]o. Average of original resting membrane 


potential is shown as RP. The resting potential was stepwise 
hyperpolarised a total of approximately 17 mV by pe fale 


decrease from 1 to 1/50 in [Nals. 


Thus each glycine 
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acetate. Increase of [K]. to twice normal did no 
glycine depolarisation. 

To determine the equilibrium potential for gly 
polarisation, the membrane potential was chan 
current application. Figure 1 shows an equilibrium pot 
of +30 mV obtained by extrapolation of three exp 
mental values. This high potential indicates that the 
involved in the generation of glycine depolarisation e 
probably Na, or Ca ions, or both. ent 

The next series of experiments therefore. consisted mo 
changing [Na]o to modify this concentration gradient 
across the cell membrane (NaCl replaced by Tris€D. 
Stepwise decrease in [Na]. from 457.6 to 9.1 mM caused 
a corresponding stepwise decrease in the level of depolarisa- = 
tion by 13 mM glycine (Fig. 2). Note that the normal 
resting potential was hyperpolarised in steps corresponding 
to the stepwise decrease in [Na]e from 1 to 1/50, The 
total amount of hyperpolarisation was approximately 17 = 
mV. The reported depolarisation values are those measured © 
from each respective new ‘resting potential’. The changes __ 
in depolarisation for 10 times change in [Na]o was about) _ 
30 mV. Tetrodotoxin (3 x 107° M) had no effect on glycine 
depolarisation. This indicates that the glycine effect 
probably taking place at the subsynaptic membra 
For a five-fold increase of [Ca]., the glycine depolar 
tion remained at the same level. Hence, it may bec 
cluded that glycine depolarisation is due exclusively to 
increased permeability of the membrane to Na. Dou 
the concentration of Mg (97 mM) in seawater had no eff 
on the glycine depolarisation. The lack of effect o 
as well as Ca indicates that the glycine action is subsyn 
rather than presynaptic. Glycine was also effective 
applied locally to the soma and neck of the ¥-3. neuror 
passive diffusion from a glass microelectrode (tip diam 
about 3 wm). The neck portion of this neurone was 1 
more sensitive to glycine than was the soma. Synapses 
the Onchidium nervous system are always axo-axonic and 
are located in the neuropile at various distances from 
soma (T. Yamamoto, unpublished observation)? _ 

Interestingly, the effect of glycine on the V fo | 
was augmented, not blocked, by 2.5x10~* M. $tryc 
Figure 3a shows depolarisations at various concentra 
of glycine from 0.1 to 130 mM; Fig. 35 shows thea 
ing effect of strychnine on tach glycine dey <hr | 
membrane conductance at the plateau phase of depol: 
tion by glycine plus strychnine (Fig. 3b, right) was cer 
no larger than that from glycine alone (Fig. 3a, Ti T 
It may even have been smaller. Strychnine alone: an 
concentration had no detectable effect on the- ‘Test 






































effect of strychnine on glycin 


Fig. 3 Augmenting 
depolarisation at varjous concentrations of glycine. 
Glycine alone; b, glycine (0.1 to 130 mM) plus 2.5 x 10 


strychnine. Figures indicate glycine concentration (mM 
Strychnine alone had no effect on the resting membrane: | 
potential or conductance. ; o 
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membrane property, in contrast to its effect on the giant 
axon of the lobster’. The equilibrium potential of glycine 
depolarisation was 22.7 + 2.7 mV (four cells); that of 
glycine plus strychnine was 41.4 + 3.2 mV. The increase 
in membrane conductance was 58.3 + 16.2% in the former 
and 44.7 + 5.1% in the latter. The differences in equili- 
brium potential and membrane conductance change for 
glycine plus strychnine compared with glycine alone 
indicate that the strychnine augmentation is caused by a 
decrease in K permeability. 
Mention of the effect of GABA on the V-3 neurone may 
be worthwhile. a-Amino butyric acid (GABA, 10 mM) 
caused a few mV depolarisations of the V-3 nurone, At 
the same time it caused a decrease in membrane con- 
ductance to about 80% of normal. Preliminary experiments 
indicate that this depolarisation results in a decrease of the 
resting K permeability of the subsynaptic membrane. This 
effect is completely different from that on the vertebrate 
pre and postsynaptic membranes. Both membranes are 
depolarised by GABA due to increased Na and Cl 
permeability respectively”. 
In summary, glycine is excitatory in the V-3 neurone. 
Glycine depolarisation is due solely to increase in Na per- 
meability at the subsynaptic membrane. Strychnine aug- 
mentation is caused by K permeability decrease during the 
glycine depolarisation. The effects of glycine and GABA 
on the membrane properties of Onchidium are very differ- 
ent from their effects on vertebrate neurones, 
We thank Professor A. Simpson for his assistance in 
the preparation of the manuscript. This work was partly 
supported by grants from the Ministry of Education and the 
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Leptospiral motility 


THE motility of spirochaetes, especially the Leptospira, 
has interested many workers but has remained unexplained 
despite the application of modern techniques. Inadequate 
observations by Noguchi’ have been used by modern 
workers (Ritchie and Ellinghausen’; Nauman’) to construct 
inaccurate models of leptospiral movement, the main in- 
accuracy of which is that leptospires rotate upon their axes 
in free liquid. Noguchi’, however, did observe that “when 


Nature Vol. 250 July 19 1974 


one end is straight and the other semicircularly hooked, 
the organism usually progresses in the direction of the 
straight portion and seems to be propelled from the rear 
by the rotating hook’. Although not correct in important 
details, the observation of translational movement in the 
direction of a straightened portion is a fundamental 
principle. Previous observations and explanations were at 
variance with the physical principles of fluid mechanics. 
This paper presents information which we believe to be in 
accord with such principles. 

Observations were made using a Reichert Zetopan 
microscope set for dark ground operation. Videorecordings 
were made to aid the categorising of the movements, and 
direct observation was used to analyse the finer details. 
The organism used was Leptospira icterohaemorrhagiae 
strain 3H cultured in Korthof medium. Particulate matter 
was supplied to the organism either as particles of agar 
added to the culture on the microscope slide, or by allowing 
an active culture to invade semi-solid nutrient agar. 

Movement in free liquid. With non-translational move- 
ment (Fig. la) the body remains relatively stationary with 





Fig. 1 


Motility of Leptospira icterohaemorrhagiae. a, Non- 
translational movement in free liquid; b, translational move- 


ment in free liquid; c, crawling on a smooth surface, d, 
anchoring on a smooth surface: e, staple movement on a 
smooth surface. Arrows indicate point of fixation. 


either end waving in a circular motion in opposite 
directions. The rapid movement gives the appearance of 
spinning and the hooked ends blur into the familiar “button 
hole’ figure. Illumination causgs the organisms to move 
more slowly and under such conditions contra-rotation of 
the hooked ends may be observed. Though care must be 
exercised in extrapolating from the behaviour of such 
organisms to the normal state, the observation that organ- 
isms decelerate smoothly would suggest that an abrupt 
change is unlikely. The forces produced by this type of 
movement are seen to be equal in all directions as there is 
no net change in the position of the organism. 

When movement is Translational (Fig. 16), the end to- 
wards which the translation is effected performs helical 
waves travelling for a short distance of the length of the 
cell towards the trailing end. The trailing end forms a 
broad hook which waves in an irregular circle in the oppo- 
site direction to the propulsive helical wave to provide 
stability and prevent rotation of the whole body. The 
helical wave may also be observed when a portion of the 
body is fixed to or embedded in a particle and unable to 
rotate. An organism has been observed moving with a 
piece of colloidal graphite fixed to the tip of the trailing 
end. The particle was so massive with respect to the 
Organism that there was no tendency for the body to 
rotate, emphasising the function of the hooked tail. 








` Movement on a amwoth substrate. Leptospira may crawl 
‘ig, ic) either like a snake or, alternatively, by lifting 
clear and then re: ng parts of the body. A variant on 
this is circular crawling in which no sideways waves of 
propulsion are see: ‘he body in this case follows a circular 
path, the circumf ence of which is normally less than the 
length of the body. = 

The organism ma be: anchored (Fig. 1d). One end may 
remain fixed to the substrate despite high rates of flow 
in the medium. Frequently one end of the organism is 
seen to be fixed to itself further along, in place of the 
substrate. 

A third possibility is staple movement (Fig. le) so called 
because it can be imagined that the organism is passing 
through a staple or hoop fixed to the substrate. This move- 
ment often follows anchoring and is most probably due 
to the same process. By virtue of the small radius of the 
protoplasmic cylinder the surface energy would be relatively 
high, providing the physical adhesion necessary for this 
type of behaviour. When the organism moves through the 
‘staple’ the spiral of the protoplasmic cylinder behaves as 
if it were a screw, threading through a small hole. This 
keeps the, cell in intimate contact with the substrate in 
accordance with the surface energy concept. There is at 
present no direct evidence to indicate that surface energy 
forces are responsible for the phenomena observed. Equally, 
there is no evidence to indicate the presence of adhesive 
organelles or the secretion of adhesive substances. 

Movements in semi-solid medium. Translation is effected 
by snaking through the medium with the body conforming 
to the texture of the medium. The body is very flexible. 
It is not obvious how movement is actually carried out but 
the body once again screws through the medium. 

The most important point to arise from these observa- 
tions is the notion that when moving in free liquid 
Leptospira do not rotate about the axis as has previously 
been supposed. The hook at the trailing end of an organism 
performing translational movement remains relatively still 
thereby providing an ‘inert head’ fundamental to the 
effectiveness of the helical waves of the leading end of the 
cell as demanded by Taylor’s calculations on propulsion 
by helical waves‘. This basic requirement is not included 
in previous observations. 

A certain amount of roll about the long axis is inevit- 
able as a consequence of the helical nature of the propul- 
sive waves’, but this can be seen to be corrected for by 
flicking movements of the trailing hook. Any remaining 
rotation could not be confused with the rapid spinning 
described previously’ 2 

The rapid spinning seen in nontranslatory movement is 
now seen to be an illusion. There is no process available 
to produce rapid spinning in the absence of flagellae, cilia 
or jet devices, none of which have been observed. It is, 
however, a physical reality that the ends can wave in circles 
of opposite direction, each providing the necessary reaction 
to the other. | 

Any attempts to explain these movements at the sub- 
cellular level must be speculative at the moment. It is 
possible that the axial filaments might be responsible, 
provided that they extend along the axis of the body as 
a whole and are not themselves spiralled structures. This 
condition seems to be fulfilled’, a fact which eases the 
problem somewhat, since a system whereby a spiralled 
filament produces secondary spiral waves defies imagina- 
tion. The axial filaments are known to extend from each 
end of the cell for a short distance towards the middle, 
and it is the terminal portion of the cell that performs the 
locomotory function. 

The importance of these observations to the study of 
leptospires as pathogens lies in the insight gained as to 
how the pathogen solves some of the problems posed by 
both the external environment and the internal environ- 

































ment of the body of the host. 
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Bioassay of a Drosophila 
pheromone influencing sexual selection 


PHEROMONES function by transmitting information f 

sending to a receiving organism by chemical mean 
classic paper, Bossert and Wilson classified the effect 
such information transfer into releasing and p 
Releaser pheromones evoke an immediate overt behav 
effect, whereas primer pheromones activate the chem 
ceptor in such a way as to alter the physiology of 
receiving organism’. In general, studies involving the 
tion identification of pheromones have concentrated 
releasers such as sex attractants, alarm pheromones, 
pheromones and aggregation pheromones’, The advantage 
of using releaser pheromones in such studies is that 
behavioural effects can be observed even in a >? 
individual of the appropriate age, sex and species: 
makes the development of a relatively simple and f 
bioassay a straightforward process. So far the importan 
exception to the use of releaser pheromones has been th 
work of Butler et al. showing that 9-ketodecenoic acid 
hibits ovarian development in worker bees‘. This substa 
however, was first identified as the sex attractant of the 
queen bee and later shown to have a primer effect. We ee 
describe here a bioassay for a substance with an effect | oe 
which does not fit easily into either the releaser or primier Ee 
category. ee 

We have been attempting to isolate and identify the ae 
pheromones responsible for the rare male behaviour found Shee 
in Drosophila of several species and in other organisms”. -o 
Rare male behaviour is characterised by females preferring — 
the strain of males in least abundance presented to them __ 
as potential mates. This rare male advantage may have 
evolutionary significance, since it provides a mechanism 
for preserving a heterogeneous gene pool. 

In particular we are concerned with two intensively 
studied strains of Drosophila pseudoobscura, homozygous 
Chiricahua (CH) and homozygous Arrowhead (AR) — 
differing in third chromosome inversions’. Previous work 
has shown that when the ratio of males (CH:AR) is suf 
ficiently different from 1.0, males of the strain in le; 
abundance are favourea as mates by females of both strair 
(Fig. 1)*’. Furthermore, a compound or compounds of ow ae 
polarity extractable from CH males into light petroleum = 
ether (and to a much lesser extent into acetone) has been 
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shown to be capable of producing an advantage for AR 
males when the AR:CH ratio is 1.0 (ref. 7). 

Attempting to isolate and identify this active material, 
we have been led-to quantify the assay, and in doing so 
have been able to show that the behaviour can be con- 
trolled substantially by olfactory cues alone. In the mating 
trials, any extract was spotted on to the filter paper bottom 
of an Elens-Wattiaux observation chamber® and the solvent 
allowed to evaporate. Twelve aged females from each of 
the two strains were then introduced unanaesthetised and 
allowed to acclimate to the chamber for 1 min. Eighteen 
AR males and six CH males were then introduced in a 
similar manner and all matings were scored by direct ob- 
servation with a hand lens. As Fig. 1 shows, this CH: AR 
ratio of 0.33 normally produced nonrandom mating fre- 
quencies favouring the rare CH males; this held true both 
in clean chambers and in the presence of inactive com- 
pounds, solvent or low concentrations of active material. 
In the presence of petroleum ether extracts of CH males, 
however (prepared by tissue grinding flies in acetone, 
centrifuging, decanting and extracting the pellet with petro- 
leum ether, 30°-60° C), this rare male advantage could 
be removed. As Fig. 2 shows, this removal exhibited a 
threshold above which random mating (as measured by 
x?) is observed. The relatively high value of this threshold 
(ten to fifteen flies extracted ver fly present) may indicate 
that the extraction was incomplete or resulted in degrada- 
tion or loss of the material, that the actual pheromone 
release was directional (and hence more sparing of mat- 
erial), and/or that other cues (such as auditory, visual or 
tactile sensations®’"'') supplement the olfactory signals. The 
persistence of random matings even to high multiples of the 
threshold value lends strength to the supposition that other 
cues are also important. 

This bioassay, and hence the behaviour which it mea- 
sures, differs significantly from procedures generally used. 
Unlike the usual assays of releaser pheromones, our bio- 
assay cannot be conducted with individual organisms. The 
pheromone appears to bias the female’s response in a pre- 
dictable manner, but in a way which cannot be measured 
for individual females. Furthermore, unlike the situation 
with primer pheromones, the effect is observable on a very 
short time scale. In a different context from the reports 
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CH matings/CH males 





60 80 100 120 


Drosophila pseudoobscura 
CH males extracted/CH males present 


Fig. 1 As the AR:CH ratio approached 50:50, the 

mating advantage of the CH males disappeared. Ratios are 

based on a total of 96 observed matings. To guarantee 

the vitality of the stocks, only chambers in which all 
females mated are included. 
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mentioned above, E. O. Wilson has spoken of the “intract- 
able“ recognition substances which. are “deserving targets 
for the best efforts of chemists in the future’’’. The 
females of the D. pseudoobscura strains studied are clearly 
using a chemical cue to determine the presence of males 
of the CH strain, and altering their behaviour accordingly. 
Rather than releasing an overt behavioural effect or alter- 
ing the female’s physiology in a long term manner, the 


CH matings.CH males 











0 0. 0.2 0.3 0.4 0.5 


Drosophila pseudoobscura 


CH males AR -+CH males 


Fig. 2 As further petroleum ether extract of CH males 
were added to the chambers, the mating advantage of CH 
males disappeared. Ratios are based on 48 observed matings 
in chambers where all females mated. The assay can also 
be run using a 50:50 AR:CH ratio; a full advantage for 
AR (as determined by the x} for randomness) can be 
achieved. This assay is used because it appears to provide 
a better internal control for the vitality of the critical 
CH flies. There is no significant difference in the statistical 
stringency of the two assays. 


olfactory cue seems to act as information, pure and simple. 
Although other information (auditory, visual, tactile) is 
also utilised, the olfactory cue can strongly bias whatever 
mechanism operates in the females to determine their 
choice of mates. This work was supported by a US Public 
Health Service National Institutes of Health research 
grant. 
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Dietary preference and diseases of age 

THE frequency of a number of tumour types and several age- 
related diseases are readily modified by dietary means?-°. 
Traditionally, in defining the influence of a dietary factor 
experimentally, diets of fixed composition are offered either 
ad libitum or in limited amounts for arbitrarily assigned periods. 
In ad libitum conditions, however, except for the amount of food 
consumed, the animals have no choice but to eat the diet pro- 
vided; in restricted feeding conditions, even this option is 
denied them. 

The element of dietary preference was introduced in the 
investigations reported here. This new approach to long term 
studies was suggested by the well-established fact that the young 
rat, unless it has been biased by previous experience or training, 
has the ability to select for itself essential dietary substances in 
amounts necessary to sustain life, to grow and to reproduce*!?, 
That this behaviour represents a response to specific metabolic 
‘needs’ is supported by the observations that a variety of condi- 
tions which alter metabolism generally results in compensatory 
changes in appetite for specific food substances!3"22. 

The self-selection (S-S) method of feeding seems to have 
several advantages over a ‘fixed’ dietary regimen: the diet 
selected is of physiological significance to the individual, at least 
during the growth period of life; it more closely approximates 
the natural condition; and the arbitrary decisions made by the 
investigator as to the quality of the diet without considering the 
needs of the individual are avoided. In addition, by permitting 
the animals to display their preferences, it may be possible to 
assess on an individual basis the long term consequences of 
dietary habits at different stages of life. 

In this study we provided each rat fed on the S-S basis, three 
complete isocaloric diets? in separate containers instead of the 
individual components, They differed only in their casein and 
sucrose content. To determine the influence of each of the diets 
separately, other rats were fed ad libitum in the conventional 
manner. 

The regimen of the individually housed male Charles River 
COBS rats, which genetically are relatively heterogeneous, was 
begun when they were 21 d of age and was maintained for the 
remainder of the animals’ lives (the age at death of the longest 
lived rat was 1,075 d). The amount of each of the diets consumed 
by each S-S rat was determined daily. The dietary history during 


the gestation and suckling periods has been described®?3. — 


Upon the death of each rat, a thorough necropsy was performed 
and samples of all normal and diseased tissues were taken for 
histopathological examination. The tissue sections were coded 
so as to preclude identification with the age and dietary history 
of the animal. 

Far more ‘spontaneous’ tumours and more cases of kidney, 
heart, and prostate gland disease occurred among the S-S rats 
than among the rats fed the same diets singly (Table 1). Indeed, 
there were a number of tumours for which the incidence among 
the S-S rats was as great or greater than among all three 
conventionally fed groups combined. These included benign 
tumours without respect to type, adenomas and carcinomas 
without respect to site, leukaemia, tumours of the anterior 
pituitary, adrenal, exocrine pancreas, and skin. This also held 
for advanced cases of glomerulonephrosis, myocardial fibrosis, 
and for prostatitis. Adjustments for time of occurrence, age- 
specific morbidity rates, population size and length of life, 
confirmed the differences in risk (Table 1). In addition to the 
significantly higher incidences, more S-S rats had multiple 
affections at time of death than did those on the fixed diets; 
66% of the S-S rats had at least three of these diseases as com- 
pared with 9, 26, and 28% for rats fed low, intermediate, and 
high protein diets (D,,, Dy, and D,,), respectively. 

The higher incidences of the S-S rats were not attributable to 
longer life spans. Although the S-S fats had a higher life 
expectancy than rats on the fixed diets, this was limited to age 
periods before 400 d. Once the various diseases manifested 
themselves, the life expectancy of the S-S rats was lower than 













those of the other groups. The change to higher age-specifi 
mortality rates was commensurate with the consistently hig! 
age-specific morbidity rates. ae 
With the conventional feeding method, the frequencies of th 
non-neoplastic diseases (Table 1), and of several tumour types! 
were dependent upon the proportion of protein in the diet 


Table 1 Frequencies of age-related diseases of rats as influenced 
by mode of feeding ae 








Single-fixed 


18 Dye Ds, 


Tumour bearing rats 26 29 28 
Tumours, all types 29 38 39 


Benign 20 28 30 T 33E 
Malignant 9 10 9 14 (107, 
Glomerulonephrosis mo 
AH grades 38 56 738 90** (145 
Moderate and severe 4 18 39§ S56** (176 | 
Myocardial fibrosis r 
All grades 11 42 48§ 67** G6) 
Moderate and = 


(258) 


severe <Í 4 18§ 38** 
Prostatitis 5 10 124 





*Diets identified according to the proportion of the casein c 
ponent. a. 


tAverage Casein content of the composite diet selected throughout 
the greater part of life, between 27-28 %. oe 


tNumber of rats: 125 in the S-S group, 250 in each group pro vid 
one diet only. a 


§P, < 10°. P, < 0.01; disease frequency for Ds, sign 
different from D,,. Absence of superscript indicates. 
between groups, N. S. Fisher’s exact probability test appl 
empirical data. x? test of association among the 3 groups sign: 
for all grades and for moderate and severe cases of glomerulon 
phrosis and myocardial fibrosis (P, < 103; < 10%; < 10%; < 10°, 
respectively). wae 








“P, < 108; **P, < 0.003; S-S frequency significantly higher than 
that of the fixed dietary group with the highest frequency. 


ttRelative morbidity ratio (x 100), ali ages. Values of 100 assigned 
to the fixed dietary group with the highest frequency. Values inthe 
S-S group > 100 indicate extent of increase in risk relative to thatof. 
the fixed dietary group. Morbidity ratio = c,/@, where g= oo 
number of cases observed in the S-S group and ¢ = expected 
number of cases: & = (Ča X la) + (ča X le) + Trg X ha) 
.... Where Cayo3,-..., = ‘standard’ age-specific morbidity rates, 
consecutive 100 d periods and hama . 2.0, = exposure (that. = 
is, number of living S-S rats entering an age period) consecutive 100- 2 
d periods. For each disease class, age-specific morbidity rates of the | 
fixed dietary group with the highest frequency used as standard rates. = 


| The increase in the prevalence of these diseases for the S-S rats 


cannot be explained on this basis as the protein/carbohydrate 
ratio of the diet selected by any of the S-S rats had to fall within 
the upper and lower limits of the three fixed diets. 

The S-S rats grew more rapidly and attained higher body 
weights than rats fed the diets separately. We had shown?*-*4 
that among conventionally fed rats those which grew more- 
rapidly and attained higher body weights during maturity hada 
higher risk of tumours than those with lower rates of gros 
and lower maximum bddy weights. Body weight differen: 
however, do not explain the marked increase in disease prone- 
ness of the S-S rats. For this analysis, each of the S-S rats was 
weight-paired with individuals from the Da group. There was, 
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consistently, a greater number of tumour bearing rats in the S-S 
group than among conventionally fed rats. For example, on the 
basis of the body weight at 98 d old, 60% of the S-S rats but 
only 23°% of rats of corresponding body weights from the Dez 
group subsequently developed tumours. When maximum body 
weights were matched, 58 and 33%, of the rats maintained on 
the S-S and Da regimens, respectively, developed tumours. 

No two S-S rats exhibited the same dietary preferences. After 
an initial rapid increase in the amount of food consumed, the 
daily intake by each rat remained relatively uniform from 11 to 
as much as 49 weeks. By 1 y of age, 9094 of the rats showed a 


MANAFERRA ERENNERT AAEREN OTER AAAA ATAA 


Table 2 Dietary preference and disease frequency 





Dietary preference *tł 
Casein content of 
diet (%)t Food intake (g)§ 
Inter- Inter- 
Low mediate High Low mediate High 
Disease frequency (%9) 


Tumour-bearing rats 67 70 54 60 63 68 
Benign tumours 75 90 73 75 85 78 
Malignant tumours 20 15 10 13 13 20 
Epithelial tumours", 78 90** 59 70 78 78 

all Adenomas 58 58 46 48 55 59 
Endocrine tumours", 39 58 42 48 53 54 

all Anterior pituitary 40 33 29 28 35 39 

Pancreatic 13 13 10 18 10 7 
Glomerulonephrosis” 88 98 95 90 95 95 
Myocardial fibrosis” 60 73 76 65 70 73 
Prostatitis 60 58 76 68 60 66 


_am ernie NOE NLA AAAA AATTEET AEAEE AEAEE 


*+Rats classed according to dietary choice during 200-300 d of age. 

+Number of rats in each subclass was 40 or 41 (4 rats died before 
100 d). 

tClass limits: low = 12.0-24.8%; intermediate = 25.2~30.3% 
high = 30.4-43.0%,. 

§Class limits: low = 16.1-20.2 g; intermediate = 20.3-21.9 g; 
high = 22.0-26.8 g. 

€ Among rats maintained on fixed diets, the highest frequency was: 
all epithelial tumours, 27 °; adenomas, 20%; all endocrine tumours, 
20%; anterior pituitary tumours, 10°42; pancreatic tumours, 6%. 
Additional values given in Table 1. 

“AH grades of severity. 


**Frequency of epithelial tumours of the intermediate dietary sub- 
class significantly higher than that of the high-protein subclass 
(P, < 0.02). Absence of superscript indicates no significant difference 
between subclasses. (Fisher’s exact probability test applied to empirical 
data). x? test of association among the three subclasses also not 
significant. 


marked and progressive increase in food intake. Before death, 
only a few animals failed to decrease their intake of food. The 
level of intake during each of these phases differed widely from 
rat to rat. 

Within the first 5 weeks of feeding, most of the rats established 
the level of protein and carbohydrate that each would continue 
to select for a prolonged period. Despite variation in relative 
preference for the three diets or in the amount of food consumed, 
the protein: carbohydrate ratio of the resulting composite diet 
was maintained by some rats for as long as 700 d. | 

The associations between disease susceptibility and dietary 
preferences were evaluated by separate rankings of the S-S rats 
according to the protein content of the composite diet selected 
and the amount of food consumed. The tumour data are limited 
to several tumour types, as the numerous tumour classifications 
that should be made cannot be adequately treated in a short 
communication. 

The data shown in Table 2 for the S-S rats are, in general, 
representative of the relationships seen at earlier and successive 
100 d age periods until 600 d of age was attained. Beyond this 
time, the progressive decrease in number of animals precluded 
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further analyses; that is, of the number of rats started in the 
experiment, 45 and 75% had died by 600 and 700 d, respectively. 

The prevalence of the four diseases among the S-S rats, classed 
according to the protein content of the diet, was almost without 
exception greater at any level of protein than those of rats main- 
tained on any of the fixed regimens. In addition, whereas the 
incidences of the renal, myocardial, and prostate gland diseases 
for the rats on the fixed diets (Table 1) are strongly dependent on 
the proportion of the protein component of the diet, among the 
S-S rats the protein dependencies were weak or nonexistent 


subgroups were not significant. In contrast, with fixed regimens 
the trends for most tumours were consistently striking and 
statistically significant™. 

Unless the members of an experimental population are 
highly inbred or subjected to extraordinary environmental 
experiences, not all of the individuals will develop any of the 
common age-related diseases. In conventional ad libitum feeding 
practices, changes in the prevalence and severity of the observed 
idiopathic diseases could be taken to represent a dose-response 
relationship. In S-S conditions, the diet chosen differs from 
animal to animal and yet equivalent or nearly equivalent effects 
are exerted by any one diet on disease susceptibility. The dose- 
response interpretation cannot be applied to the free choice 
situation. Rather, the impressive increase in the risk of develop- 
ing tumours or of other diseases of age must be viewed as the 
direct consequence of the specific selections made by the indi- 
vidual in satisfying its unique metabolic ‘needs’, 
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Evidence for the inhibition 
hypothesis in expanded angle illusion 


Tue illusory expansion of acute angles has long been suspected 
to be an important contributory factor in a number of well 
known illusions, such as the Zollner, the Wundt—Hering and 
the Poggendorf!:?. Recently Blakemore, Carpenter and George- 
son? proposed that angle expansion is a side effect of an 
inhibitory process that improves the orientation resolution of the 
visual system. Neural line and edge detectors considered in 
isolation, are assumed to respond to a wide range of orienta- 
tions, but when incorporated into a functional system 
inhibitory interactions occur between them which sharpen the 
specification of a line or edge*. When two spatially contiguous 
lines of neighbouring orientations are exposed simultaneously, 
however, the activity peaks in the population of orientation 
detectors are shifted away from each other because of the 
inhibitory interactions. Consequently, the orientations of the 
lines comprising the angle are perceived wrongly. This process 
of central lateral inhibition is thought to be similar to that 
which operates in peripheral sensory structures®. It seems 
natural to ask how far this similarity extends. 

Hartline and associates® have described the following major 
features of inhibition in the compound eye of Limulus*. First, 
the distance effect-—-as the test and inducing stimuli are moved 
further apart the effectiveness of the inhibition decreases. In the 
orientation domain experimental evidence 
following an initial rapid build up, the iHusion diminishes as the 
angular separation increases®’. Second, the area effect-——the 
larger the number of neighbouring facets illuminated, the 
greater the inhibition of the test ommatidium. Extrapolated to 
the visual cortex, one might expect the induced change in 
orientation of a test line will be proportional to the number of 
parallel lines of neighbouring orientation exposed in its vicinity. 
Experimental data provided by Ogasawara and Wallace and 
Crampin® show the larger the number of parallel lines that 
cross a contour, the greater its angular distortion. If the 
inducing lines are not parallel then inhibitory interactions will 
occur between them thus ‘disinhibiting’ their potential combined 
action on the test line. Evidence that d&inhibition does occur 
in the case of interactions between orientations has been 
provided by Carpenter and Blakemore’. Third, the intensity 

ffect— for a given distance between inducing and test omma- 


indicates that 
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tidia, the more intense the illumination falling on the inducing H 
facet the more intense the inhibition of the test ommatidium. 
Where two facets are unequally illuminated, the inhibitory 


interaction increases the differences in their outputs. Extra- 
polated to the case of interactions between orientations, these 
effects suggest the following predictions. If two lines of neigh- 
bouring orientations are unequally illuminated, then the angular 
distortion of the two lines will be unequal because propor- 
tionally more inhibition, and therefore more angular distortion, 
of the dimmer line by the brighter will occur than vice versa. 
Where the luminance of both lines is equal, little change would 
be expected in the magnitude of the mutual distortion as the 
absolute luminance is varied over a fairly wide range, as the 
inhibition should remain proportionately similar. Because 
verification of these predictions would constitute valuable 
support for the theory it was decided to test them specifically. 

The subject, his chin supported by a rest, looked at the 
display through a 4 mm artificial pupil with his right eye. The 
display consisted of a pair of lines, each subtending 2.0° x 0.17°, 
forming an acute angle, whose luminance could be varied 
independently, or in unison, with neutral density filters. The |. 
illusion size was measured in the same way as that employed — 


by Blakemore er alè’. A small comparison line, subtending 


1.2° x 0.1°, was positioned 2.0° from the base line (B) of the 
angle (Fig. 1) by means of a half-silvered mirror. By moving a 
lever, which rotated a Dove prism, the orientation of the com- 
parison line was adjusted to appear parallel to B. The maximum 
luminance of the angle lines was 8.5 cd m~? and the comparison 
line was constant at 2.0 cd m~*. Before each estimate of the 
orientation of B, the comparison line was offset 30-40°. The 
subject placed his head on the rest and the room lighting was 
turned off. The subject adjusted the comparison line, usually in 
5-6 s, then the room lighting was turned on and the reading 


Mean change in size of illusion 





0.0 ~1.0 ~2.0 
Log relative luminance 


Fig. 1 The inset shows the arrangement of lines used in the 
present study. A, angle line; B, base line; C, comparison line. 
Angle of A and B = 15°. ee. A constant, luminance of B 
decreased. © -- -~ ©, Luminance of A and B decreased con- 
comittantly. © ©, B constant, luminance of A de- 
creased. In all cases illusion magnitude was calculated as 
orientation of B in absence of A minus orientation of B in 
presence of A. 
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noted, Each of five subjects made seven estimates of the 


oriëntation of B under each luminance condition for the three 
experiments (15 subjects in all). The order in which the estimates 
-were made was changed for each subject. 

The results presented in Fig. 1 are for the case where the 
orientation of B with respect to the vertical was 5° anticlock- 
- wise; and A was positioned 10° clockwise. The upper curve in 
Fig. 1 shows the progressive increase in the induced tilt of 
line B as it is made dimmer than A, indicative of a greater 
inhibitory effect of A on B. Analysis of variance on the data 
showed that this change was significant (P < 0.01). The lower 
curve in Fig. 1 plots the significant reduction (P < 0.01) in the 
induced tilt effect as the luminance of B is held constant and 
that of A reduced, indicative of a reduced effect of A on Bas A 
becomes dimmer. The middle curve shows the nonsignificant 
change in illusion size (F = 0.735, d.f. = 2, 8), as the brightness 
of both A and B was varied concomittantly over two log units. 
These results show that the size of the induced tilt effect varies 
systematically as a function of the relative, but not the absolute 
luminance of the test and inducing lines. The effect is not 
confined to this particular orientation of A and B, nor is it a 
function of the particular angle used here (15°). The effect is also 
obtainable when a subjective vertical criterion is used to estimate 
the orientation of B, so the results cannot be due to any inter- 
action with the comparison line. 

It is known that the relative luminance of spatially adjacent 
areas affects their perceived brightness’®. These results show 
that the relative luminance of orientationally adjacent contours 
affects their perceived orientation and offer evidence in favour 
of the hypothesis that angle expansion is the result of an 
inhibitory process. While the results are similar to a relative 
contrast phenomenon recently demonstrated for the tilt after 
effect (TAE)", the explanation of the present results in terms 
of adaptation must be rejected for other reasons. The angle 
expansion illusion is known to be spatial frequency specific!” 
while the TAE is not!?’!3. The TAE also shows an ‘indirect effect’ 
when the adapting stimulus is in the region of 90° from the 
test stimulus’, which is not true of the illusion. 

The similarities in the operation of inhibition processes in 
simple visual systems and the interactions between lines 
indicate that lateral inhibition may be a more general pheno- 
menon than is commonly realised and suggests that certain 
illusions which involve neighbouring orientations may be 
explained without the theoretical involvement of constancy 
mechanisms", 
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Form-specific colour after effects 
in scotopic illumination 


THe retina of the human eye contains rod and cone 
receptors, and in very dim light the rods alone function 
(scotopic illumination) so that objects appear colourless. At 
higher light levels, cones also function (photopic illumina- 
tion) and colours are seen. 

There is evidence that rods interact only with rods and 
that the various colour mechanisms, the Stiles 7 mech- 
anisms, act independently'*. These events probably occur 
early in the retina, for the various channels interact even 
within the retina®, and the later stages of the visual system 
show a strong opponent colour organisation. Other evidence 
suggests that rod and cone signals interact; in these studies 
colour sensations are elicited through rods. For example, if 
one first views a coloured flash that affects cones, a com- 
plementary coloured afterimage is seen upon viewing a 
dim flash that affects only rods’. The rods seem to trigger 
this after image’, for its hue remains constant as the wave- 
length of the dim test flash is varied, and the light level 
sufficient to trigger the after image coincides with the dark 
adaptation curve of the rods..Simultaneous contrast colours 
of blue and green are seen in a bipartite field when one 
half is illuminated with dim light. that stimulates only rods 
and the other half is illuminated with long wavelength light 
that stimulates cones*”’*. Similarly, many colours are seen 
in a Land two-colour projection produced with two iHu- 
minants that stimulate differently long wavelength cones 
and rods''. These studies suggest that rod and cone signals 
converge at some level of the visual system. 

I have found that form-specific colour after effects-—the 
McCollough effect-—-can be seen on test patterns observed 
in dim light that stimulates the rods but not the cones. This 
shows that rod signals feed into colour mechanisms. 
McCollough” discovered that after adapting for several 
minutes to a vertical grating in orange light alternating 
with a horizontal grating in blue light, black and white test 
gratings with retinal orientation similar to the adapting pat- 
terns were tinged with colours complementary to the 
adapting colours. For example, the vertical test grating 
appeared blue and the horizontal orange. 


log threshold luminance (mlamberts) 





e Min in dark 


Fig. 1 Dark adaptation curve for one observer. The bars 
on the right indicate various luminance values for white 
bars of test patterns. 
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Fig. 2 Test pattern. Gratings had spatial frequency of 
0.75 cycles per degree. 


Of the three observers I used, two were highly experi- 
enced with the after effect and one was uninformed about 
the experiment. Dark adaptation curves were first measured 
on the two experienced observers, After strong light adap- 
tation, the observer fixated a tiny red light in the centre 
of a 10° diameter disk of white paper on a black back- 
ground and adjusted a neutral wedge, which controlled the 
illumination level, so that the disk remained just below 
threshold. These materials had the same reflectance as the 
test patterns used later. The light came from a regulated 
projector with accessory lenses and was filtered through a 
narrow-band yellow-green filter (Wratten 74, dom A 538nm). 
The curve for one observer is shown in Fig. 1. The vertical 
axis represents the luminance of the white disk. The curve 
for the other observer was very similar. The level of the 
rod-cone break agrees with the value measured by 
Chapanis’ for a green spot 3° in diameter, 7° from the 
fovea, which was flashed on for 0.2 s. It was also noticed, 
subsequently, that the appearance of the test patterns 
(Figs. 2 and 3) changed markedly near the break: the bars 
of the gratings appeared sharp just above the break and 
diffuse just below the break. Rods alone presumably func- 
tion below the break, for the break is generally assumed 
to indicate cone threshold. 

Colour after effects were next built up with high-contrast 
square-wave gratings of 0.75 cycles per degree, rear- 
projected on a diffusing screen, Gratings subtended an area 
about 30° square. A tiny light was placed in the centre 
of the screen. Gratings were projected in alternate vertical 
and horizontal orientations and interchanged every second. 
On each presentation the gratings were projected in the 
same position or shifted 180° in phase by mirrors. The 
shift was determined randomly. The observer stared at 
the light to help adapt the eyes evenly. The observer 
adapted for 20 min to the alternating vertical grating in 
green light (Wratten 40 filter) and the horizontal grating 
in complementary magenta light (Wratten 31 filter). Mean 
luminance was about 70 m lamberts. The observer next 
dark adapted for 30 min and viewed the test pattern 
(Fig. 2) illuminated with the light used to measure the 
dark adaptation curves. The luminance of the white areas 
of the test gratings was set at values indicated by the bars 
in Fig. 1, starting at the lowest level and moving upward. 
The spatial frequency of the test pattern was the same as 
the adapting patterns, 0.75 cycles per degree. The pattern 
was about 48° square. 

The vertical and horizontal gratings of the test pattern 
appeared faintly pinkish and greenish, respectively, to all 
observers at the lowest light level, -1.8 log units below 
the rod-cone break. The colour became more saturated 
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as the light was increased. The naive observer later matched 
from memory the strongest scotopic after effects to Munsell 
colour chips viewed in Macbeth daylight=6750 K. The 
colours chosen were 10 RP 7/8 and 10 GY 7/8. All 
observers claimed that the scotopic colours were quite 
saturated. 

The McCollough effect is somewhat. specific to the spatial 
frequency of the adapting pattern’. The present experiment 
demonstrates that the colour effect stays- tied to the adapt- 
ing frequency even for test patterns in scotopic light. The 
previous experiment was essentially repeated using two- 
vertical adapting gratings of 0.5 and 2.0 cycles per degree, 
The observer again viewed the fixation light in the centre 
of the adapting field. The patterns were about 30° ‘square 
and centred on the fixation light. The 0.5 cycles per degree 
pattern alone was projected in the same position or shifted 


180° in phase, as before; the 2.0 cycles per degree pattern = 
was always projected in the same position. Observers. 


adapted for 40-60 min to one grating in green light, 


alternating with the second grating in magenta light. For k 


some observers, the two gratings were shown for- unequal 
amounts of time to build up good pink and green after- 
effects. (Low frequency grating were used, because. below 
the rod-cone break gratings above 5 cycles per degree 
cannot be resolved™.) After colour adaptation, the test 


pattern (Fig. 3) was viewed in Macbeth daylight and then, 
after dark adaptation, in scotopic light at levels from -1.0 = 
to -0.3 log units below the rod-cone break. The pattern 
was about 15° wide and 30° high. The test gratings ap- 
peared appropriately coloured. For example, adaptation > 


to 0.5 and 2.0 cycles per degree gratings in magenta and 


green light, respectively, produced a green after effect on 


the 0.5 cycles per degree test grating and a pink after effect 


on the 2.0 cycles per degree grating. All observers. claimed a 


that the colours were more saturated at scotopic than 
photopic levels. 
That the after effect stays tied to the adapting spatial 


frequency suggests that the receptive field of the mechanism 
underlying these effects does not lose its antagonistic sur- 
Loss of the surround would 
cause pattern of low spatial frequency to elicit both the =— > 
pink and green after effects, and no colour would be seen = 


round at scotopic levels. 


since the two colours are complementary and would thus 


cancel. Adaptation to luminance gratings at low mesopic 


levels has been shown to raise the threshold only for grat- 


i 
il 


Fig. 3 Test pattern. The spatial frequencies of the test 
gratings were 0.5 cycles per degree (a) and 2 cycles per 
degree (b). 














‘similar spatial frequencies”. 
adaptation is frequency-selective at even lower scotopic 
els. The existence of lateral inhibition at scotopic levels 
is further suggested by studies on simultaneous brightness 


= gontrast', Mach bands", and ganglion cells in Rhesus 


monkey”. 
_ My results show that rod signals influence colour 
mechanisms. Rod and cone signals converge onto single 
ganglion cells in the monkey”, and many ganglion cells 
_ have a receptive field that receives an excitatory signal 
from either red, green or blue cones in the centre and 
an inhibitory signal from a different cone type in the 
periphery”. Similar mechanisms are found in the lateral 
geniculate nucleus (LGN), and many of these units undergo 
a Purkinje shift when dark adapted, thus showing a rod 
input”. Ganglion and LGN cells have circular receptive 
fields: however, many units in the striate cortex are sensi- 
tive to line orientation and colour”. The cortical units have 
receptive fields whose excitatory and inhibitory areas receive 
inputs from the same cone type”, and thus they are highly 
sensitive to the spatial properties of a red or green pattern 
-unlike the precortical cells. Adaptation to a coloured 
grating might thus depress sensitivity in cortical 
cells tuned to the adapting colour, orientation and spatial 
frequency. A test pattern of the same orientation and 
spatial frequency would then produce less response in 
these units, and this imbalance may signal the comple- 
mentary colour. Rod signals may also converge onto these 
mechanisms, and thus the colour effect may be seen at 
scotopic levels. 
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- - Infantile obesity and | 

later weight control in the baboon 

RECENTLY widely quoted studies imply that overfeeding in 
infancy is associated with increased formation of adipose 
cells and predisposes to obesity later in life. This has been 
documented for newborn rats in whom the high adipose cell 
count persisted after overfeeding was discontinued’. In rats 
which had been fed sparsely as newborns for up to 21 d, the 
fat cell count did not increase when they were fed more 
generously later. The establishment of regulatory controls 
over food intake has also been related to early experiences. 
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Rhesus monkeys raised in isolation and then given access to 
unlimited food were found to overeat to the same degree as 
monkeys with hypothalamic lesions?. Clinical observations 
suggest that the inability of some obese people to control their 
food intake is related to deficits in early learning experiences, 
with inability to differentiate between nutritional need and 
other signs of discomfort*. Experimental observations have 
confirmed that obese and normal subjects differ in their eating 
responses to internal and external cues‘. 

We report here evidence which casts doubt on the prevailing 
opinion. Using a group of baboons (Papio sp.) raised in the 
laboratory, some of whom had been fat as infants, we have 
been able to evaluate the relative importance for later weight 
regulation of excessive fat formation in infancy and of defects 
in the regulatory mechanisms. No adipose cell count was done 
during the period of infantile obesity. 

The baboons were delivered by Caesarean section within a 
6-week period, with birth weights ranging from 0.65 to 1.1 kg. 
They were fed a mixture simulating the composition of natural 
baboon milk, which was given by bottle at scheduled intervals 
in measured amounts to insure normal growth and weights’. 
This liquid diet was composed of a commercial human infant 
formula, SMA/S-26 (Wyeth), water and corn oil in the ratio 
of 90:80:1. At the end of the first month some infants were put 
on a self-feeding device, permitting ad libitum feeding, these 
animals gained excessive weight and became visibly fat®. After 
7 to 8 months all animals were weaned gradually on to solid 
food, a commercial monkey biscuit which was approximately 
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Fig. 1 Weight of baboons during infancy. The heavy lines 


* 


represent three animals on a self-feeding device; the onset is 

indicated by the first arrow (|). The dotted lines show the 

weights of three animals on measured feeding. The second 

arrow (*) indicates onset of gradual weaning of all animals to 
solid food. 


25% protein, 5% fat, 4.5% fibre and 3% mineral. The weight 
gain of the fat infant baboons slowed down. All animals were 
weighed regularly every month. 

From birth until 1 month of age these animals were housed 
in stainless steel boxes and were then transferred to conven- 
tional stainless steel primate cages. They were kept singly but 
could hear and see each other in rooms which housed several 
baboons. They were cared for by a minimum number (two or 
three) of animal care personnel which remained the same during 
the whole period. R 

Eor our experiment we used approximately 2.5-yr-old animals 
(pre-puberty): three had formerly been obese, and three, which 
were of equal age and had not been fat as infants, served as 
controls. Figure 1 shows the patterns of weight gain in these 
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Table 1 Weekly changes in weight on ad libitum feeding 


August 
No. 3 6 13 20 Zi 3 10 17 24 


September October 
14 ) 


2I 28 5 5 12 19 





Formerly fat baboons 
(self-feeding in infancy) 


I 75 7S 4.7 +i 4.1 0 +.3 O +.) +.2 —.2 -—.1 +4 +. 9.2 ~ Jo I 0 -~—.1 +,.2 
(+22%) 
2 67 66 +4 +4 — 2 +b +. —1 —1 +4 4.2 —1 43 ~11 7.9 -6 0 —1 +.1 0 
| (+ 20%) 
3° 77. 77 4.6 0 +1 0 +2 0 te) +,3 4.2 +.1 4.2 0 2.5: -6 ~.1 0 +.1 —.3 
(+ 23'%) 
_ Experimental controls 
(measured feeding in infancy) . 
4 69 70 +6 0 0 +2 0 0 +. +.1 +.2 0 +3 0 8.5 —~6 ~1 —2 +.1 0 
(+21% 
> 76 76 4.7 +l ~i 4+.2 4.3 —3 4+2 +4 -3 +1 +i 0 92 - 5 —.4 +. et S 
(+21%) 
6 65 71 +3 .-.2 0 44 0 —. 2 +.2 0 +1 +2 0 7.9 ~.3 0 +1442 0 
(+ 12%) | 
A E E A A S E EEOAE A AEA E EI AEA ANRA N AEE AAE E AE EAE E 


Figures are kg. Ad libitum feeding began on July 6 and measured feeding recommenced on October 5. 


six animals during infancy. Animals on the self-feeding device 
had a slightly higher birth weight, 0.9 kg as ayerage, compared 


with an average of 0.73 kg for the others. On the self-feeding 


device weight increased at an excessive rate, and reached 110°% 
of birth weight at the end of the fourth month and 190% at 
the end of 6 months. The corresponding increases for the 
animals on measured feeding were 75° and 130°% respectively. 
At 12 months, the weights of all animals were in the same range. 

Our experiment consisted of offering an inexhaustable food 
supply by keeping the food containers filled with monkey 
biscuits at all times. Two to three times as much food was 
consumed by the experimental animals than by those on 
measured laboratory feeding. Because of the wasteful feeding 
habits of baboons, it was not possible to measure the exact 
amounts eaten. The rapid gain in weight reflects the greatly 
increased food intake. Animals were weighed weekly (Table 1). 
Total body weights during and following the experimental 
period are shown in Fig. 2. The overall weight gains during 
the 3 months of the experiment were very similar for five 
animals—20 to 23% of the starting weight. One animal (No. 6) 
who had gained weight rapidly during the preceding month, 
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Fig. 2 Weight changes of baboons duging ad libitum feeding. 

The heavy lines represent three formerly fat baboons, the dotted 

lines three animals who had not been fat. The first arrows (X) 

indicate onset of unlimited food supply, the second arrow (Ly 3 
return to measured feeding for all animals. 


gained only 12%. Three other baboons of similar ages who 
continued on the measured laboratory feeding, showed only 
4% weight gain during this period. des 

When excess feeding was discontinued and the animals were 
again given measured amounts, there was rapid loss of weight 
during the first week and gradual loss of weight and then 
stabilisation during the next few months; patterns were similar 
for all animals. 

We found that with access to an unlimited food supply, the 
formerly fat and nonfat animals reacted in the same way. They 
all ate excessively and gained weight at a similar rate. Although 


the immediate control over food intake seemed deficient, as 


had been described for monkeys raised in isolation®, there 
seem to be limiting regulatory mechanisms for what can be 
assimilated, without recognisable difference in the formerly 
fat and nonfat animals. 

The lack of difference in the rates of gain and loss between 
the formerly fat and nonfat animals contrasts with expectation 
according to reports for experimental rats on excess feeding 
during infancy. In baboons the later rate of weight gain, and 
partial retention of the excess weight, is for all practical purposes 
identical in formerly fat and nonfat animals. Perhaps over- 
feeding was not continued long enough to cause changes that 
would influence eating patterns and facilitate fat storage later 
on. This is in agreement with clinical observations. Though it is 
true that infantile obesity is frequently followed by life-long 
obesity, this occurs only when the conditions that make for 
over eating and obesity persist’. 

This research was supported in part by a grant from the US 
Public Health Service. 
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Evidence from Lincolnshire 
of the age and intensity of 
the mid-Devensian temperate episode 


Tue study of fossil beetles from several sites has indicated 
a period of temperate climate in the middle of the Deven- 
sian (Weichselian)’. Upton Warren (Worcestershire), dated 
at about 42,000 yr BP, yielded an assemblage composed, in 
part, of thermophilous beetles’, At Four Ashes (Stafford- 
shire) deposits of the same age which contain warm species 
overlie Devensian silts of arctic aspect’. A further warm 
fauna of this age has been investigated from Isleworth, 
Middlesex (personal communication from G. R. Coope). 
New faunal and “C evidence from this critical period of 
mid-glacial climatic change is currently being investigated 
from Tattershall Castle Pit, Lincolnshire (map ref. 
TF570210). 

At this pit organic horizons of several ages lie in sands 
and gravels above a till rich in Jurassic and Cretaceous 
erratics. The lowest organic deposit, a shell mar! contain- 
ing a terrestrial snail fauna characteristic of open condi- 
tions, may be of Upper Wolstonian age (personal com- 
munication from J. G. Evans). This is overlain by compact 
woody peat assigned on pollen evidence to subzone Ip Hb 
of the Ipswichian interglacial (personal communication 
from L. Phillips). An extensive beetle fauna extracted from 
this peat includes non-British beetles such as Brachytemnus 
submuricatus Schön. and Valgus hemipterus L. previously 
recorded from interglacial deposits" and  J/sorhipis 
melasoides Lap. and Pycnomerus terebrans Ol., species 
noted in Postglacial deposits®’ but now extinct in Britain“. 
Wood-boring genera such as Cerambycidae and Scolytidae 
are well represented and species of Anobiidae include 
Xestobium rufovillosum (Deg.), Anobium fulvicorne Sturm 
and A. punctatum (Deg). Examples of other tree-dependent 
species, Melasis buprestoides (L.), Dryophthorus corticalis 
Pk., the oak leaf-miner Rhynchaenus quercus (L.) and the 
predators Colydium elongatum (F.) and Dasytes plumbeus 
(Miill.), demonstrate the presence of mature, mainly 
decidous forest. Other environmental factors—rich humic 
soils, areas of marshy vegetation, influent streams and in 
particular, warmer summer temperatures than in South 
England today--are indicated by this interglacial fauna. 

Above this peat are two mid-Devensian organic silt 
horizons. The lower of these, which occurs, within frost- 
disturbed gravels or directly on the peat, has “C ages of 
42,100 18° yr pp. (Birm 309) and 44,300 2150 
yr BP (Birm 408), and it has yielded a cold, impoverished 
fauna. Characteristic foreign species include Diachila 
arctica Gyll, D.polita Fald. and Dyschirius septentrionum 
Munst. (Carabidae), Helophorus obscurellus Popp. and 
Ochthebius kaninensis Popp.’ (Hydrophilidae), Olophrum 
boreale Pk., Boreaphilus henningianus Sahlb. and B.nor- 
denskioldi Pk. (Staphylinidae). These are now largely con- 
fined to areas of high latitude or extreme continentality. 
Several other species are now restricted to Northern 
Britain. This fauna indicates tundra conditions, with tracts 
of sterile soil between low plants and ephemeral ponds. 

Stratigraphically above and thus demonstrably younger 
than this ‘arctic’ silt is a more continuous horizon which 
has yielded a remarkably thermophilous fauna. Its “C ages 
of 43,000 +19? yr B.P. (Birm 341) and 42,000+-1,000 yr 
Be (Birm 409), apparently overlapping those of the 
‘arctic’ silt, underline the closeness in age of the two 
horizons, despite their marked faunal contrast. Noticeable 
among the several hundred species which make up the 
warm assemblage are certain non-British beetles such as 
Hydrochus flavipennis Kust. (R. B. Angus, unpublished 
work) which is today found in Southern Europe and 
Aphodius bonvouloiri Har., now found only in Spain. 
Pseudocleonus cinnereus Schrank and Chrysolina limbata 
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L. are Central and Southern European species, and 
Helophorus discrepans Rey lives in East Europe and at 
high altitudes in Spain. A high proportion of the species 
today found in Britain, including Nebria livida (L.), Por- 
cinolus murinus (F), Crypticus quisquilius (L.) and 
Otiorrhynchus ligustici (L.) occur only in the southern 
half of the country. Clearly this assemblage requires aver- 
age July temperatures at least as high as those of South 
England. Despite the occurrence of certain East European 
species, there is no evidence for marked continentality and 
it is unlikely that the total fauna would survive particularly 
low winter temperatures. 


The duration of this warm, mid-glacial episode was short. 
A cold, continental fauna from deposits of 39,300 Żif 
sp (Birm 333) at Queensford, Oxfordshire (G. R. Coope 
personal communication) indicates that a consider- 
able degree of cooling had occurred by this time. At 
Tattershall the reduction in the numbers of thermophiles 
in successively younger samples from this horizon may be 
the result of falling temperatures. The structure and 
ecological requirements of this interstadial fauna provides 
further evidence of the shortness of this climatic oscilla- 
tion: this may be illustrated by comparison with the earlier 
interglacial fauna. Both assemblages indicate warm con- 
ditions at the time they were deposited, but the mature, 
deciduous forest habitat of many of the interglacial beetles 
obviously developed during a long period of climatic 
stability. Such vegetation maturity is not demanded by the 
interstadial fauna which is largely composed of species that 
feed on low plants and grasses, as well as abundant Scara- 
baeidae associated with the large mammal population 
which grazed the area. This insect fauna, able to respond 
rapidly to climatic change by colonising a newly favourable 
area‘, lacks any species whose habitats require a long period 
of development. In particular, tree-dependent species are 
absent although temperatures were high enough to permit 
forest growth. This fact, while dispelling any idea that 
this fauna is interglacial, supports the stratigraphical and 
radiocarbon evidence of its mid-glacial age. 

I thank Dr R. B. Angus, Dr G. R. Coope and Mr P. J. 
Osborne for help with this project, and Professor F. W. 
Shotton for reading this manuscript. This research is being 
undertaken during the tenure of a Natural Environment 
Research Council grant. 
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Environmental Issues: Population, Pol- 
lution and Economics. By Lawrence 
G. Hines. Pp. ix+339. (Norton: New 
York, December 1973.) $9.75 cloth; 
$3.25 paper. 


Society and the Assessment of Tech- 
nology: Premises, Concepts, Method- 
ology, Experiments, Areas of Applica- 
tion. By F. Hetman. Pp. 420 (OECD: 
Paris; HMSO: London, 1973.) 38 
francs; £3.36; $9.50. 


NEITHER Of these books is an original 
contribution to knowledge, but they 
are nevertheless both very useful. They 
reflect the extent to which environ- 
mental concerns and technology 
assessment have become part of normal 
policy making and analysis. The typi- 
cal early literature of this genre had 
an evangelistic and strong emotional 
tone, which was often conveyed in 
the title as well as the text. One thinks, 
for example, of Our Plundered Planet, 
Silent Spring and the Population Bomb. 

Both of these books belong emphati- 
cally to the second generation. Not 
that they are lacking in concern; Hines 
in particular makes quite explicit the 
strength of his attachment to the pres- 
ervation of natural amenity and wilder- 
ness, But both are very much alive to 
the complexity of the issues and the 
trade-offs which are inevitably in- 
volved. This means that they are 
rather duller books than the best of 
the pioneering single-minded first gen- 
eration advocacy; but as against this 
they are much more realistic and much 
more acceptable to administrators. 

The scope of Hines’s bobok is wider 
than that of Hetman’s in one sense: 
its first section is devoted to the world 
population and resource problem 
brought into the limelight by the MIT 
“World Models”. His sceptical crit- 
ique of the MIT work, although much 
less thorough than that of the Sussex 
Science Policy Research Unit, comes to 
similar conclusions. The second part 
deals with problems of cost/benefit 
analysis and. the third part with poli- 
cies to combat pollution. Hetman’s 
book does not discuss the “Limits to 
Growth” problem at all, nor does it 
discuss specific policies in relation to 
pollution. It is devoted entirely to a 
critical review of the various tech- 
niques of ‘technology assessment’ of 
which ‘cost-benefit’ is treated as one 
example. 

Although there are important simi- 


Second generation environmentalists 


larities, the books differ greatly in 
style and presentation. Hines’s book 
is far better written, and does not 
suffer from poor translation into the 
curiously effete and  de-humanised 
English jargon of the international 
bureaucracies. The Hines book is far 
better produced and edited, and the 
diagrams, tables and references are of 
a standard to which we have become 
accustomed in the best American col- 
lege textbooks. The OECD publica- 
tion by contrast is rather poorly pro- 
duced and many of the tables are 
clumsy. Some of them (for example, 
Tables 15 and 16) are simply long 
quotations from other sources. 

This is a misfortune as Hetman’s 
book has some outstanding merits. It 
manages to synthesise a great deal of 
information about the burgeoning 
technology assessment movement. It is 
very balanced in its own assessment 
of the various techniques and sensible 
in its awareness of their strengths and 
limitations. It avoids the temptation 
of staking everything on one particu- 
lar technique—a fault which bedevils 
so much of this literature. Finally it 
recognises the importance of the politi- 
cal process in relation to any technique 
or combination of them. In its all- 
round grasp of a very complex prob- 
lem the book compares very favourably 
with much of the American tech- 
nology assessment literature. It is 
therefore a thousand pities that the 
book is so badly edited and produced. 
It is too long, often repetitive and 
sometimes unreadable. The two great- 
est faults are first: the inclusion of 
large chunks of material (especially 
in chapter 3) which should have been 
relegated to an appendix or the (other- 
wise excellent) reference list. Second, 
the failure to bring the book to life 
by thorough discussion of some real- 
life cases such as the third London 
airport or supersonic transport. Many 
examples are cited, but the form of 
citation is long enough to be boring 
but not thorough enough to give the 
full flavour and excitement of a real 
political problem. Perhaps these faults 
may be partly attributed to the in- 
evitable limitations of publication 
through an international organisation, 
but the OECD has sometimes been 
outstanding in its toleration of lively 
and critical material (even when it was 
embarrassing to member governments) 
and in the quality of its publications. 











By contrast, one of the best chapters 
in the Hines book is on the “Middle 
Snake River Hydro-electric Pro- 
ject”. This makes the essential points __ 
far better than any theoretical analy- © 
sis, since it shows so clearly just how __ 
cost-benefit analysis was manipulated __ 
in practice to serve particular interest 
groups, and the real practical diff- — 
culties involved in the attempt to put 
a market valuation. on some of the 
intangibles. Hines is a com 
fessional economist’ bu 
the trouble to learn 
water and air polluti 
fore makes a modest 
ambitious goal to transcend the 
mal disciplinary boundaries of e 
mics. One must hope that this approac 
will become a new fashion in econc 
mics, either through interdiscipl 
teams or by the individual e 
men like Hines. He explains in 
albeit very elementary manne 
failure of the market mechanisr 
decisions about the environment, and 
the inevitability of public responsi- 
bility and policy. In this respect, « 
course, his book is a welcome return 
to an old fashion: the original —_ 
discipline was political economy. ie 
























Tetrahymena 


Biology of Tetrahymena. Edited. 
Alfred M. Elliott. Pp. x+ 508 (Dowd 
Hutchinson and Ross: Stroudsburg,  — 
Pennsylvania; Wiley: Chichester, Dec- : “oy 
ember 1973.) £19.25. ae 
Or all the protozoa Tetrahymena is i 
probably the most studied genus. 7. 
pyriformis (formerly called Glaucoma. 
pyriformis), which occurs in ponds and 
streams the world over, was first suc- = 
cessfully cultivated axenically, that is, — 
in the absence of the other organisons EN 
which comprise its normal diet, in 
1923 by André Lwoff. By 1951 Kidder ze 
and Dewey had succeeded in growing it 
in a chemically defined, though very 
complex, medium. Later developments 
have been the discovery by Elliott 
and his colleagues of mating types of 
Tetrahymena, following similar work 
in Paramecium, thus opening up the > 
possibilities of doing genetic work, and 
these have been exploited by Nanne 
Allen and others. On technic MA E 
grounds, however, Tetrahymena has 
turned out to be rather less suited to 
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genetic experiments than Paramecium, 
though for biochemical work Tetrahy- 
mena is far superior. Finally Tetrahy- 
mena has recently been used for de- 
velopmental studies, especially of the 
elaborate surface patterns of basal 
bodies, cilia, oral apparatus and so 
on. Thus the organism is now available 
for many different kinds of work, and 
a general review of the current state 
of knowledge about it would be very 
valuable. 

This volume consists of some 
thirteen chapters written by about as 
many specialists and ranges over the 
taxonomy, cytology, life cycle, bio- 
chemistry, genetics and cortical de- 
velopment of the organism, with a final 
chapter on Tetrahymena as a nutri- 
tional and pharmacological tool. The 
styles of the different chapters are very 
diverse, from the relatively prosaic des- 
criptive accounts of the taxonomy, life 
cycle, and some of the biochemistry, 
to far flung speculations in the genetics 
chapter of Allen and Gibson. Little 
attempt seems to have been made to 
interrelate the material in different 
chapters, and there is a certain amount 
of overlapping. The book is really a 
series of separate articles, tied together 
only by the fact that the same organ- 
ism is mentioned in all of them. 
Viewed in this way, it is a useful source 
of information about the state of know- 
ledge of various special topics in 1972 


or slightly earlier, and for anyone 
planning to use the organism experi- 
mentally, it is essential reading. 

The chapter by Frankel and Wil- 
liams on “Cortical Development” is 
very comprehensive and clear, and the 
book ends with a bibliography pre- 
pared by Dr Elliott, after consultation 
with John Corliss, of no fewer than 
1,700 citations stated to comprise all 
major and most minor publications 
on Tetrahymena up till 1972. This is 
one of the most valuable features of 
the book. 

it seems to me that research on 
Tetrahymena may be approached from 
two opposing viewpoints. The first in- 
volves using the organism as a model 
cell whose behaviour resembles closely 
enough that of higher animals to en- 
able it to be used for trials of pharma- 
cological and dietary substances in- 
tended for use on higher animals or 
man. This is discussed in the final 
chapter by Hutner and others. It seems 
that one should be cautious in accept- 
ing the results of such trials, especially 
of drugs suspected of having carcino- 
genic, toxic, or other harmful effects 
on human cells, though the use of 
Tetrahymena as an agent for assaying 
preparations of particular amino acids 
or vitamins which are an essential re- 
quirement in its diet is more reliable. 

The second approach to research on 
Tetrahymena is to study it for itself, 
as a remarkably interesting biological 
system, with many technical advan- 
tages for experimental work, helping us 
to understand all sorts of biological 
processes, whether biochemical, genetic 
or developmental. Here it does not 
matter so much that Tetrahymena 
differs markedly from cells of higher 
animals, for example in its presence of 
two kinds of nuclei, its extraordinarily 
elaborate surface structures, and 
finally its ‘protozoan’ nature-—com- 
pressing all life processes into one and 
the same compartment. 

Biologists expert in other matters, or 
those with more general interests, 
would be disappointed to find in this 
volume so little effort at assessing the 
overall importance of the work, and no 
attempt at all to write a single coherent 
account. G. H. BEALE 


Resistant plants 


Breeding Plants for Disease Resistance: 
Concepts and Applications. Edited by 
R. R. Nelson. Pp. xii+401. (Pennsyl- 
vania State University: University 


-Park and London, November 1973.) 


£6.85. 

PLANT diseases are major factors limit- 
ing agricultural production throughout 
the world. Resistant varieties, which 
are less damaged by disease than others, 
are widely used to control diseases. 
This book attempts to summarise the 
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present state of our knowledge con- 
cerning the production of resistant 
varieties, with particular reference to 
some of the most economically im- 
portant crop species. 

The book is divided into two main 
parts. In part 1 the editor gives his 
views (many of which he admits are 
controversial) on the concepts, prin- 
ciples and terminology of breeding for 
disease resistance. Part 2 consists of 
sixteen chapters in each of which work 
on breeding for resistance in a particu- 
lar crop species is summarised. Each 
chapter has been written by specialist 
pathologists, geneticists and plant 
breeders, mainly from the United 
States, with research experience in that 
crop. The format of these chapters 
varies from crop to crop but generally 
involves a short introductory section on 
the origin, economic importance and 
breeding system of the crop concerned 
and a description of the main sources 
of disease resistance. This is followed 
by accounts, which are often extremely 
brief, of breeding for resistance to 
some of the main virus and fungus dis- 
eases of the crop. An example of this 
brevity is afforded by the chapter on 
disease resistance in peas in which 
there are subsections on eighteen dis- 
eases in less than seventeen pages. 
Conversely, the chapter on soybeans 
deals in much greater detail with only 
four diseases in fourteen pages. 

This lack of uniformity of treatment 
in different chapters can be disconcert- 
ing but is perhaps to be expected in such 
a compilation by so many authors, 
each with a different style and ap- 
proach. It would have been useful if 
the editor had written a third part in 
which he attempted to draw general 
conclusions from the experiences des- 
cribed in the crop chapters, particularly 
in relation to the theoretical considera- 
tions outlined in part 1. As it is, the 
reader is left to draw his own con- 
clusions from work on sixteen different 
crop speciés. 

I find it surprising that a book of 
this nature includes no line drawings 
or photographs. Hlustrations of disease 
symptoms and of examples of differ- 
ences between resistant and susceptible 
varieties after exposure to infection 
would have been particularly interesting 
and useful. As a result of editorial 
policy, the book contains remarkably 
few references to original published 
work on disease resistance. A less re- 
stricted bibliography would have made 
this a much more useful reference 
book. 

In spite of its limitations and short- 
comings, this book is an up-to-date, 
authoritative account of breeding for 
eesistance to diseases. As such it de- 
serves to be read by all those concerned 
with plant pathology and plant breed- 
ing. G. E. RUSSELL 
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lon jniplshialion By G. Dearnley, 


J. H. Freeman, R. S. Nelson, and 


J. Stephen. P. xv+ 802. (Defects in 
Crystalline Solids, vol. 8.) (North- 


Holland: Amsterdam and London; 
Elsevier: New York, 1973.) DA. 225; 
$79. 


EVER since it was found possible to 
generate beams of energetic ions, 
investigators have been directing them 
into solids, and noting the effects. As 
expected, a set of complex but inter- 
esting phenomena was to be found in 
the interaction of the beam with the 
solid; moreover, it was soon realised 
that implantation was a useful method 
of modifying solids, while ion channel- 
ling was a unique diagnostic tool. A 
mushroom of literature on the subject 
developed in the late 1960s. 

An anticipatory thrill is thus in order 
when one opens a book in which four 
authorities at a centre like AERE, 
Harwell, have combined to try and 
review the field, especially when the 
weight and thickness of the book indi- 
cate that the coverage is likely to be 
broad and the treatment detailed. The 
main question then is not of accuracy 
or authority—these are taken for 
granted—but whether the authors have 
done their reading public the maxi- 
mum service in digesting and explain- 
ing this great expanse of literature as 
well as bringing out salient points of 
their own research. My impression as 
a user of ion-implanted specimens is 
that they have certainly made a very 
good attempt at dealing at some depth 
with the physics and engineering 
aspects which relate to the uses of 
implantation. What failures there are 
will be felt more by those looking for 
insight and some are discussed later. 

The book consists of four main sec- 
tions, each attributed to one of the 
authors, followed by a shorter chapter 
on the less usual applications. Apart 
from the unavoidable lack of unity 
which this method gives, the sections 
have been well coordinated as to sub- 
ject matter, level of discussion, 
graphics and so on, although there is 
little cross referencing. Only a few 
things fall between the cracks; for 
example all of the authors are mainly 
interested in ion implantation into 
metals or semiconductors, so that in- 
sulators are given very little space. 
The fact that each author is treating 
his special field also means that he 
writes at a rather high intellectual level 
and pace and (with the exceptions 
described below) rarely catches his 
breath to explain to lesser mortals 
what the inwardness of some statement 
may be. For example, one author se- 
marks that metals, unlike semiconduc- 
tors, remain crystalline under bom- 
‘ardment even up to several hundred 


displacements per atom, and that the 
reason for this fundamental division 
in ion-bombardment effects is not 
known. Surely, between the four 
authors, is not some little speculation 
on the reasons desirable? One can 
certainly form some hypothesis on the 
question in terms of the kinetics and 
type of vacancy/interstitial recombina- 
tion available in the two forms of 
solids. Indeed, throughout, few panora- 
mic views of the subject are essayed. 
The author of the first main section, 
on ton penetration and channelling, 
is both the most concise and the most 
willing to comment intelligently on 
the meaning and prospects of the re- 
search work discussed. For example, 
the very useful phenomenon of radia- 
tion-enhanced impurity diffusion is 
made more than usually fascinating by 
useful asides. The discussion of chan- 
nelling is, as expected, masterly. The 
next section, on the physical state of 
ion-implanted solids, is also a good 
exercise in compression; perhaps too 
compressed, since some omissions 
can be felt. Here was the place for 
a discussion of the annealing of 
clustered defects, with all the physical 
insight which this technique gives. The 
annealing of metals, bombarded, say, 
with deuterons at low temperature, 
yields an important insight into ion 
damage. Yet the whole topic of an- 
nealing of metals is dismissed in one 
page. This author indeed explicitly 
limited his writing to the effects ob- 
served from irradiation at or above 
room temperature, and this artificial 
barrier itself depreciates the value of 
the section in giving physical insight 
into the structure of implanted solids. 
- The third section is a detailed de- 
scription of the art of implanting. Ion 
sources, analysers, accelerators and 
targets are described by a past master 
of the art and a tabular appendix lists 
the practical needs of each element in 
the periodic table. This section is a 
handbook in itself, unique in that 
many engineering aspects of ion beam 
production are only to be found in 
theses or specialist reports. With its 
high content of unpublished Harwell 
data, it probably merits its 200 pages 
but its length, of course, contributes 
to the horrendous price of the book. 
The fourth part is of similar length, 
and is on the use of implantation in 
semiconductor device fabrication. This 
application has dominated all others 
to date and it can be claimed that a 
comprehensive review here is justified 
on those grounds. But the argument of 
rarity, used above, does not apply in 
this case. Should this section perhaps 
have been clipped to 120 - pages? 
Coming after many published research 
reviews, it probably should have; how- 
ever, in itself, this section is still a 
very well informed and complete ac- 















count and can be thought of as the- 
United Kingdom’s brief on the sub 
ject of implantation in silicon. Th 
final chapter, on other applications | 
implantation, is a useful compilatior 
When a work so significant appear 
at such a price the reviewer must also. __ 
try to advise librarians as to whetħer __ 
it is a good buy. I have already told = 
my librarian that it is, and to others 
would say that, like Harris tweed, the 
price may hurt but the goods will give E 
long and unwilting service. E 
A. G. Houmes-SteLe 2 


Nature and nurture 


Introduction to Behavioral Genetics. By a 
G. E. McClearn and J. C. Defries. Pp. 
349. (Freeman : San Francisco, Iy 
$10. 
Some of the most iata de 
ments in the interdisciplinary fi 
behaviour genetics have occurred in he 
thirteen years since Fuller and Thomy 
son’s Behavior Genetics provided 
first and, until now, the only compi 
hensive coverage of the subject. T 
publication of Introduction to Beha 
ioral Genetics under the joint aut 
ship of a geneticist and a psycho 
is, therefore, particularly welco 

The introduction puts the e 
of the central problem of beh 
genetics, the nature—nurture — contro- 
versy into historical perspective and the 
final chapter reviews the current- 
of this controversy as it relates t 
man behavioural differences that cont 
bute to social problems. In the interven- 
ing pages the basic principles of genetics 
are introduced and these are elaborates 
as necessary throughout the rest of he 
book. A brief account of basic statis- 
tical principles that stops short of t 
analysis of variance precedes the pre- 
sentation of examples from the behav- 
ioural genetics literature. These areo 
grouped under a number of headings 
according to whether one or many 
genes are involved, whether experi à  ž 
mental breeding or cytological observa-. — 
tion were the means of investigation, 
and whether the main interest of tbe = 
results obtained relates to the bio = 
chemistry of gene action, the processes- 
of development or the forces acting on- 
natural populations. A chapter wholly 
devoted to quantitative genetics, which | 
in content and approach owes much to 
Falconer’s Introduction to Quantita- 
tive Genetics reflects the present day 
emphasis on quantitative differences 
in behaviour. 

Though the authors can rightly 
claim to have produced an introduc- 
tion to the entire range of behaviou 
genetics, they have done so, to some 
extent, by offering ad hoc solutions to — 
the immediate issues raised by the 
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behavioural examples rather than using 
well-chosen examples to develop and 
illustrate the experimental methodology 
and the principles underlying the an- 
alytical procedures and interpretations. 
It is difficult to believe that more appro- 
priate examples could not have been 
found or that they could not have been 
used more effectively to illustrate the 
principles of experimental design, model 
building, hypothesis testing, interpreta- 
tion and prediction. These are, however, 
relatively minor deficiencies compared 
with the advantages of having a concise, 
up to date account of the subject. 
J. L. Jinxs 


Deformed embryos 


Environment and Birth Defects. By 
James G. Wilson. Pp. xiv+305. (En- 
vironmental Studies: an Interdis- 
ciplinary Monograph Series.) (Acade- 
mic: New York and London, December 
1973,) £9.10. 

THOUGH mortality at all ages in the 
period of childhood and adolescence 
has fallen dramatically during the past 
few decades mortality from congenital 
defects has shown little change. The 
relative importance of congenital de- 
fects has increased and continues to 
increase. This applies both to mortality 
and morbidity. Knowledge on the aetio- 
logy and underlying pathogenesis of 
congenital defects is very limited and 
much of the information available is 
widely dispersed in the literature. A 
book which brings together and unifies 
much of the existing information on 
teratology—defined as the adverse 
effect of environment on developing 
systems—is to be welcomed and fills a 
gap in the medical and biological 
literature. 

The book begins by identifying the 
broad issues in teratology including the 
basis on which the conceptus becomes 
susceptible to adverse effects; the dis- 
turbance of cellular tissue and develop- 
mental processes which constitute the 
basic pathology of teratology; the im- 
portance of accessibility of an agent to 
the conceptus in determining possible 
teratogenic effects; dose effects; and the 
possible range of manifestations of de- 
viant development. The causes of devel- 
opmental anomalies are discussed in 
terms of genetic influences, chromoso- 
mal aberrations, radiation, chemicals 
and drugs, dietary imbalance, infec- 
tions, respiratory gas levels, extremes 
of temperature, metabolic or endocrine 
imbalance, physical trauma, mechani- 
cal factors, placental factors, antibodies 
and combined effects. A review of the 
various drugs known or suspected’ to 
cause congenital malformations (not 
entirely complete) is relevant to clinical 
pharmacology and it touches on the 


possible teratogenic effects of environ- 
mental chemicals used in industry and 
in agriculture. | 

The book then goes on to discuss the 
means by which developmental defects 
occur-—the mechanisms of teratogenesis 
-—under the headings of mutation; 
chromosomal non-disjunction and 
breaks; mitotic interference; altered 
nucleic acid integrity or function; de- 
ficiency of precursors, substrate and 
enzymes; altered energy sources, en- 
zyme inhibition; osmolar imbalance; 
changed membrane characteristics; ex- 
cessive cell death; reduced cell proli- 
feration; disturbed interaction between 
cells; and reduced migratory movement 
of cells. Figures are given for the 
general incidence of developmental 
defects in man based on differing assess- 
ments made on embryos, stillbirths, 
neonatal deaths and later deaths. The 
effect of teratogenic processes is classi- 
fied into four categories, namely, intra- 
uterine death, malformation, growth 
retardation or functional defect. 

There is a useful account of the early 
developmental stages of the human 
ovary and foetus with pictorial repre- 
sentation of 23 different stages from 
fertilisation to the S3rd day of gesta- 
tion, and a discussion on the concept 
of critical periods of susceptibility. 

Further chapters deal more specifi- 
cally with the access of teratogenic 
agents tc the foetus and the foetal de- 
fence mechanism against them, and 
with the means of detection of terato- 
genic effects in man including recogni- 
tion based on observation of clusters 
of cases, epidemiological surveys and 
surveys of high risk populations. 

The last quarter of the book deals 
largely wth the contribution of animal 
experiments to the assessment of human 
teratogenic risk and to the problems 
which arise from such experiments. 
The latter include the differing effeci 
caused by the timing of any insult, dose 
effect in respect of quantity of terato- 
gen and duration of administration, the 
masking of teratogenesis by embryo- 
lethal effect and standards of recogni- 
tion of defects. There is a section on 
the various animals which can be used 
in teratology testing. The author puts 
forward a suggested scheme of terato- 
genic testing based on the graded use 
of animals of different availability and 
cost. Lastly there are special sections 
on appropriate literature relative to a 
number of individual animals and there 
is a valuable general bibliography. 

This book ranges over the field of 
teratogenic response to the environ- 
ment as revealed by animals and human 
studies. It concentrates primarily on 
the broader biological issues of tera- 
togenesis approaching the subject from 
a morphological rather than a bioche- 
mical standpoint. The principles of 
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teratological testing are discussed and 
the author’s own recommendations re- 
garding his scheme for animal testing 
of suspect drugs provides a special 
component to the discourse. The book 
is clearly and concisely written and will 
prove a very valuable source of infor- 
mation to a wide range of those who 
are concerned with the environment 
and its possible effect on human de- 
velopment. These would include 
environmental scientists, hygienists, 
developmental biologists, obstetricians 
and paediatricians, toxicologists and 
pharmacologists. JOHN O. FORFAR 


Mathematical brainwaves 


Automation of Clinical Electroence- 
phalography. Edited by Peter Kellaway 
and Ingemar. Petersén. Pp. viii+318. 
(Raven: New York; North-Holland: 
Amsterdam, 1973.) $22.70; Dfi.59. 


THis book provides an excellent guide 
to the quantitative methods of analysis 
currently being employed in EEG re- 
search. In the opening chapters, the 
editors draw attention to the major 
problem involved, namely that of de- 
fining the standard method of visual 
analysis in mathematical terms. For 
the non-clinician, a comprehensive 
description of standard EEG analysis 
is included, together with examples of 
typical wave forms and commoner 
abnormalities. 

The case is presented for regional 
centres for automatic EEG analysis, so 
that research methods described can 
be widely applied to clinical practice. 
To implement this programme, a tele- 
metry system capable of carrying at 
least eight channels of information 
would be required, a suitable system 
operating by public telephone being 
described later in the book. Continu- 
ing this theme, methods are describe’! 
enabling myltichanne!l EEG data to be 
presented in a simplified form on a 
single page, either by bar graphs for 
the principal frequency bands (delta, 
theta, alpha, beta), or by compressed 
spectral array, neither technique re- 
quiring as experienced an interpreter 
as conventional paper records. Exten- 
sive data reduction is involved, and al- 
though the two methods are comple- 
mentary, they are suitable only as 
screening tests, and not as replacements 
for conventional EEG techniques. The 
method and application of Fast Fourier 
Transform are considered, and among 
many other topics included are pattern 
recognition techniques and EEG analy- 
sis in sleep. 

The book is well presented and 
clearly illustrated throughout, and 
should prove a valuable reference work 
for those with interests in this expand- — 
ing field. L. M. BRANCH 
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Classified Advertisements 


| CONDITIONS. Ail advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act [968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

-> The Publishers will not be liable for any loss 

` occasioned by the failure of any advertisement to 

appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00, Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's inn, 

London, WC2A 2ED. Telephone: 01-242 6264. 

Telegrams: Textualist, London, VV.C.2. 






APPOINTMENTS VACANT 


DIRECTOR 


The Jackson Laboratory invites applications for 
the position of Director of the Laboratory, which 
will become open on October 1, 1975. Qualified 
applicants are invited to submit a curriculum vitae 
and summary of experience to one of the following: 

Dr James D. Ebert, Chairman, Search Com- 
mittee, Marine Biological Laboratory, Woods 
Hole, Massachusetts 02543; 

Dr James F. Crow, Member, Search Committee, 
Department of Medical Genetics, University of 
Wisconsin, Madison, Wisconsin 53706: 

Dr Douglas L. Coleman, Secretary, Search Com- 
mittee, The Jackson Laboratory, Bar Harbor, 
Maine 04609. 

AN EQUAL OPPORTUNITY Sree ene 

{i 





INFORMATION SCIENTIST 


required to prepare input and abstracts for the 
monthly abstracting journal ‘‘Aquatic Sciences and 
Fisheries Abstracts”, and to assist in the general 
running and development of the Marine Pollution 
Information Centre. Applicants should be science 
graduates with relevant qualifications or experience 
in information work. Salary on the Civil Service 
scale for Scientific Officers, £1,435 to £2,329 (max) 
{under review). Applications, giving full relevant 
details and naming two referees, or requests for 
further information, should be sent to: The 
Librarian, Marine Biological Association of the 
United Kingdom, Citadel Hill, Plymouth PLI 2PB, 
Devon. (294) 





STAFF VACANCY 
OXFORD ENGLISH DICTIONARY 


Applications are invited for a new full-time 
appointment as: 


RESEARCH ASSISTANT (Science) 


for A SUPPLEMENT TO THE OXFORD ENG- 
LISH DICTIONARY, now in ‘preparation at 
Oxford (Volume 1, A-G, published in 1972). The 
successful applicant will be required to investigate 
the history and usage of terms from all branches 
of science, using the resources of the Oxford 
University libraries. A degree in science is essen- 
tial. Salary in accordance with experience and 
qualifications, but not normally less than £1,667 
per annum, with participation in Clarendon Press 
superannuation scheme. 


Further particulars from: 


The Personne! Department (KB), 
The Clarendon Press, 

Walton Street, 

Oxford OX2 6DP 


to whom applications should be made in writing, 
with curriculum vitae and the names and addresses 
of two referees, by August 5. (293) 


nnana aan OOS 


THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of EX- 
PERIMENTAL OFFICER IN ZOOLOGY tenable 
from September 1, 1974, tọ assist in research 
(directed by Dr K. C. Highnam) into the en- 
docrine control of development and reproduction 
in insects. Salary Range: £1,596 to £2,340 (£1,307 
to £2,505 from October 1, 1974). Further parti- 
culars from the Registrar and Secretary, The Uni- 
versity, Sheffield S10 2TN to whom applications 
(3. copies) should be sent by July 31, 1974. 
Please quote reference R110/G. (269) 


KINGSTON POLYTECHNIC 
























K.E.C. RESEARCH CENTRE 
ITALY 


The E.E.C. Research Centre at Ispra (near Lake Maggiore in Italy) is 
seeking to fill the following posts: 


Head of Engineering Service 


This service, totalling about 20 persons, is comprised of university gradu- 
ates and design draughtsmen divided into groups dealing with reactor 
physics, instrumentation, mechanical design and project engineering. 


Candidates must have a good university degree, preferably in engineering, 
but a physicist or chemist with suitable experience would also be considered. 


At least 10 years’ experience in nuclear engineering is required, preferably 
with water reactors and, if possible, with in-pile loops. Approximately 
half of this time should have been spent in a position of responsibility with 
resultant capability to lead a group of qualified engineering personnel. 


Good knowledge of French, Italian or English is required with a fair 
knowledge of at least one of the other two languages. | 


Radiochemist 


for work involving research in the field of transuranium and trans- 
plutonium elements separation by solvent extraction or other methods., 


Candidates should be under 35 years old and university graduates or 
postgraduates with at least two years’ radiochemistry experience. 


Senior Technical Assistant | 
(Engineering Technical Assistant) 


for the Fracture Mechanics Group (Reactor Safety Programme) of the T 
Technology Division, to be responsible for the standard destructive 


mechanical -tests that are carried out on specimens (tensile strength, 


hardness, impact strength, Pellini, etc.); to devise and carry out fracture- © 
mechanics tests (COD, Kc, I, etc.) and to devise non-destructive methods . : 


of stress-strain measurement (Moiré, photo-elasticity, etc.). 


Candidates should have a Higher National Diploma, Higher National f 5 
Certificate or equivalent, in mechanical engineering and at least five years’ ` 
experience of destructive mechanical testing and/or stress-strain measure- — 


ment. Additional experience of data processing would be an asset. 


Radiochemical Technician 


for radiochemical work in glove-boxes on transuranium and trans 
plutonium elements. 


Candidates should be HND graduates in applied chemistry with radio- 
chemistry elements and have achieved practical experience preferably in 
a radiochemical laboratory. 





In all cases, contract will be initially for two years, probably renew- 
able for a further year. | 


Application forms and further details of the terms and conditions of 


employment, which compare well with national scientific institutions, may.. 








be obtained from: Mr. P. Blaes, Personnel and Administration. Division, . A 
Commission of the European Communities (Euratom), Ispra (Varese) Italy. uy 


Completed application forms, indicating the post for which you wish to be i 


considered, should be received at the above address by 19th August, 1974. 


SCHOOL OF CHEMICAL AND DEPARTMENT OF CHEMISTRY 


PHYSICAL SCIENCES 


(267) 


UNIVERSITY OF LEICESTER 


Applications are invited for the post of RE- 


RESEARCH ASSISTANT 


required to study utrasonically-induced damage in 
biological material and the mechanisms by which 
this occurs. You will be encouraged to register for 
a higher degree. Applicants should be honours 
graduates in a physical science or biology. Salary 
£1,427 to £1,537 (under review). Further details 
and application. forms from Appointments Officer, 
Kingston Polytechnic, Penrhyn Road, Kingston 
upon Thames KTI 2EE. 01-549 1366. (287) 


SEARCH TECHNICIAN (Grade 3) to carry out 
manipulation on a high vacuum line and to 
operate an Electron Spin Resonance spectrometei 
H.N.C. or a degree would be an advantage 
other applicants with appropriate experience: will 
be considered. Apply to Dr J. B. Raynor, Chen 
Department, The University, Leicester LEI IRH, - 
naming two referees. Salary in range £1,650 i 
£1,920 with threshold agreement. (275) 











NEW ZEALAND 
Ministry of Agriculture & Fisheries 


Applications are invited for the undermentioned vacancy: 


CIENTIST 


(BEEF PRODUCTION) 


RUAKURA ANIMAL RESEARCH STATION 
HAMILTON, NEW ZEALAND 


SALARY: 


Payable up to NZ$12,653 depending on qualifications and experience. 


DUTIES: 

To carry out feeding and management studies with grazed and stall 
fed cattle. Comparisons are required between the performance of grass 
fattened and feed-lot finished stock, both relative to physical rates of 
live weight and carcass gain, and to eating quality of the meat. The 
influence of rearing systems and the contributions of compensatory 
growth of beef cattle performance require examination under a wide 
range of circumstances. 


QUALIFICATIONS DESIRED: 


Masters degree or higher in agricultural science. 


PASSAGES: 


Fares for appointee and his wife and family, if married, will be paid. 


INCIDENTAL EXPENSES: 


Up to NZ$120 for a single man and NZ$800 for a married man can be 
claimed to cover the cost of taking personal effects to New Zealand. 


Application forms and general information are available from the 
High Commissioner for New Zealand, New Zealand House, Haymarket, 
ioe SWIY 4TQ, with whom applications will close on 22 August 
1974, 


Please quote reference P/T 104 when enquiring. (274) 





Findyour place in British Gas 
SPECTROSCOPIST 


A scientist with post-graduate research experience in spectro- 
scopy is required to join a group engaged on R and D in 
combustion. Work in the group would include the development 
of laser diagnostic techniques, including Raman spectroscopy, 
for the study of high temperature flames. 


Candidates should be graduates in one of the physical sciences. 
Starting salary will depend on qualifications and experience, 
but will be within a scale rising to £3,192 or £3,510 (currently 
under review). 


For further details and an application form, 
write to Research Secretary, British Gas 
Corporation, London Research Station, Michael 
Road, London SW6 2AD, quoting reference 
4010/12/NA. (327) 


BRITISH GAS 
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UNIVERSITY COLLEGE CARDIFF 


TEMPORARY RESEARCH 
TECHNICIAN 
IN FHE DEPARTMENT OF ZOOLOGY 

Applications are invited for the abave position 
concerned with work on the distribution of animals 
on the Severn Estuary. Candidates must possess 
some zoological training, and familiarity with twa 
stroke motors would be an advantage. Duties to 
commence August F, 1974. Closing date is one 
week fram the appearance of this advertisement. 
Salary range £1,524 to £1,794. 


Applications, together with the names and 
addresses of two referees, should be forwarded ta 
The Registrar, University College, P.O. Box 78, 
Cardiff CF1 IXL, Please quote ref. 0605. (290) 








UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANT 


Applications are invited from medical graduates, 
honours or postdoctoral graduates in physiology. 
pharmacology or biology to undertake an M.R.C. 
grant-aided project on Neurotransmitter Metabolism 
in the Cerebral Cortex in the Institute of Physi- 
ology. The post is tenable for 3 years from October 
1, 1974 and salary range will be £2,118 to £2,412 
per annum. 

Applications should be lodged with Professor 


I. A. Boyd, Institute of Physiology, University of 
Glasgow by August 16, 1974. Further information 
can be obtained from Dr J. A. G. Watt, Gartnave] 
Royal Hospital, {055 Great Western Road, Glasgow 
Gi2 OXH. 

In reply please quote Ref. No. 311M. (st) 





UNIVERSITY OF EAST ANGLIA 


Applications are invited fram suitably qualified 
persons for a SENIOR RESEARCH ASSOCIATE- 
SHIP in the Climatic Research Unit (associated 
with the School of Environmental Sciences). A 
good degree in physics, meteorology or geophysics 
and previous experience of research and practical 
work in climatology and/or the global circulation 
of the atmosphere or oceans is desirable. The work 
of the Unit is concemed with improving knowiedge 
of the long record of climate, and of global rela- 
tionships, with a view to establishing predictive 
techniques and statistical rules based on under- 
standing of the physical processes of climafic 
variation, Salary on the scale £2,118 to £4,896 
according to age and experience. The appointment 
will be for 3 years in the first instance. 

Applications (one copy only}, with a curriculum 
vitae and list of publications, together with the 
names and addresses of two persons to whom 
reference may be made, should be sent to the 
Establishment Officer, University of East Anglia. 
Norwich NOR 88C, England, and must be received 
before August 31, 1974. (276) 





UNIVERSITY OF LONDON 
GOLDSMITHS’ COLLEGE 


NEW CROSS, LONDON SEI4 6NW 


Applications are invited for the post of Techni- 
cian (Grade 3) in the Geology Department to start 
as soon as possible. 

The person appointed should have a keen in- 
terest in geology and preferably be studying for an 
academig qualification in geology, if not already 
qualified. 

Duties would include: 

1. Curating the Departmental map and 
specimen collection. 

2. Thin section making. 

3. Photographic and reprographic work. 

4. Display work. 

5. Attendance at field-classes. 

Salary, according to qualifications and experi- 
ence, within the following range: £1,740 to £2,010 
p.a. including £90 London Weighting Allowance. 

For further details write, enclosing a stamped 
addressed Ad envelope, to the Personnel Officer. 


to whom applications should be sent by August 
16, 1974. (272) 








MEDICAL LABORATORY 
TECHNICIAN 


required for expanding diagnostic radicimmuno- 
assay/saturation assay department. Experience in 
radioisotopic methods is desirable though not 
essential, but attention to detail and a high stan- 
dard. of orderliness in laboratory work are: very 
important requirements. Successful candidates will 
be expected to display initiative and to contribute. 
to the development of new techniques in this 
expanding and important field. Salary on Whitley 
Council scale according to age and experience 
(maximum £2,577 p.a). Applications including a 


-eurriculum vitae and the names and addresses of 


two referees should be submitted to: Professor 
R. P. Ekins, Department of Nuclear Medicine. 
The Middlesex Hospital School, London. WIN 
TRL by July 31, 1974. Q66) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BLOCHEMISTRY 


Applications are invited for the post of Post- 
doctoral Research Assistant, financed by the S.R.C., 
to develop some aspecte of Affinity Chroma- 
tography. Candidates should have an interest in 
Enzymology. , 

Applications, stating age, qualifications and ex- 
perience, together with the names of two academic 








referees should be received as soon as possible by 
the Registrar, The University, P.O. Box 147, ellcome 
Liverpool L69 3BX. Quote ref. Pa. 

} 


UNIVERSITY OF ALBERTA R es ea r ch 
DEPARTMENT OF ENTOMOLOGY | e- si 


Applications are invited for the position of 
ASSISTANT PROFESSOR, effective April 1, 1975. 


| , z = 
Qualifications are Ph.D. with postdoctoral expe- sa 
rience im imsect physiology and interest jn aspects 
of this field applicable to agricultural or forest 


entomology, Duties include teaching courses in 
general or applied entomology and insect physio- 


logy, the development and direction of a research : : 
program and supervision of graduate students in if rig t urrey 
insect physiology and in application of some r, 

aspect of physiology to agricultural or forest en- 


tomology. Maximum starting salary $14,043, ; We require Technicians or Senior Technicians for our Laboratory 

3 P A E aL. 197k pa T Cioe A at Pirbright, Surrey, to work mainly on the research aspects — 

Ball, Chairman, Department of Entomology. 260 of the immune response to foot-and-mouth disease vaccine. Candidates 

Agriculture Building, University of Alberta, Edmon- should be between 20-25 with ONC, HNC or equivalent qualification 

ton, Alberta T6G 2E3. (297) and have a biochemical background. Some experience in 
chromatography electrophoresis and precipitation techniques is 
desirable. 






UNIVERSITY COLLEGE GALWAY 












These posts are permanent and offer a good salary together with 
excellent conditions of employment. 


JUNIOR LECTURESHIP 
IN ZOOLOGY 


Please write quoting ref: U/466 and giving brief 
details of qualifications and experience to the 
Personnel Officer, 

The Wellcome Research Laboratories, 

Langley Court, Beckenham, 

Kent BR3 3BS. 


Applications are invited for the above past. 
Salary scale £2.478 by 99 (10) to £3,468, 
plus Family Allowances. The closing date 
for receipt of applications is August 8, 1974, 
Prior to application, further information 
should be obtained from the Registrar of the 
College, (3083 





(303) 


NEW ZEALAND 





UNIVERSITY OF NOTTINGHAM Department of Scientific and 
DEPARTMENT OF BOTANY AND ; 
Ae E Industrial Research 
EXPERIMENTAL OFFICER Og 
Applications are invited for the post of Experi- Applications are invited for the undermentioned vacancy: 


menial Officer to assist in a research project con- 


cerned with the biosynthesis of secondary meta- 
bolites in plant tissue cultures. The project js l 
financed by the S.R.C. for a period of two years, : l 


Candidates should be graduates in a biological 








science or chemistry. Salary on a scale rising te i ; i i 
£1,647 pdus F.S.S.U. deacadiay on epenn ane The New Zealand Oceanographic Institute, Department of Scientific 
qualifications. and Industrial Research, Wellington, has a vacancy for a Marine Zoo- 
Further particulars and forms of application logist to work on shallow water invertebrates in fluctuating enyiron- 
Which should be returned immediately, can be mental situations 
pounce ne Staff Appointments Officer, 
Iniversity o ottingham, University Park. Not- ; 
tingham. Ref. No. 385. (301) SALARY: 
: According to qualifications and experience, 
UNIVERSITY OF KEELE DUTIES: 
DEPARTMENT OF PHYSICS it is envisaged that following some initial survey work, the appointee 
Applications invited for post of Demonstrator could concentrate on ecology and/or physiology of selected species 


tO assist with laboratory and tutorial work. Post 


on year to year basis renewable up to total of which appear indicators of environmental changes due to human 











three years. Salary £1,815 per annum, Average 12 activity. 
hours formal teaching per week. Rest of time 
available for research, Candidates should have QUALIFICATIONS DESIRED: 
good honours degrees. Application forms and i : : 
further particulars grom the Registrar, The Uni- Ph.D with good research background as evidenced by published papers, 
ersity, Keele, Staffs., STS 5BG, to whom com- ; > i 
pleted forms should be returned by August 6, ats preteraly eee paguas EPER R: 
1974. (302) PASSAGES: 
| Fares for appointee and his wife and family, will be paid. 
RESEARCH BIOCHEMIST is ‘ i 
A vacancy exists in the Lipid Research Lab- 5y INCIDENTAL EXPENSES: 
oratory at St Bartholomew's Hospital, London, , j 
studying lipoprotein metabolism in relation to Up to NZ$120 for a single man and NZ$800 for a married man can be 
Diabetes and Hyperlipaemia. The post would be claimed to cover the cost of taking personal effects to New Zealand. 
suitable for a higher qualification (Ph.D. or M.D.). Z ; : i i 
Previous experience in lipoproteins or lipid meta- Application forms and general information are available from the 
olism would be an advantage. Salary according High Commissioner for New Zealand, New Zealand House, Haymarket, 
to age and experience. L j icati i 
E i l ondon, SWIY 4TQ, with whom applications will close on 22 August 
Applications with full curriculum vitae to th 1974 
Wet Saika. LONDON CONT tee ee ° 
Smithfield, CIA JBE quoting ren iri 
ref R/4003/N. Closing date Angee g. ae g Please quote reference P/T 108 when enquiring. (277) 


(312) 






G. D. Searle are one of the benefits include a contributory 












world’s leaders in medical Pension Fund, BUPA Scheme, 
research. A vacancy has arisen excellent canteen and an active 
in the Research Division based sports and social club. If 

at High Wycombe fora necessary, assistance with 
Technician/Research Assistant relocation expenses will be given 
to join a group working on the in appropriate circumstances. 
experimental aspects oftumour Please apply to H. W. Cooke, 
immunology. Personnel Manager, Research 
The position will probably suit and Development Division, 
someone with laboratory G. D, Searle & Co. Ltd., Lane 
experience in the field of End Road, High Wycombe, 
immunology, but recent Bucks, or telephone him on 
graduates in biological science High Wycombe 21124 

who are interested in this area ext. 130 , 






of work should also apply. quoting ar 
In addition to an attractive reference SEARLE 
commencing salary, company IR/113. 









(279) 


TECHNICAL DEVELOPMENT MANAGER 
HIGH VACUUM TECHNOLOGY 


A Physics Graduate, aged about 40, is there are opportunities for further ad- 
required to head a technical group en- vancement within the organisation. Loca- 
gaged in high voltage, high vacuum tion is North West London. 

technology. Please reply giving full personal and 
The Group wilf evaluate developments and career details to Position Number BKT 
as appropriate will introduce innovations 4495 Austin Knight Limited, London, 
to manufacturing processes which have, WIA IDS. 

in part, being current for some 25 years. Applications are forwarded to the client 
The Manager may initially secure a detailed concerned. therefore companies in which 
appreciation of the problem areas through you are not interested should be listed in 
secondment for a period of six months a covering letter to the Position Number 
to an associated U.S. Company. Supervisor. 


This is a challenging appointment, and (321) 


MANCHESTER AREA HEALTH AUTHORITY (TEACHING) 
SOUTH DISTRICT, WITHINGTON HOSPITAL 
MANCHESTER M20 8LR 


The National Reference Laboratory for 
Anticoagulant Control Reagents 


MEDICAL LABORATORY TECHNICIAN 


required, A.1.M.L.T. qualifications or good honours degree in applied 


science necessary. Appointee will be trained in basic routine blood 
coagulation procedure and will participate in routine work, research 
and development, Good career prospects. 


Applications including names of two referees to the Hospital 
Secretary quoting reference B29. (343) 












à PERTH HOSPITAL 
(WESTERN AUSTRALIA) 
Applications are invited for the position of 

SENIOR TECHNOLOGIST 

(ELECTRON MICROSCOPY) 
Applicants should possess an appropriate quali- 
fication such as A.A LMT., F.A.I.M.T., B.Sc., 
B. App.Se. (M.F) or equivalent, and shouid be 


experenced jn both Transmission and Scanning 
Microscopy techniques and equipment 


Supplementary trading at the manufacturer's 
works in Germany or America may be offered 
according to the needs of the appointee. 


The appointee will be responsible for the techni- 
cal development and function of the newly estab- 
lished Electron Microscopy Unit at this 1,004 
bed General Hospital. 

Duties will involve the preparation, examination 
and photomicrography of predominantly biological 
specimens in collaboration with various hospital 
departments; instruction and supervision of tech- 
nical staff: adjustment and maintenance of equip- 
ment: records, filing ete. Salary range $410,039 
to $A11,033 per annum. 


Further information is available on request. 


Applications stating name, age, qualifications, 
experience, Ref. No. 140a, together with names 
and addresses of three referees and accompanied 
by a recent photograph should reach the Adminis- 
trator by August 19, 1974, 

Box X 2213, GPO, Perth, Western Australia, 
6001. (319) 








MAX-PLANCK INSTITUT 
FUR MOLEKULARE GENETIK 
BERLIN (WEST) 
has openings for 
QUALIFIED TECHNICIANS 


to aid with research in the following areas: 
electron microscopy, microbial genetics, biochemistry 
of microorganisms, biochemistry of nucleic acids. 
Salary according to age and experience between 
DM 19,000 and 24.000 pa. Travel expenses to 
Berlin after employment can be met. 

Speaking knowledge of German would be helpful 
but not required in the laboratory. 

Applications giving names of two referees should 
be sent to: 


Professor T. A. Trautner 

Maex-Planck-Institut für molekulare Genetik 
D-19000 Berlin 33 

Thnestrasse 63/73 (316) 


UNIVERSITY OF NATAL 
DEPARTMENT OF CHEMISTRY 
PIETERMARITZBURG 


Applications are invited from suitably qualified 
persons for the appointment to the post of 


JUNIOR LECTURER IN CHEMISTRY 


The salary scale attached to the post is RI 600 
by $50 to R4 500 plus a [8% pensionable allow- 
ance. The position is tenable for three years in 
the first instanec, 

The duties are teaching and research in Organic 
Chemistry. The post is suitable for a person with a 
B.Se.{Hons.) or higher degree. The research will 
be in the field of insulin chemistry. 


Application forms are obtainable from the Re- 
yistrar, University of Natal, King George V 
Avenue, Durban, 4001, Natal, South Africa, with 
whom applications on the prescribed form should 
be lodged nop later than August 31. 1974, gueting 
Ref. Adv. 78/74. 


Further particulars are obtainable from Fro- 
fessor D. A. Sutton, Head of the Department of 
Chemistry, “Middle Cittage’’, Suttan End, 
Crockerton, Warminster, Wiltshire, England. from 
July 24 to 3h, 974. (296) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PARASITOLOGY 


Applications are invited for the post of Lecturer 
in the Department of Parasitology. This post is to 
be filled in Januury 1975. Candidates should hold 
a good science devree and docturate in relevant 
subjects. Practical experience in the parasitology 
of tropical discases js essential and preference will 
be given to candidates who already have experience 
in teaching and/or research on parasitic diseases, 

The successful applicant may have the appar- 
tunity to spend periods of service on secondment 
overseas at teaching and/or research centres but 
will be based in the Department of Parasitology. 

The initial salary will be within the range £2 118 
to £4,896 per annum according to qualifications 
and experience. 

Applications, together with the names of three 
@cferees should be received not later than August 
1S, $974 by the Registrar. The University. P.O. 
Box 147. Liverpool L69 3BX, fram whom further 
particulars may be obtained. Quote ref. RW/N/ 
276127. (270) 
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ENTOMOLOGIST— 


Agrochemical Research 


UNIVERSITY OF 
NEW SOUTH WALES 
SCHOOL OF PHYSICS — 
LECTURER 

High academic qualifications required. Experience 
in teaching at tertiary level an advantage. Appoint- 
ment from February 1975. . 

Salary $A9,002 range $412,352 per annum. Com- 

mencing salary according to qualifications and 
experience. 
Metais of appointment. including superannua- 
hon, study {deave and housing scheme, may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 

Applications clase in Australia and London on 
September 13, 1974. (304) 





UNIVERSITY OF QUEENSLAND 


Australia 
READER IN VETERINARY 
ANATOMY 


This is the mest senior departmental position 
and it is likely that the successful applicant will 
rapidly assume the Headship of the Department. 
Applicants should preferably hold both a veterin- 
ary and a higher qualification: they should be able, 
experienced teachers, with a particular interest in 
gross anatomy. Research skills, a flair for or 
ganisation and originality will all be considered 
favourably. . 

The salary is $A16,389 per annum, and the 
University provides travelling and removal ex- 
penses, superannuation similar to F.S.S.U.. housing 
assistance and study leave. 

Additional information and application forms 
are obtainable from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, | 

Aplications close jn London and in Brisbane 
on September 30, 1974, (308) 











DALHOUSIE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited for a Faculty position 
at the level of Lecturer/Assistant Professor. Appli- 
cants should have an M.D. or Ph.D. with research 
experience and a major interest in medical micro- 
biology. Salary according to qualifications and 
experience, 


Applications including Curriculum Vitae and the 
& 


names of three referees to: 
Dr K. R. Rozee, 
Department of Microbiology 
Dalhousie University 
Halifax, Nova Scotia, Canada, (307) 


Fisons Agrochemical Division, one 
of the major manufacturers of 
chemicals for crop protection, are 
expanding their programme of 
Research and Development. To 
satisfy part of our needs, we now 
wish to appoint a Senior Research 
Assistant in the Biological 
Screening Department of our 
Chesterford Park Research Station, 
near Saffron Walden, Essex. 


Ideally, we are seeking either a 
young graduate in the Biological 
Sciences, or someone who expects 
to graduate in 1974, as experience 


including the development of 
methods for new species. 


We can offer a competitive starting 
salary and our other Company 
conditions of employment are 
amongst the market leaders. 


For further details and an 
application form, please write, 
quoting reference 633/to: 


Personnel Department, 

Fisons Limited-~Agrochemical 
Division, 

Chesterford Park Research Station, 

Near Saffron Walden, 





is less important than the ability Essex, CBIO LXL. 
to fit into an existing team. 

As part of that team, the person 
appointed would be required to 
carry out insecticide and 
nematicide screening tests to 
evaluate the effectiveness of novel 
compounds, and to assist in the 
culture of the insect colonies 





(284) 





GLAXO LABORATORIES LIMITED 
Fermentation Microbiologist 
Ulverston, Cumbria 


We require an experienced microbial physiologist to join our 
Fermentation Development Department. The department consists of 
microbiologists, biochemists, geneticists and chemical engineers in 
multi-disciplinary project teams. Each team is responsible for the R & D 
in one cf cur major product areas, which includes antibiotics, 

vitamin B12 and industrial enzymes. The successful candidate would be 
appcinted as a member of a team, seniority depending on his or her 
preven ability and experience. 

The job involves the origination and execution of experimental 
programmes from the laboratory to the production scale, Although 
experience cf strain selection and the biosynthesis of extracellular 
products would be an advantage, the main qualities we are looking for : 
are an understanding of the physiology of microbial growth and product BERE 
formaticn and experience in the use of fermenters. | 
Ideally candidates should have some postgraduate experience either in 

academic or industrial research. The salary will be according to age 

and experience. 

The factory is one of the largest fermentation factories in the world. 

Ulverston is a pleasant market town situated on the southern fringe of 

the Lake District National Park. Relocation expenses will be reimbursed 

where appropriate. 





ae 


ay 


Applications in writing to: , — 
The Senior Personnel Officer (EWM), Glaxo Laboratories Limited, 
North Lonsdale Road, Ulverston, Cumbria, LAIZ 9DR. 
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South Africa 





. PROVINCIAL ADMINISTRATION OF THE CAPE OF GOOD HOPE 
Hospitals Department 

Principal 

Professional Officer 
(Medical Biochemist) 





The successful applicant will hold a responsible position in diagnostic 


_ Chemical Pathology at the Groote Schuur Hospital and other associated 


Teaching Hospitals in the environment of Cape Town. 


Essential requirements are a Bachelor’s degree, Honours degree, or a 
Master’s degree plus 3, 2 or | years’ training as a Professional Officer, 
respectively. Additionally, a Ph.D in Medical Bio-Chemistry or Chemical 
Pathology will be a strong recommendation. A medical qualification is 
not a necessity. 


Salary will be in the range £4523 x £188 — £5089, approximately. 

In addition, a pensionable allowance of 15% of basic salary (excluding 
allowance) is payable as well as an annual vacation savings bonus, 
subject to certain conditions. 


Applications must be made in duplicate on the prescribed form (Staff 
23) which is obtainable from the Chief Migration Officer, South 

African Embassy, Trafalgar Square, London WC2N 5DP and should be 
forwarded, by airmail, to the Director of Hospital Services, PO Box 
2060, Cape Town 8000, South Africa, as soon as possible. 





HROMATOGRAPHY 
SPECIALIST 


The role of the Analytical Chemistry Department separation science in a pharmaceutical research en- 
within the Central Research Division is to devise and vironment. i 

develop methods to control potential new drugs from 
the discovery to marketing phase. A principal aim js 
the generation of technical data for submissions to 
world-wide regulatory agencies, 












The successful applicant will have a BSc or GRIC 
qualification plus up to four years industrial experience 
in one or more branches of Chromatography. He/she 
will have a keen interest in the qualitative and quan- 


To maintain the technical support currently required, titative analysis of mixtures of organic compounds, A 
we now need an additional graduate Chemist to work knowledge of other instrumental techniques will be 
as a Chromatography Specialist. The work of the an added recornmendation. 

Analytical Chemistry Department is varied and in- ! TEE i ' tal 
cludes the application of GLC, HPLC and TLC to a Our laboratories are situated in a pleasant rural/coasta 


area at Sandwich, Kent. 


wide variety of problems including homogeneity as- 7 
sessment, the quantitative control of impurities and Our cenditions of employment include a free pension 
stability studies. The job involves working with a and death benefit scheme, assistance with removal 
large number of Research Staff and provides an ex- costs (where appropriate), bonus and flexible working 
cellent opportunity to gain a wide experience of hours, ee ; 


Applications, giving brief details of age and experience should be 
addressed to: — 


D. W. Sells 
Personnel Manager 
Central Research 
Pfizer Limited 
Sandwich 

Kent 
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Agricultural Research Council 
UNIT OF MUSCLE MECHANISMS 
AND INSECT PHYSIOLOGY 

OXFORD 
This Unit is investigating the molecular mechanism 
of muscular contraction and requires: 
1) RESEARCH ASSISTANT 
-with degree in physics or chemistry for research 
: programme invalving measurements of electrical 
conductivity 
2) SCIENTIFIC OFFICER 
with qualification in entomology and practical 
ability to supervise colonies of unusual tropical 
insects 
3) RESEARCH TECHNICIAN 
for work on protein biochemistry 
4) RESEARCH STUDENTS 
with good degree in biochemistry or physical 
sciences for research on contractile systems 
Further details from Professor J. W. §. Pringle, 
Department of Zoology, Oxford OXE IPS. 






IRELAND 


(a) SENIOR GEOLOGISTS (5) 
(b) GEOLOGISTS (II) 


required in the Geological Survey. 


The Government is continuing the implementation of its programme for the 
modernisation and expansion of the Geological Survey of Ireland to ensure that it is 
able to contribute in full to the economic development of the country. 

The present recruitment is in the second phase of expansion which includes the provision 
of additional office and laboratory accommodation and the necessary modern 
equipment. 

It is proposed to continue the re-mapping of the entire area of the Republic and to 
carry out the necessary regional studies both onshore and offshore. Applied research 
projects are also being undertaken to improve prospecting and mapping methods in 
Ireland. 

It is hoped to assemble a team of earth scientists of high calibre who will have a 
practical bias and who will be given every encouragement to carry out applied research 
and to publish the results. 











(3103 







\cAstremnanerenteh Mittran ermana: 


UNIVERSITY OF WATERLOO 
DEPARTMENT OF APPLIED MATHEMATICS 
invites applications from candidates qualified for 
a position ut the 


ASSISTANT OR ASSOCIATE 
PROFESSOR 


level with research interests in the area of Partial 
Differential Equations. Candidates will be expected 
to have at ivast three years post Ph.D. experience 
and a background in applied mathematics. The 
lecturing foad is not heavy but considerable 
emphasis will be placed on teaching ability. Pre- 
sent minimum salary for Assistant Professors is 
$13.000 and for Associate Professors is $17.000. 
Closing date for applications November 30, 1974. 
Starting date to be arranged but not later than 
July =, 1978. Send curriculum vitae. details of 
research and teaching experience and names of 
| three. referees to Dr D. G. Wertheim, ChairmaX® 
Department of Applied Mathematics, University 
of Waterloo. Waterloo, Ontario, Canada N2L IGT. 
: A (311) 








Applicants must hold a Ist or 2nd Class Honours Degree in Geology or in Geography 
with Geomorphology as a major subject and be under 40 years of age. One of the 
appointees must have experience in mineral resources, data collection and prospecting, 
one must have training in hydrogeology and a knowledge of water supply problems 
and one must have a knowledge of geochemical techniques. 
Commencing salary up to £3041 (Man) or £2699 (Woman) possible 

Maximum £3736 (Man) £3183 (Woman) 
Non-contributory pension scheme and contributory Widows and Orphans pension 
scheme apply to ail appointees. 
Application forms, and further details of these posts may be obtained from the 
Secretary, Civil Service Commission, 45 Upper O’Connell Street, Dublin 1. 


CLOSING DATE: ISth AUGUST 1974 
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CSURO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organisation has a 
broad charter for research into primary and secondary industry areas. The 
Organization has approximately 6,500 employees—2,100 of whom are research 
and professional scientists—located in Divisions and Sections throughout 


| RESEARCH SCIENTIST 
DIVISION OF ANIMAL HEALTH 

Melbourne, Victoria 

FIELD MICROBIOLOGICAL SECURITY 


LOCATION: The position is initially located at the CSIRO, East Melbourne, 
but some time will be spent at other locations in Melbourne. After a period 
of 5-6 years the position will be transferred to the Animal Health Laboratory 
at Geelong, Victoria. 


GENERAL: A major biological laboratory for the diagnosis of and research on 
exotic and indigenous diseases of livestock will be built in Geelong. The micro- 
biological performance of the facilities of great importance and will be the 
responsibility of the Officer-in-Charge of the Laboratory. The successful appli- 
cant will be working closely with and be responsible to the Officer-in-Charge, 


DUTIES: Research into the behaviour of micro-organisms in non-biological 
environments and specifically into engineering, mechanical, hydraulic and 
chemical systems for handling these agents. 


QUALIFICATIONS: A Ph.D. degree in microbiology or equivalent qualifica- 
tions; extensive experience in the achievement, maintenance and controj of 
microbiological security, with demonstrable research ability. 


SALARY: Appointment will be made within the salary ranges of Senior Re- 
search Scientist or Principal Research Scientist $A12,674-——-$A17,549 p.a. 


TENURE: The position is available for an indefinite period and Australian 
Government Superannuation benefits are available. 

Applications stating full personal and professional particulars, the names of 
at least two professional referees and quoting Reference Number 201/455, 
should reach: 


The Personnel Officer, 

Australian Scientific Liaison Office, 
64-78, Kingsway, 

LONDON, WC2B 6BD. 

by the 16th August, 1974 


Applications in U.S.A and Canada should be sent to 
The Counsellor (Scientific), 


Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. (346) 


SHEFFIELD AREA HEALTH AUTHORITY 
(TEACHING) 
Sheffield Central District (Teaching) 


NON-MEDICAL SCIENTIFIC OFFICER 


required until October, 1975, to take part in a research project investigating 


into the Excretion of Sulphated Corticosteroids in Breast Cancer. 


Applicants should possess a first or second class Honours degree, Whitley 
Council Terms and Conditions of Service apply. Salary: £1,797 rising to 
£2,259 p.a. 


Applications stating age, qualifications, experience and the names and 
addresses of two referees to the District Administrator, Sheffield Area Health 
Authority (Teaching), Central “District (T), 10 Beech Hill Road. Sheffield 
S10 2RZ, by August 3, 1974. Further details supplied on request. 

(376) 
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Fermentation Technologist 


CAWTHORN INSTITUTE 
NELSON NEW ZEALAND 


Application are invited for the position of 
FERMENTATION TECHNOLOGIST in the 
Resvarch Section of the Cawthron Institute. 
University degrees are not a prime con- 
sideration, 

A proven record of accomplishment in 
carrying out both batch and continuous fer- 
mentations is required. Skill in assembling 
and operating modern control equipment for 
pH control, dissolved oxygen control, etc. 
is essential. 

A new and well equipped laboratory is 
available for this work. 

Salary will be commensurate with qualifi- 
cations and experience within the range of 
$6,000 to $9,000 N.Z. a year. 

Nelson combines a relatively small com- 
munity with a very favourable climate and 
ready access to three National Parks and 
many recreations eg. swimming, boating. 
tramping. skiing, climbing, fishing. shooting. 

Please submit applications with full details 
of educational and experience qualifications 
and the names of at least 2 referees to the 
Director. P.O. Box 175, Nelson, New Zealand 
by August 1, 1974, (317 


JRE ATEENAAN AEEA TEREA 





MOLECULAR BIOLOGIST 


Faculty position for Ph.D. molecular biologist, 
2 or more years of experience desirable. Position 
involves collaborative research on herpesviruses and 
oncornaviruses with Hght teaching responsibility to 
medica] and graduate students. Send applications 
and curriculum vitae to Dr Meihan Nonoyama, 
Department of Microbiology, Rush Medical Col- 
lege, 1753 West Congress Parkway, Chicago, 
IHinvis, U.S.A. 60612. An equal opportunity 
employer. (318) 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF BOTANY AND 
MICROBIOLOGY 


Applications invited for the post of postdoctoral 
RESEARCH ASSISTANT in the Department of 
Botany and Microbiology. to work on the differ- 
entiation and ultrastructure of spermatozoid nuclei. 
Familiarity with the basic techniques of light and 
electron microscopy is essential, and some eX- 
perience of fluorescence microscopy and autoradio- 
graphy would be desirable, Applications, giving 
the names of two referees, io Assistant Seeretary 
(Personnel) University College London, Gower St, 
London WCILE 6RT. (323) 





UNIVERSITY OF BRADFORD 


POSTGRADUATE SCHOOL OF 
STUDIES IN 
BIOLOGICAL SCIENCES 


Applications ure invited from graduates in 
biochemistry, biology or suitable related sub- 
jects for a research assistant to work on the 
carbohydrate of x-lactalbumin and their role 
in lactose synthetose activity. The appoint- 
ment is for a period of one year and the 
successful applicant will have the opportunity 
of registering for an MSc. Informal interview 
can be arranged by contacting Dr J. V. 
Wheelock. Tel. No. Bradford 33466, Ext. 
$79, Further particulars and application forms 
from the Registrar, University of Bradford, 
Bradford, BD? IDP. (291) 





Histology Technician 


required in the Department of Neurology 
to take charge of nerve and muscle biopsy 
work. Applicants must be state registered 
and have had a minimum of 3 years éx- 
perience in basic histological techniques. Ex- 
perience in electron microscopy an advantage. 
but not essential. Salary scale £1,566 to 
£2418, 


Job description and application form (to be 
returned by July 31), from Personne! Officer, 
The Royal Free Hospital, 21 Pond Street. 
Hampstead NW3 2PN. Tel: 01-794 0431 Ext. 
12. (320) 
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UNIVERSITY OF RIYADH | 
MEDICAL SCHOOL 
Saudi Arabia 


< iin association with the University of London} 
Applications are invited from male candidates 
“only for the following posts in the Medical School 
at. the University of Riyadh. The vacancies have 
arisen as a result of the rapid expansion of the 
School. 


TECHNICIAN IN CHEMISTRY 
TECHNICIAN IN BIOLOGY 
TECHNICIAN IN HSTOLOGY 


TECHNICIAN IN ELECTRONIC 

7 PHYSIOLOGY 
TECHNICIAN IN PATHOLOGY 
TECHNICIAN IN PHARMACOLOGY 


Successful candidates will possess an O.N.C., 
City and Guild certificate or equivalent qualification 
and considerable experience. 

The University of Riyadh is an independent 
University established in 1957. In [968 the Uni- 
versity established a Medical School in association 
with the University of London. The request by 
the University of Riyadh for assistance in this 
project is covered by a sponsorship agreement. 
The University of London advises on the curri- 
culum, the form and conduct of examinations, 
the physical facilities for teaching, the appointment 
of academic staff and other matters, From the 
outset it has been anticipated that this assistance 
would continue over a period of at least 10 years 
possibly extending to 15 years. All teaching of 
medical undergraduates is in the English language. 

Appointments are for 1 year or longer; renew- 
able. Secondments would be considered. 

_ Salary will be negotiable in accordance with 
qualifications and experience. An attractive hous- 
ing: allowance will be granted. 
-Detailed applications (three copies) including a 
curriculum vitae and naming three referees should 
be sent mot later than July 26 to the Inter- 
University Council for Higher Education Overseas, 
90-91 Tottenham Court Road. London. WIP ODT 
from whom further particulars are available, 
(3363 









IMPERIAL COLLEGE 
DEPARTMENT OF BIOCHEMISTRY 


Microbial 
Biochemist 


Applications are invited for a 
S.R.C. Postdoctoral Assistantship for 
work on the Biosythesis of Ergot 
Alkaloids in collaboration with Dr 
P. G. Mantle and Dr G. Mellows. 


Candidates should have research 
‘experience in Microbial Biochemistry. 
Experience in the culture of Fila- 
mentous Fungi and in Biosynthetic 
Techniques would be an advantage. 

The appointment is tenable for two 
years, commencing October 1, 1974. 
Salary range £2,118 to £2,247 pa. 
plus £162 London Allowance (under 
review) {with F.S.S.U_), 


Applications, including curriculum 
Vitae and the names of two referees 
should be sent as soon as possible 
to either Dr P. G. Mantle or Dr G. 
Mellows, Department of Biochemistry, 
Imperial College, London SW7 2AZ. 
(337) 






















POSTDOCTORAL BIOCHEMIST 


required with experience in enzymology to investi- 
gate certain aspects of immunology in dermatology 
in the dermatology laboratories at St Helier Hos- 
pital. The post is for a period of three years 
in the first instance on a Senior Biochemist grade. 
Subject to Whitley Council conditions of service. 
Salary £2,964 to £3,843 plus London Weighting, 
depending on experience. Other staff in the labo- 
ratory include a graduate research worker and a 
research registrar, 

Further information may be obtained from Dr ane 
L, Rhodes. St Helier Hospital, Carshalton. Surrey 
i date for receipt of applications September 
P (338) 


CSIRO 
AUSTRALIA 


SEARCH SCIENTIST 


DIVISION OF PLANT INDUSTRY 
CANBERRA A.C.T. 
FIELD: =~ 















GENERAL: The Organisation's Division of Plant Industry, with Headquarters 


situated in Canberra, A.C.T., has a staff of 120 scientists, conducting pure 
and applied research in genetics, plant breeding, biochemistry, physiology, 
microbiology, mineral nutrition, ecology, crop adaptation and plant introduc- 


tion. It is well equipped with instruments for the characterisation of... 


macromolecules. 

The Genetics Group consists of 13 Research Scientists. The work in progress 
includes the study of chromosome structure and replication, the evolution 
of enzymes and the genetic mapping of enzyme structure, molecular 
mechanisms of mutation and adaptation and the genetics of regulatory 
processes, ge 


DUTIES: To participate in a research programme concerned with studies of 
the molecular structure and function of eukaryote chromosomes. 


QUALIFICATIONS: Applicants should have a Ph.D. degree in an appropriate 
field or postgraduate research experience of equivalent standard or duration 
supported by satisfactory evidence of research ability. 


SALARY: The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist: $A9.698 to $A14,706 pa. In addition 
to salary, a reasonable rental subsidy on furnished accommodation may be 
paid to a married male appointee. 


TENURE: The duration of the appointment will be for a fixed term of either 
two or three years, after which, if mutually desired, either an extension of 


tenure or appointment for an indefinite period will be considered. An 


indefinite appointment carries Australian Government Superannuation benefit, 


Applications stating full personal and professional details, the names of at 


least two professional referees, and quoting Reference Number 130/1270 
should reach: 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON WC2B 6BD 
by August 9, 1974. 


Applications in U.S.A. and Canada should be sent to: 

The Counsellor (Scientific), | 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 

WASHINGTON, D.C. 20036, U.S.A. | (351) 


UNIVERSITY OF MELBOURNE 
LECTURESHIP (LIMITED TENURE) 
m the 
DEPARTMENT OF MATHEMATICS 


Applications are invited for this position, which 
is for a Limited: Tenure period of 3 years. The 
starting date is January F, 1975, or as soon as 
possible thereafter. Preference will be given to 
applicants whose field of interest is analysis, 
algebra, topology or some other branch of pure 
mathematics. 

Salary: AS$S9.002 to A$I2,352 per annum. Initial 
salary will be in the range depending on qualifica- 
tions and experience. 

Further. information, including conditions of 
appointment, is available from The Registrar. AN 
correspondence should be addressed to. The Regis- 
trar. referring to Position No. 618033. University 
of Melbourne. Parkville. Victoria, 3052, Australia. 
Applications close on August 23, 1974, {347} 


PUBLIC HEALTH LABORATORY 


SERVICE 
LEEDS REGIONAL LABORATORY 
Vacancies for 


SCIENCE GRADUATES 


Applications are invited from science graduates 
with Class For H honours degrees in microbiology, 


* ae 

One post is in general microbiology including 
reference, hospital and public health work and one 
is particularly in the microbiology of food. milk, 
water and the environment. g 


Initial appointment will be to the Senior or 
Basic Grade. depending on qualifications and ex: 
perience. N.H.S. terms and conditions of service. 

Applications, including the names of two referees 
to the Director, Leeds Regional Public Health 
Laboratory, Bridle Path. York Road, Leeds LSS 
FTR, by August 15, 1974, o (GpH 
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SOUTH AFRICAN SUGAR ASSOCIATION ROYAL MARSDEN HOSPITAL 
EXPERIMENT STATION | | SUTTON, SURREY 


MOUNT EDGECOMBE, NATAL Pharmaceutical 
REPUBLIC OF SOUTH AFRICA She eS 
Scientist 


HIEI RE S E E Graduate scientist, required for 
à i responsible position in radioisotope 


section of Physics Department. Ex- 
O F F i C ER perience with radioactive materials or 
qualification in pharmacy essential. 


Duties involve all aspects of prepara- 


The Experiment Station of the South African Sugar Association at tion, dispensing and testing of radio- 
Mount Edgecombe, Natal, requires the services of a Chief Research pharmaceuticals used mainly by a 
Officer. The successful applicant will be responsible to the Director large Nuclear Medicine Department. 


for the operations of the following departments: Agricultural Engin- 
eering; Agronomy; Biometry; Chemistry and Soils; Entomology and 
Nematology; and Land and Water Management. His duties will include 


Participation in development of new 
radiopharmaceuticals and techniques 


the preparation and supervision of annual programmes of work, the will also be expected. Salary and 
administration of a specialist advisory service to all sugarcane growers grading will depend on qualifications 
and the motivation and co-ordination. of special research projects. and experience but is expected to be 
Applicants should preferably hold a Ph.D. or an equivalent degree in in range approximately £2,000 to 


science or agriculture. Extensive experience in research will be an 


: se £3,000 per annum. 
essential pre-requisite. 


Application forms and further in- 


This appointment holds good prospects for an outstanding scientist formation can be obtained from The 
with organizing ability. It will also include opportunities for overseas Administrator, Royal Marsden Hos- 
travel when visits to other institutes are warranted, 


Salar eer pital, Downs Road, Sutton, Surrey. 
alary will be commensurate with qualifications, experience and (01-642 6011 Ext. 201). (339) 


the senior grading of the appointment. 
ee eee re ene mn 


Application forms, a list of benefits (which include a 10°, annual 





bonus) and conditions of service are obtainable from: | INSTITUTE OF NEUROLOGY 
i sociati requires TECHNICIAN to assist in Muscular Dys- 
aed Africa steak Associaton; trophy Dept. in biochemical studies of muscle. 
Fountain House, Qualifications: H.N.C. Dae ee ree 
Salary: University scale from £1. to £4,845 plus 
125-135 Fenchurch Street, £126 L.A. Applications in writing giving qualifi- 
London, cations, experience and names of two referees tox 
Dr R. Yasin, Muscular Dystrophy Research Labo- 
England EC3M SEH. rutories, National Hospital, Queen Square, London 

WCIN SBG., (333 
Completed forms, together with curriculum vitae, should be air- rs 
mailed directly to: UNIVERSITY OF OXFORD 
The Director, NUFFIELD INSTITUTE FOR 
S.A.S.A. Experiment Station, MEDICAL RESEARCH 
P.O. Mount Edgecombe, 4300, Applications are invited for a Graduate Research 
Natal, Assistant to participate in s programme of research 
; s (supported by the M.R.) into the regulalion of 
Republic of South Africa. glucagon and insulin release in foetal and newborn 
2 lambs. Applicants should have a PhD. or aun 
{ 332) pp 


honours degree in biochemistry and physiology with 

some postgraduate experience. Experience in radio- 

immunoassay techniques or fowtal studies is desir- 

able. The post would be for a period of two yeurs. 

Salary in the range £1.33 to £2,580 pa., Applica- 

a a s na Aer r A A AAAA A m a eetettttere tions, together with a curriculum vitac and the 

names of two referees should be sent to Dr J. M. 

Bassett, Nufficid Institute for Medical Research. 
Headley Way, Headingtun, Oxford OX3 YDS, 

(367) 


INSTITUTE OF ORTHOPAEDICS : 


(University of London) THE QUEEN’S UNIVERSITY 
OF BELFAST 





ROYAL NATIONAL ORTHOPAEDIC HOSPITAL : 
Brockley Hill, Stanmore, Middlesex HA7 4LP Research Assistant 


Applications are inpvited for the post of Apniicatians are mvited from yraduatys in 
botany, biochemistry or biology for an SRC 


+ e research assistantship in the Department of 
Lecturer in Cell Science Botany ho work B the teins his lips of 


envelope membranes of differentiating chloro- 


within the Professorial Research Unit of the Institute. plasts. The post is tenable initially for a 
period of one your, but it may be ronewed 
Applicants should preferably have a higher degree, some experience in for a further period of two years. 

electron microscopy and an interest in cell biology. This post, which 1s The salary scale is £1,239 to £1,818: initial 

renewable annually for the first three years, will carry a salary within the placing on this scale will depend on age and 
Lecturer scale £2,118 to £4,896 plus £213 London Allowance; F.SS.U. qualifications. 

superannuation. Placing on the scale will be according to qualifications and Further particulars may be obtained from 

experience. Further details may be obtained from. Dr M. W. Elves, the Personnel Officer, The Queen's University 

Professorial Research Unit, Stanmore. of Belfast, Belfast BT? INN, Northern Protand. 


(Please quote Ref. 74/™). 


Applications, giving names and addresses of 


Applications, together with names of three referees, should be received 
by the Secretary, Institute of ,Orthopaedics, 234 Great Portland Street 
| Whee `s , “> referees, should be received by August 
London WIN 6AD, not later than August 30, 1974. OEE ora eye ge ee 


! 23, 1974, 349) 
(365) re 








oneal cee tenon) 
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PARKINSON’S DISEASE SOCIETY 
OF THE U.K. LTD. 
RESEARCH FELLOWSHIP 


Aplications are invited for the appointment of a 
full-time RESEARCH FELLOW into — subjects 
related to the cause and treatment of parkinsonism, 
The work must be conducted at a recognised institu- 
tion and the tenure of support will be one year 
in the first instance renewable for a maximum of 
three years, Salary will be determined according 
to seniority and experience. Application forms 
are not issued but applicants are invited to write 
to The Executive Director, Parkinson's Disease 
Society, 81 Queens Road, London SW19 8NR 
giving curriculum vitae, proposed place of work, 
subject of research and tenure of grant and names 
of two or three referees. (356) 





CHAIRMAN 
UNIVERSITY OF CALIFORNIA 
SCHOOL OF MEDICINE 


Applications are invited for the position of 
Chairman, Department of Human Anatomy, Uni- 
versity of California School of Medicine, Davis. 

We are seeking applicants with an active interest 
in teaching and research. Successful applicant will 
assume leadership in the department's rdéle in an 
integrated medical school curriculum and in 
graduate training. Send resumé and references to 
Dr Edwin G. Krebs, Chairman of Search Com- 
mittee, Department of Biological Chemistry, 
School of Medicine, University of California, Davis, 
Ca, 95616. An affirmative Action-Equal Opportunity 
Employer. (387) 


THE UNIVERSITY OF ADELAIDE 
proposes to appoint one or more 
DEPUTY VICE-CHANCELLORS 


from the beginning of 1975. 

Persons with appropriate academic and/or admin- 
istrative qualifications and experience who may be 
interested in such an appointment are invited to 
write as soon as possible, in confidence, To the 
Vice-Chancellor, the University of Adelaide, G.P.O. 
Box 498, Adelaide S001, South Australia, from 
whom further information may be obtained, 


The Calendar of the University may be seen in 
the office of the Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London 
WCIH OPF, or in the library of any university 
that is a member of the Association. An outline 
description of the University may be found in the 
AC.U. Yearbook. which is similarly available. 

(358) 


UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF EXPERIMENTAL 
PATHOLOGY 


GRADUATE BIOCHEMIST 


required for MRC. supported project on 
Characterisation of urokinase. Two year appoint- 
ment from October 1, 1974. 


Salary according to age, qualification and ex- 
perience in the range enher for Research Assistants 
(if no previous experience) £990 to £1,404, or for 
Research Associates £1,758 to £2,404 plus F.S.S.U. 


Further particulars fram Dr P. Wolf, Department 
of Experimental Pathology (Rheumatism Research 
Wing), the Medical School, University of Birming- 
ham, Birmingham BIS 2TJ3, to whom applications 
(six copies) naming two referees should be sent 
by August 10, 1974, (363) 





UNIVERSITY COLLEGE GALWAY 
DEPARTMENT OF MICROBIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the post of post- 
graduate research assistant to participate mi a 
Euratom sponsored project on the effects of radia- 
tion on blue-green algae. Candidate should be 
qualified in Microbiology or Genetics or a related 
field. Full particulars from Dr J. A. Houghton, 
Department of Microbiology, University College, 
Galway, freland. (369) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF BIOCHEMISTRY 


A postdoctoral research assistant with experience 
of enzyme isolation is required to work under the 
direction of Dr J. Jeffery on the isolation amd 
study of certain dehydrogenases. Initial appointment 
for one vear at a salary of about £2,000 per 
annum, depending on experience. 


Further particulars from The Secretary, The 

University, Aberdeen, with whom applications (2 

copies) should be lodged by August 31, a i 
374) 





University of Amsterdam 


in the Chemistry Subfaculty a position is 
available for a 


(wetenschappelijk 
(hoofd) medewerker) 


within the group Separation Methods of 
the Department of Analytical Chemistry. 
This group works on chromatographic 
methods of separation, especially on 
advanced (high) pressure liquid. gee cae 
chromatography. re ee 
The applicant is expected after some time 
to make an active contribution tothe 
further development of this field of | 
chromatography and he (she) is expected ` 
to guide scientific research of doctoral = 
candidates and students and to partake 
in instruction. < ae 


Applications in writing within 3 weeks 
after publication are to be addressed 
under number 74-1 to E 

Prof. Dr. J. A. A. Ketelaar, chairman of 
the nomination committee, Laboratory 
for Electrochemistry, 

Nieuwe Achtergracht 166, 
Amsterdam-C., Netherlands. 








Information can be obtained from 

Dr. H. Poppe, of the Department of 
Analytical Chemistry, 

Nieuwe Achtergracht 166, Amsterdam. 
(Tel. (020) 522.3540). 





 FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 
SCHOOL OF MEDICINE 
LECTURERS, SENIOR DEMONSTRATORS AND DEMONSTRATORS 
IN CLINICAL BIOCHEMISTRY, HUMAN MORPHOLOGY 
AND HUMAN PHYSIOLOGY 






















Applications are invited for lectureships and demonstratorships in the new School of 
Medicine currently being established in Adelaide at the Flinders University of South 
Australia in each of the following fields: Clinical Biochemistry, Human Morphology and 
Human Physiology. 

The Schoo! of Medicine will form an integral part of the Flinders Medicaj Centre, a 710 
bed teaching hospital located on campus. The first medicali students began their course 
this year and will enter the Centre in February 1975. It is hoped that appointees will 
take up their positions by October 1974 in order to help plan the integrated curriculum. 

Suitably qualified appointees will have responsibility in the areas of teaching, research 
and clinical service. Lecturers with medical qualifications registrable in South Australia 
will receive a clinical loading, the amount depending on their qualifications and the degree 
of cHnical responsibility undertaken. Conditions of service include provision for trans- 
portation expenses, superannuation tenure, study and long service leave. 

Present salary scales are: Lecturer $A8.698 to $A11,982; Senior Demonstrator $A7,270 
to $A8,698; Demonstrator $45,332 to $A7,015. 

Further information may be obtained from the Association of Commonwealth Universities 
(Appts.), 36 Gordon Square, London WCiH OPF. g 

Applications should be lodged with the Registrar, The Flinders University of South 
Australia, Bedford Park, South Australia, 5042, by August 16, 1974. GT) 












PHYSIOLOGIST? 
BIOCHEMIST? 


.. lead a team with ICI 





IENCED 





ACOLOGIST? 
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ICI Pharmaceuticals Division seek an experienced Write, giving brief details of experience and 


Pharmacologist, Physiologist or Biochemist with qualifications, to: 


training or interest in gastroenterology to lead 
a biclogical team in a multi-disciplinary group 


M. F. Losse, Personnel Department, Imperial 


concerned with therapy for peptic ulcer disease. Chemical Industries Limited, Pharmaceuticals 


It is envisaged that the work will involve 
fundamental research into factors influencing 
gastric secretion mucosal ‘barrier’. 


This is a challenging opportunity to work in 
modern well-equipped laboratories situated in 
rural North Cheshire but within easy reach of 
Manchester and other important centres in 

the area. The area offers a good range of houses 
suitable for most price ranges. 


LEICESTERSHIRE AREA HEALTH AUTHORITY (T) 
| AREA MEDICAL PHYSICS DEPARTMENT 


Applications are invited from Graduates for three newly established posts 
in the Leicestershire Medical Physics Department, This department, which is 
undergoing considerable expansion, provides a service for the hospitals in 
the Leictester Area, 


PHYSICIST SENIOR OR BASIC GRADE 


Physicist is required with experience of Physiological Measurement. The 
successful applicant will be expected to become involved in various aspects 
of medical measurement. Within a developing medical school, these will 
initially include the measurement of blood flow and pressure, particularly 
in the limbs. Isotepe work will also be undertaken at a later stage. The 
successful candidate should be prepared to become involved in both develop- 
mental and routine aspects of this programme. 


ELECTRONIC ENGINEER or PHYSICIST 
SENIOR OR BASIC GRADE 


A vacancy exists for an experienced Physicist or Electronic Engineer to 
set up an Audiclogical testing section involving clinical work. 

This post will provide scope for developmental work in which the success- 
ful applicant will be encouraged to participate. Opportunities will occur for 
him to be engaged also in other aspects of Medical Physics at the Leicester 
Royal Infirmary. Applicants should have a good honours degree in electronic 
engineering or physics with a special interest in electronics and experience 
in this fleld would be desirable, though not essential. 


PHYSICIST BASIC GRADE 


Applications are invited for the post of basic grade physicist in the 
Leicestershire Area Medical Physics Department. The successful candidate 
will participate in all aspects of the work of the department including Nuclear 
Medicine, Radiotherapy, Electronics and Instrumentation. This post would be 
suitable for candidates graduating this summer. Candidates should possess a 
good honours degree in Physics/Electronic Engineerin. 

Further information from the Principal Physicist in Charge. 

Applications, etc. to the Secretary, The Leicester Royal Infirmary, 


infirmary Square, Leicester. LE] SWW., (326) 








Division, Mereside, Alderley Park, 
Nr. Macclesfield, Cheshire. 


Pharmaceuticals 
Division 


(378) 


CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 


Applications are invited from persons with some 
experience of electron microscopy or graduates 
considering entering this field for a new apponi- 
ment of technician in the Department of Histo- 
pathology of Charing Cross Hospital Medical 
School. Duties commencing September/October 
1974 will include the maintenance and operation 
of transmission and scanning electron microscopes. 
Some initial training will be given which the suc- 
cessful appheant will be encouraged to supplement 
by external study. Whiley Council terms and 
conditions of service. Apply to Dr J. G. Jackson, 
Department of Histopathology, Charing Cross 
Hospital Medical School, Brandenburgh House, 
Fulham Palace Road, London W6 9HH, (352) 





Guy’s Hospital Medical School 


Applications are invited for appointment of 


JUNIOR LECTURER /LECTURER 


in the Department of Microbiology. 

Preference will be given to can- 
didates with research experience in 
the general area of host-microbe 
interactions or virology. 

The Department’s interests include 
pathogenesis and immunology in 
herpes virus (CMV) infections and 
cell membrane changes in viral trans- 
formation. 

Further particulars are available 
from Professor Mims, Department of 
Microbiology. 

Salary in range £2,553 to £2,787 or 
£3,012 to £4,668 (both currently under 
revision) plus superannuation if 
medically qualified; otherwise £2,580 
to £3,285 or £3.285 to £4,896 plus 
£162 London Allowance and super- 


annuafion, 

Application forms obtainable from the 
Dean, Guy's Hospital Medical School, London 
Bridge SE1 ORT. Ciosing date August, 21, 
1974. (355) 
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UNIVERSITY OF STIRLING 
DEPARTMENT OF BIOLOGY 


Research Assistant 


Applications are invited for the above 
S.R.C. financed past to work ọn carbon 
metabolism of leaf epidermal tissus with 
particular reference to stomatal functioning. 
The appointment is for 3 years with a starting 
salary of £1,350. 


Applications, including the names of two 
referees, should be sent by August I9, 1974 
to Dr C., M. Wilmer, Department of Biology, 
University of Stirling, Stirling. (370) 





NEW ZEALAND 
UNIVERSITY OF CANTERBURY 
CHRISTCHURCH 


The Council of the University invites applications 
for the following vacancy: 


SENIOR LECTURER or 
LECTURER IN ASTRONOMY 


Applicants must have a strong interest in the 
fundamental physical processes of importance in 
Astronomy, so that they are capable of teaching 
not only in Astronomy but also in Physics courses. 


The salary for Lecturers is on a scale from 
N2ZS7 361 to NZ$9,339 per annum; for Senior 
Lecturers NZS$9,503 to NZSEL153 (bar) NZS11/484 
to NZS12,142 per annum. 


Particulars, including information on travel and 
removal allowances, study leave, housing and super- 
annuation may be obtained from the Association 
of Commonwealth Universities (Appts. 36 Gordon 
Square, London WCIH GPF. 


_ Applications clase on August 31, 1974, (374) 





UNIVERSITY OF EDINBURGH 


LECTURESHIP IN APPLIED 
GEOLOGY 
Applications are invited for the post of 
Lecturer in Applied Geology. Candidates 
poe be experienced in some aspect of 
~Appted Geology, for example, fossil fuels. 
Salary scale is £2.1748 tu £4,896 per annum. 
Superannuation under F.S.S.U. 


The successful candidate will be. expected 
to luke up the post on October I, 1974 ur 
as osoon thereafter as may be mutually 
convenient. 


Applications (six copies) should be sent to 
the Seeretuary to the University, University of 
Edinburgh, Old College, South Bridge, Edin- 
burgh EHS OYE. by August 31, 1974. Please 
quote reference number 1034. (372) 









UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GEOLOGY 

UN IVERSITY DEM ONSTRATOR 

/ IN OCEANOGRAPHY 

/ Applications are invited for the post of 

University, Demonstrator in Occunography. 

Candidates. preferably, should have experi 

uence im the field of Murine Chemistry. 
Salary scale is £E,848 to £2,538. Super- 

annuation under F.S.S.U. 









The successful candidate will be required to 
take up his or her post on October 1, {974 
of ods seam thereafter as may be nvutually 
convenient, @ 







Applications (three copies: should be sent 
to the Seeretury to the University. University 
cof Edimburgh, Old College. South Bridge, 
Edinburgh EHR 9YL by August Qf, 1974. 

7 Please quote reference number 7007. (373) 
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TECHNICIAN 


Technician required for work invoiving 
safety and anima! testing of human 
vaccines at a small unit based at Mill 
Hill, N.W.7. 


Duties consist of preparation of equipment 
and care of laboratories, clinical examina- 
tions. some post mortem work and pre- 
paration of pathological tissues. The 
successful candidate, whilst having prac- 
tical bias, would be involved in the research 
work carried out by the scientist. Relevant 
laboratory experience would be an ad- 
vantage. He or she should hold at least 
a relevant H.N.D. or H.N.C. 


Salary: On the Technician scale £1,566 to 
£2,418 per annum, depending upon experi- 
_ ence. (Salary award pending). 


be addressed to Robin Dunn, Personnel 
Officer, National Institute for Biological 
Standards and Control, Holly Hill, Hamp- 
stead, London NW3 6RB. Tel: 01-435 2232. 
Applications quoting reitrence ea n 


Hob 


National Institute for Biological Standards and Control 


Reckitt & Colman 


PHARMACEUTICAL DIVISION 


Psychopharmacological 


Research 


Applications are invited from graduates with 2 or 3 years ene 
in CNS research or from candidates completing a Ph.D. 
psychopharmacology. 


The successful candidate will be ey in the evaluation of the 
actions of psychotropic drugs on animal behaviour, particularly rodent 
operant behaviour, and in innovative experimental work. 


Reckitt and Colman operates internationally and its pharmaceutical 
interests are based at Hull where first class facilities are available. 
Over the next few years major investment is planned in an expansion 
of the Company's pharmaceutical research activities. 


Salary is negotiable according to experience and qualifications. 
Fringe benefits include annual bonus and relocation assistance. 


Please write quoting ref. U.85 and giving relevant details of 
experience and qualifications to: R. A. Sandow, Divisional Personnel 
Manager, Pharmaceutical Division, Reckitt & Colman, Dansom Lane, 
Hull HU8 7DS. 

(359) 































Food 
Research 


H. |. Heinz Company Limited require a 
Technical Assistant to work in their Food 
Research Department situated in the 
company’s modern headquarters at Hayes 
Park. 

The vacancy will probably be filled by an 
experienced person, aged 30-50, with a 
sound technical education to ONC/HNC 
level. 

Primary duties.will be concerned with the 
shelf life assessment of various products, 
and the observation of changes in the 
chemical/physical characteristics during 
storage. Previous experience in the food 
packaging industry is an obvious advantage. 
The person appointed to this post will enjoy 
excellent conditions of work, including a 
subsidised canteen, annual bonus, staff sales 
and good pension/free life assurance 
schemes. , 

Write in the first instance, giving brief 
details of career to date to: L Wason, HO 
Personnel Services, H. J. Heinz Co. Ltd., 
Hayes Park, Hayes, 
Middlesex UB4 SAL. 


Heinz 















(377) 


a 
Wellcome = 
Pharmacology Technicians 


We have opportunities for Senior and Junior Technicians in our 
Pharmacology Laboratory. Using modern instrumentation they 
will work with a team concerned with the discovery and 
evaluation of new drugs. Candidates should have a keen 
interest and preferably experience in biochemical or 
physiology/pharmacology work. 


Our laboratories are situated in pleasant parkland surroundings, 
about 12 miles from Charing Cross, within easy reach of 
Bromley and Beckenham. 

Please write quoting reference U.467 and giving brief details of 
qualifications and experience to the Personnel Officer, 


THE WELLCOME RESEARCH LABORATORIES, a$ 
Langley Court, _ aby 
Beckenham, 
Kent BR3 3BS. 

(375) 
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THE CITY UNIVERSITY 
Department of Chemistry 
Applications are invited for a 


TEMPORARY LECTURESHIP IN 
PHYSICAL CHEMISTRY 


The post will be tenable for up to 
two years from October 1, 1974 (or 
as soon as possible thereafter) and 
will involve both undergraduate 
teaching and supervision of research 
students in a group under the general 
direction of Professor C. F. Cullis. 
Candidates should preferably have an 
interest in some branch of chemical 
‘kinetics. The salary will be in the 
range £2,118 to £4,896 per annum 
plus £213 per annum London 
Allowance, 


For further particulars and applica- 
tion forms please write to the Deputy 
Academic Registrar, The City Uni- 
versity, St. John Street, London ECIV 
4PB, quoting reference 143/L/N. 
The closing date for applications is 
August 19, 1974. (AK 354) 





















ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


JUNIOR TECHNICIAN /TECHNICIAN 


required in Department of Clinical Cardiology. This 
post will involve dealing with patients and some 
research work. Qualifications GCE “O” level 
passes in English, Maths and two Science subjects / 
ONC. at equivalent. Salary according to qualiti- 
cations and experience, 

Applications to the Secretary, R.P.M.S.. Ham- 
mersmith Hospital, DuCane Road, London W12 
OHS, quoting ref. no. 2/354N. (380) 





SUNDERLAND POLYTECHNIC 
a. Lecturer E in Ecology 
b. Lecturer H in Geography 


Applications are invited for appoint- 
ment to the above posts as soon as 
possible. 

For post (a) applicants should have 
a good honours degree and preferably 
a higher degree with special interest 
in aspects of applied Ecology, The 
successful candidate will be required 
to contribute to a B.Sc. Environ- 
mental Studies degree beginning in 
September 1974, and to degree and 
H.N.D. Applied Biology. 

For post (b) applicants should have 
a good honouors degree, An interest 
in planning and other aspects of 
applied geography would be advan- 
tageous. The successful candidate will 
be required to contribute to a B.Sc. 
Environmental Studies degree begin- 
ning in September 1974, Teachers 
Certificate, B.Ed., and B.A, Social 
Sciences degree. 

Salary in accordance with Burnham 
Technical scale, viz:— 

Lecturer i: £1,800 to £3,045 (GSub- 
ject to confirmation); 

Lecturer IT: £2,700 to £3,474 (Sub- 
ject to confirmation). 

Application form and further par- 
ticulars may be obtained from: 
Personnel Officer, Sunderland Poly- 
technic, Chester Road, Sunderland 
SR1 38D, Co. Durham, 

Applications should be returned 
within 14 days of the appearance of 
this advertisement. 
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British Museum (Natural History) 


Biometrician 





1992 (24 hour answering service). 


Tropical Products Institute, Slough 


Crop Storage Engineers 
CR R & D and advisory work on structures and systems for handling 


and storage of cereal grains and other crops in developing countries 
E Assist in training of storage technologists from overseas E Over- 


seas assignments may be required. 


= Degree or equivalent in Agricultural or Civil Engineering |) Knowledge of 
agricultural crop production, storage systems and simple structural design 


work desirable 


Experience in tropical or sub-tropical countries an 


advantage ©] Age under 30 > Appointments as Scientific Officer (£1700- 
around £2800) or Higher Scientific Officer (over £2550- around £3500), 
according to age and experience ^) Ref: SA/27/]D. 


(3 Application forms (for return by 12 August 1974), from Miss C. A. Hall, 
‘Tropical Products Institute, 127 Clerkenwell Road, London EC1R sDB. 


Tropical Products Institute 
London 


Pulp and Paper 
Technologist 


@ Assess potential of fast-growing materials for paper pulp in 
developing countries gm Chemical analysis, chemical, semi-chemical 
and mechanical pulping trials, pulp evaluation and consideration of 


economics involved. 


J HNC or equivalent in relevant subject | Broad knowledge of paper- 
making an advantage ~ Age normally under 30 ~ Appointment as Higher 
Scientific Officer (around £2800-£3700) or Scientific Officer (£ 19Oo-{£ 3000) 


“= Ref: SA/25/JD. 


_ Application forms (for return by 9 August 1974) from Miss C. A. Hall, 
‘Tropical Products Institute, 127 Clerkenwell Road, London, EC1R sDB. 






Sc) SBSS 


CIVIL SERVICE 


(360) 





FELLOWSHIPS AND STUDENTSHIPS 





UNIVERSITY OF WARWICK 


POSTDOCTORAL FELLOWSHIP 
IN BIO-ORGANIC CHEMISTRY 


Applications are invited for Postdoctoral Fellow- 
ships to study funder the direction of Dr B. T. 
Golding) either reactions catalysed by coenzymes 
of vitamin Bye or hydrocarbon oxidases. The ap- 
. pointments are for one year in the first instance 
' (commencing as soon as possible} with the possi- 
bility of renewal. Salary will be in the range £2,178 
-to £2,492 pa. plus threshoid payment and partici- 
- pation in FLS.S U. Further details may be obtained 
- from: the Academic Registrar. University of 
> Warwick, Coventry CV4 7AL ta whom applications 





: should: be returned by September 1, 1974, Please 
~ quote Ref. No.: 49/Q/74. (292) 





versity, Birmingham f5. 


MEDICAL RESEARCH COUNCIL 
RESEARCH STUDENTSHIP 


Applications are invited from graduates with a 
first or upper second class honours degree in bio- 
chemistry or biology to study phospholipases in 
epidermal cells. The work is part of a programme 
of studies on the contribution of lipid components 
of subcellular and plasma membranes to the 
structure and function of the epidermis. 


The appointment will be for three years and the 


successful candidate will register for a higher 
degree, Applications with curriculum vitae and 


names of two referees should be made to Dr G. M. 
Gray, M.R.C. Unit on the Experimental Pathology 
of Skin, The Medical School, is ca Uni- 
(288) 














THE UNIVERSITY OF ASTON | 
IN BIRMINGHAM a 
DEPARTMENT OF PHARMACY 
RESEARCH STUDENTSHIP 


Applications are invited from candidates with: 
good degree in Chemistry (G.R.1.C), Pharmacy o 
Biochemistry fo work on the isolation and ideni. 
fication of biologically active compounds in.” 
selected coal-tar fractions. . eg 

The studentship. sponsored by the NCLB... af 
not less than £700 p.a. (under review) plus demote: 
Straling fees is tenable at the University of Aston, SERS 
The successful candidate will be registered for ghèeccicos 
Ph.D. degree. r PSE a 

Applications, together with the names of tw 
referees, should be sent as soon as possible to Dr 
A. Z. Britten, Department of Pharmacy, University 
of Aston, Gosta Green, Birmingham B4 JET. ` 

(286) 








UNIVERSITY OF SOUTHAMPTON 
POSTDOCTORAL FELLOWSHIPS 


Applications are invited for the following pasta oso) 
cammencing October 1, 1974. eee 


DEWAR DESIGN | year 


To evaluate use of plastics in portable containers 
for cryogenic liquids. f n 


LNG HEAT TRANSFER : 2 years 


To measure 2 phase condensing heat tan 
coefficients on large rig at AERE, Han 
LNG heat exchangers. ae 

Applicants should have experience in mecha 
chemical engineering or low temperature physi 

Salaries in range £2,160 to £2,400 (plus ESAE 

Appheations with names of two referees to 















Deputy Secretary, University of Southampto 
Southampton SO9 SNH. Please quote referen 
Na/254/R. 278Y 










UNIVERSITY OF DUNDEE | 
DEPARTMENT OF BIOLOGICAL - 
SCIENCES a 





Applications are invited from  suitabl 


qualified candidates for the post of 


POSTDOCTORAL RESEARCH 
FELLOW | 


to work on a project om the transport of: 
hydrogen ions in algal cells. pte Se 

The post is available for up to 3 year 
from October |. 1974 at a starting salary. 
of £2918 p.a, ne 

Applications, quoting Ref. Est/47/743> ati 
namimg 2 referees, should be sent by Ang: 
9 1974 to The Secretary, The Univer 
Dundee from whom further informatio 
available. 36 






















The Hatfield Polytechnic 
Biological Sciences 
SRC STUDENTSHIP 


Applications are invited for a studentship in one. 
of the fallowing areas: = 
Teratology of anti-cumour agents 
Neuronal uptake of catecholamines 
Physiology of vascular smooth muscle: 
Lipid metabolism in plant tissue cultures 
Adgal-biocide interactions 
Stored product acaralogy 






Leaf microfilm and disease incidence oe 
Applicants should possess a good honours degree 


and will 
degree. ARR 
Full details of the projects and application formg o one 
may be obtained from: Dr K. Wiken, Depatiment ooo. 
of Biological Sciences, P.O. Box 109: Hatfield oo O 
Hearts. ALIO SAB. : E ; “(98I : 


be expected tò register for a higher: 


UNIVERSITY OF ST ANDREWS 
S.R.C. Research Studentship 

The successful candidate will register for 
a Ph.D. and investigate the conditions neces- 
sary for in vitro breakdown and reassembly | 
of microtubule bundles isolated from the 
ciliate Nassula. Electrophoresis and dialysis 
on a micro-scale, and electron microcopy will 
be involved. Applicants, preferably graduates 
in biochemistry with an interest in cell bjo- 
logy and fine structure, should send a curri-- 
@ulum vitae with the names, addresses, and r Wee 
phone numbers of two referees to Dr J. Boop ooo 
Tucker, Department of Zoology, The Univer © 
sity, St Andrews, Fife KYIS STS, not later: 
than July 30, 1974, {280} 













UNIVERSITY 
COLLEGE OF 
Swansea 


Applications are invited for the following posts:— 


Research Fellow 
in the Department of Metallurgy and Materials Technology. Applicants 
should have a Ph.D. degree or equivalent experience and the successful 
candidate will be required to undertake a fundamental investigation into 
the elimination of heat treatment faults in general carbon systems in close 
collaboration with a local carbon manufacturing industry. 
The appointment, which will be for one year in the first instance, will 
be on a scale up to £2,247 per annum, together with F.S.S.U. benefits. 
The closing date is Friday, August 2, 1974. 


Technical Officer 


in the Department of Metallurgy and Materials Technology, to work on 
a joint research programme with the Welsh National School of Medicine 
sponsored by the M.R.C., to develop new materials and material systems 
designed for medical implant. The successful applicant will be responsible 
for the fabrication of prostheses and should have experience in experimen- 
tal work in materials technology, and will be required to collaborate closely 
with orthopaedic surgeons. 

The appontment which will be for three years, will be on a scale up 
to £2,115 per annum. 

The closing date is Monday, August 12, 1974. 





Department of Zoology 

Applications are invited for the vacancy of Research Assistant in the 
Department of Zoology. Applicants should be recent graduates with an 
interest in animal behaviour and/or endocrinology. 

The appointment, which will be for up to three years from October 1, 
1974, will be on the scale £1,425-£1,638 per annum. 

The closing date is Friday, August 2, 1974, 

Futher particulars and application forms may be obtained from the 
Registrar/Secretary, University College of Swansea, Singleton Park, Swan- 
sea, SA2 8PP, to whom they should be returned by the appropriate date. 

(2 
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THE POLYTECHNIC OF NORTH LONDON 


Faculty of Science and Technology 
Research Opportunities 


A number of studentships, assistantships and research awards are 
available. Their value, and conditions of tenure, vary ; further details 
will be sent on request. In most cases a first or second class 
honours degree (or equivalent qualification) is required, and the 
holder will be able to submitthe results of the work fora higher degree. 
The research projects are in the following fields: 

Biology: genetics, biochemistry. 

Chemistry: bio-inorganic, chemical analysis, heterocyclic com- 
pounds, natural products, reaction mechanisms and 
kinetics, fast reaction kinetics, nmr and mass 
spectroscopy, metal complexes, X-ray crystallo- 
graphy, waste utilization. 

Physics: spectroscopy, magnetic properties of thin films, 
cosmic ray physics. 

Polymer Science and Technology 


Please reply, giving full details of experience and qualifications, with 
subject and class of degree, names and addresses of two referees, 
dates when available for interview, and area of research proposed, 
to the Academic Secretary ef the Faculty Board: 

Dr. J. Charalambous, Chemistry Department 

The Polytechnic of North London 
Holloway Road, London N7 &8DB 
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Dunstaffnage Marine 
Research Laboratory 


Applications are invited for a three year 
studentship to work on the role of meio- 
fauna, particularly protozoa, in processes 
originating from the breakdown of cellulose 
fibre in marine sediments. The studentship 
carries with it a substantial equipment 
allowance, The successful applicant would be 
expected to read for a Ph.D. and would be 
required to satisfy University regulations for 
a higher degree. Application forms and 
further information can be obtained from 
the Director, Dunstaffnage Marine Research 
Laboratory, P.O. Box 3, Oban Argyll PA34 
4AD. (343) 















UNIVERSITY OF LEEDS 
DEPARTMENT OF EARTH 
SCIENCES 
Experimental studies at High Pressures and 
Yemperatures 
Applications are invited for the post of 
RESEARCH FELLOW to work in the solu- 
bility of water and carbon dioxide im silicate 
melts at high pressures (up to 10 kbars) and 
temperatures (up to {400°C} Applicants 
should have prior post-graduate experience 
and qualifications in high-pressure techniques 
or some related field. The post, funded from 
a NERC grant, is for up to three years, 
salary on the scale £1,929 to £2,388 (under 

review). 

Applications should be addressed to Pro- 
fessor P. G. Harris, Department of Earth 
Sciences, The University, Leeds LS2 9JT, 
from whom further particulars can be ob- 
tained. Closing date August 15. (314) 


E anneer E 
THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF MICROBIOLOGY 
Applications are invited for a S.R.C. POST- 
GRADUATE STUDENTSHIP leading to the 
degree of Ph.D, Several research topics available, 
details of which can be obtained from Professor 
J. R. Quayle. Department of Microbiology. the 
University, Sheffield SIO 2TN. Please quote ref 
R 109/G. {268} 


UNIVERSITY OF LEEDS 
DEPARTMENT OF PHYSIOLOGY 
M.R.C. Research Studentships 


Applications are invited for MRC. 
studentships in the Department of Physio- 
logy. University of Leeds, Applicants should 
have at feast an upper Second Class degree 
in Physiology or associated subjects, 

There is a wide range of research in the 
department which includes renal physiology. 
eentral nervous neurophysiology. clectrophy- 
siology of visceral receptors, several aspects 
of cardiovascular physiology. endocrinology 
and aspects of energy exchange and tem- 
perature regulation, 

Application forms and further information 
on specific topics available from Professer 
G. R. Hervey. Department of Physiology, 
The University. Leeds LS2 9JT. Closing date 
fer applications July 27. (315) 


THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 
DEPARTMENT OF PHARMACY 


RESEARCH FELLOW 


Applications ure invited for thy above 
post which will involve working m the De- 
parimenis’ Pharmacological Laboratories. 
The Fellow will be a member of a team, 
led by Professor C. B. Perry. working on the 
physiology and pharmacology of normal and 
disordered neuromuscular transmission. Ex- 
perience with clectraphysiological techniques 
i essential. 


Commencing salary will be within the 
range £E.929 to £2.223 per annum on a scale 
rising to £3.378 per annum. With effect fram 
October I. 1974 commencing salary will be 
within the range EZ JIES to £2,412 per annum 
on oa scale rihing to £3.636 per annum. 


Requssts for application forms (which 
should be returned not later than August 5}, 
should be sent, preferably on a postcard, 
quoting Ref. No. 982/6 to the Staff Officer, 
the Ulniversiiv of Aston in Birmingham, 
Gosta Green, Birmingham, B4 JET. © 


` (285) 
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NIVERSITY COLLEGE DUBLIN 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Postdoctoral Fel- 
‘jJowship in Organic Chemistry to investigate tauto- 
merism in heterocyclic acyl enamines. The study 
will involve straightforward synthesis and stopped 
flow kinetic measurements. The fellowship will be 
supported by the National Science Council of 
Ireland, The appointment will initially be for one 
year, from October 1, 1974, with a possible re- 
newal for one or two further years. 


Salary will commence at £2,100 per annum. 


a Applications, accompanied by a curriculum vitae, 
and the names of two referees, should be sent 
to: 


Dr R. A. More O’Ferrall 
Department of Chemistry 
University College 


Belfield, Dublin 4. (331) 





POSTDOCTORAL FELLOWSHIP 


Applications are invited for a postdoctoral fellow- 
ship for an investigation of the use of a cusped- 
Gaussian basis for the construction of molecular 
wave functions. Applicants should have a Ph.D. 
degree and experience in computational quantum 
chemistry or allied field. 


The appointment will be for two years from 
October 1, 1974. Salary: £2,118 to £2,247 with 
F.S.S.U. benefits. Application with the names of 
twa referees should be sent to Dr E. Steiner, De- 
partment of Chemistry, University of Exeter, 
Stocker Road, Exeter, EX4 4QD to reach him 
not later than August 16, 1974. Please quote ref. 
1/12/7077. (324) 





RESEARCH STUDENTSHIP 
IN NEUROPHARMACOLOGY 


University College London 


A M.R.C. studentship, leading to a higher de- 
grec, is available for a graduate with a 2:1 or Ist 
class degree in pharmacology or physiology and 
biochemistry or a related science to join a unit 
studying the release of neurotransmitters in the 
mammalian central nervous system. 


Applicants should send their c.v. and names and 
addresses of two referees by July 26, to Dr R. A. 
Webster, Dept. of Pharmacology, University Col- 
wer Street, London, WCILE 6BT. 






£329) 





UNIVERSITY OF 

_ NEWCASTLE UPON TYNE 
2 p DEPARTMENT OF NEUROLOGY 
0 RESEARCH STUDENTSHIP 

"IN EXPERIMENTAL ~ 
: NEUROPATHOLOGY 
Ch Applications are invited for twò Research Stu- 
deniships, tenable from October 1, 1974, to work 
on histological, ultrastructural and histochemical 
aspects of experimental myopathies. Facilities are 
also: available for collaborative work involving 
tissue culture and muscle physiology. Candidates 
should have a ist or 2nd class honours degree in 
a biological science and will be eligible for re- 
gistration for the degree of Ph.D. The award will 
beat the usual rate for Ph.D. students, Applica- 
Hons, including a full curriculum vitae and the 
names of two referees to: 
= Professor W. G. Bradley, 
“Muscular Dystrophy Research Laboratories, 
Newcastle General Hospital, 
Newcastle upon Tyne, NE4 6BE. (330) 























CHELSEA COLLEGE—UNIVERSITY 
OF LONDON 
DEPARTMENT OF PHARMACY 


RESEARCH STUDENTSHIP IN 
MEDICINAL CHEMISTRY 


One S.R.C. (C.A.S.E.) studentship is available 
for a research project involving a study of struc- 
ture/activity relationships in a series of bridgehead 
nitrogen compounds and the requirements of the 
analgesic receptor, to be carried out in co-opera- 
tion with Allen & Hanburys Ltd. The studentship 
is subject to normal S.R.C. conditions and 
appplications are invited from candidates with a 
good honours degree in Chemistry or Pharmacy. 


The successful applicant will be 
Tegister for a higher degree, 


Applications to: . 


Dr J. Walker, 

Pharmacy Department, 

Chelsea College, 

University of London, 

Manresa Road, Landon, SW3 6LX. 
(335) 


expected to 






















































ship. 


will be carried out at Heriot-Watt. 


UNIVERSITY OF SUSSEX 
Research Studentships 
in Biochemistry 


Applications are invited for: 

(1) An M.R.C. studentship to study 
either the control of protein syn- 
thesis in mammalian cells or some 
aspect of the growth control mech- 
anisms operative in cultured 
human lymphocytes. 

) An S.R.C. studentship for studies 
on the mechanism of hormone 


action, Investigations into protein 


hormone-membrane receptor in- 
teraction and adenylate cyclase 
involvement in hormonal control 
processes in the adrenal cell are 
contemplated. 
Applicants are expected to have a 
first or upper second class honours 
degree in Biochemistry or a related 
field, and should send a curriculum 
vitae and the names of two referees 
to Dr J. E. Kay (1) or Dr D. Schulster 
(2), School of Biological Sciences, 
University of Sussex, Brighton BNI 
9QG. (325) 





COLAISTE NA HOLLSCOILE 
GAILLIMH 
UNIVERSITY COLLEGE GALWAY) 


DEPARTMENT OF EXPERIMENTAL 
MEDICINE AND PRACTICAL 
PHARMACOLOGY 


RESEARCH STUDENTSHIPS 


Applications are invited from graduates in Bio- 


chemistry, Pharmacology, Physiology or related 
disciplines, who have a First or Upper Second 
class degree. for two research studentships under 


the direction of Professor B. E. Leonard, Students 
will be expected to register for a Ph.D. 


Research will be concerned with the development 
of animai models of psychotic depressions and 
schizophrenia and will involve the use of bio- 
chemical. pharmacological and behavioural tech- 
niques; it is expected that the study of chnical 
material will form part of the investigations. 


Stipendium will be equivalent to S.R.C./M.R.C. 
awards, plus small supplementary payments for 
departmental duties. 


Applications, containing details of academic per- 
formance and the names of two referees, should 
be addressed ta Professor B. E. Leonard, Professor 
of Pharmacology, University College, Galway, ire- 
land. Closing date--August 9, 1974, (348) 


UNIVERSITY OF STRATHCLYDE : 
DEPARTMENT OF PURE AND APPLIED CHEMISTRY | 


POSTDOCTORAL RESEARCH FELLOWSHIP 


Applications are invited from graduates in Physics, Chemistry, Chemical: 
Physics or other relevant disciplines for an S.R.C. Postdoctoral Fellow- 


The successful applicant will work on Energy Transfer Studies using the. 
tunable Spin Flip Raman Laser in collaboration with Drs R. T. Bailey and — 
F. R. Cruickshank, and the laser physics group headed by Professor - 
S. D. Smith at Heriot-Watt University. Most of the experimental work- 


The post will be for a period of one year in the first instance commencing — 
on September 1, 1974 or as soon ‘as possible thereafter, with possibility- 
of extension for one further year. Salary will be up to £2,058 per annum 
(under review) with placing according to age and experience and will attract. 
one further increment if the appointment is extended for a second year: 
Applications (quoting R25/74) should be sent to Dr. R. T. Bailey, Depart 
ment of Pure and Applied Chemistry, University of Strathclyde, Thomas 
Graham Building, 295 Cathedral Street, Glasgow G1 IXL. rae 









UNIVERSITY OF SOUTHAMPTO 
DEPARTMENT OF CHEMISTRY - 


POSTDOCTORAL FELLOWSH 
IN ELECTROCHEMISTRY 


Applications are invited fram suitably. q 
electruchemists, physical chemists, physical 
chemists or physicists for the two proget 
below. The newly developed techniques o 
lated specular reflectance spectroscopy wW 
and supplemented by conventional eleg 
methods, DAER ee 
G) An industrially sponsored fellowship t 

fundamental aspects of the mechanism 
cathodic hydredimerisation processes 
particular emphasis on the effects of 
structure of the electrode/solution int 
and the influence of surface active jon: 
The industrial importance of the wort 
be fostered by regular contact and. the 
cessful applicant will be expected. to 
to the United States. o --. 0 0 is 
For a suitably experienced. persanr 
pointment can be made al go 
with a salary up to £2,580 plus 
iii} An SRC. fellowship for the: ap 
modulated specular reflectance 
to studies in the area---adsarption í 
electrodes, the structure of the clectro 


wg 





tion interface. Starting salary will 
plus F.S.S.U, l $Y Vines 
Applications with a - curricull 


names of two referves. should. bc 
Dr A, Bewick. Department. of C 


University of Southampiom, ©0005. 
Southampton SO9 SNH 











UNIVERSITY OF OXFORD. 
Dyson Perrins Laboratory e 





Applications are invited from: suitably o pote 
qualified Organic Chemists for a Postdoctorakooboo 0: 
Research Assistantship ta work on the syne poo] 
thesis and characterisation of sequential polys--fooo & 
peptides. The appointment is available foro pocic 
the academic year 1974-5 at a salary accorde i Ponci 
ing to age and experience up to a maximum... poang 
of £2,247 with F.S.8.U. Previous experience ` 
in peptide chemistry would be advantages- 
but is not essential, Applications, giving cao: 
brief curriculum vitae etc., and naming two. 
referees, should be sent as soon as possible {o 
to: Dr J. H. Jones. The Dyson Perrins ef o -- 
Laboratory, South Parks Road, Oxford, ope oe, 
OX 3QY. (344). 


UNIVERSITY OF READING 


Recent Graduate required in Department. 
Zoology, to work for three years on a S.R 
C.A.S.E. Award Project on insecticide rese: 
leading to a Ph.D. degree. The project, which: 
be carried out together with LCA. Plant Proti 
tion, Jealotts Hill, is an investigation into: 
biochemical effects of a new insecticide upon insect... => 
cuticle. Apply to Professor Williams, Department” 
of Zoology, University of Reading, Whiteknights, 
Reading. (Ref: MN35). (366) 















ET 


COO Applications are imvited from suitably qualified 
capfaduates for a Science Research Council research 
Studentship. The successful candidate will work 
fer a: Higher degree on one of the following: 
group theory, graph theory, mathematical biology. 
fativity and cosmology, topology. 

oo Apply dt once to Prof. W. B. Bonnor (N), 





“Queen Elizabeth College, Campden Hill Road, 
“Londen Ws TAH, (334) 





KINGSTON POLYTECHNIC 
SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 


RESEARCH ASSISTANT 


Applications are invited for a postgraduate 
research assistantship to work on a project con- 
cerming synthesis and physico-chemical studies of 
Pyrimidines and related nitrogen heterocycles. 

. The assistant will work under the supervision of 
“Pr DP. T. Hurst, EREC., and will be expected 
to register for a higher degree. Salary range £1,427 
to £1,537 (under review). 
Further details and application forms Go be 
o. feted as soon as possible) fram Appointments 
. Officer, Kingston Polytechnic. Penrhyn Road, 
Kingston upon Thames KT! 2EE. 01-549 1366. 
{3638} 

















UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF PHARMACOLOGY 

Applications are invited for a Research Fellow- 
ship tenable in the Department of Pharmacology. 
The work wih be mainly concerned with the 
pharmacokinetics of Quaternary amines in man. 
Salary within the rangt £2,118 to £2,580 per annum 
and may be higher for a candidate with exceptuianal 
qualifications. 


Applications, giving details of age, academic 
qualifications and experience, tovether with the 


names of two referees should be received as soon 
as possible by the Registrar, The University, P.O. 
Box i147, Liverpool L69 3BX. Quote ref. RV/N/ 
276136. (364) 





UNTVERSITY OF 
BIRMINGHAM 


Appheations are invited for an S.R.C. 
C.A.S.E. Studentship for research into 
factors influencing the allergenicity of various 
protein preparations in baboons and other 
experimental animals. The work will be 
carried oul in collaboration with Unilever 
Research Laboratory, Colworth House. 
Applicants should have a first or an upper 
second class honours degree in a biological 
science preferably with some experience in 
immunology., The successful candidate will 

he expected to register for a Ph.D. 
Applications should be sent as soon as 
possible to Dr D. R. Stanworth, Dept of 
Experimental Pathology, The Medical School, 
Birmingham i$, {333} 








LECTURES AND COURSES 





KINGSTON 
POLYTECHNIC 


automation. 


2. ANALYSIS OF BIOMATERIALS 


This course includes a consideration of the structure, function and analysis 





Specialist one-year part-time courses leading to LRIC, 


1. ADVANCED ANALYTICAL CHEMISTRY 


This is a course in modern methods of analysis dealing with classical and 
instrumental methods of analysis in relation to a range of topics including 
environmental analysis, computing and analytical chemistry and laboratory 


of various types of biomaterials. The principles of analytical procedures are 
covered (e.g. chromatographic, spectroscopic, enzymic, microbiological and 
radiochemical methods) and the application of these methods to the 


analysis of biomaterials is considered. 


The courses start in September and are primarily offered to holders of 
HND/HNC in chemistry. They are also suitable as ‘refresher’ courses and 
applicants who do not hold the above qualifications will be considered on 
their merits. All candidates successfully completing the course will be 
awarded a Certificate of Supplementary Study (formerly known as an 
Endorsement Certificate) and subject to certain additional requirements, 
may qualify for admission as Licentiates of the Royal Institute of Chemistry. 


Further information from the Secretary, School of Chemical and Physical 
Sciences, Kingston Polytechnic, Penrhyn Road, Kingston upon Thames 


KTI 2EE. Tel: 01-549 1366, ext 312. 






MISCELLANEOUS 








SABBATICAL? 


Rent /exchange homes /apes, worldwide, 
1. 37.00) (US}/directory or free brochure. 


LOAN-A-HOME, 18 Darwood Place. Mt. 
Vernon, NY 10553, U.S.A. (273) 








(341) 





FOR SALE AND WANTED 


Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 


Tel: Folkestone 47421. {1} 








USED: COPIES “required of all or anyi Chemical 


Abstracts ird, 6th, 7th, Bih collective indexes and 
Beilstein Handbuch 2nd supplt. vv 6-27, Index yy. 
1-27 and general formula index. 

Librarian, 

Organon Laboratories Ltd., 

Crown House, 

Londan Road, 


Morden, Surrey. (340) 





GRANTS & SCHOLARSHIPS 





LARGE TELESCOPE USERS 
The Science Research Council invites applications 
to its Large Telescope Users’ Panel for observing 
time as follows: 
(a} on the 98-inch Isaac Newton 
Hersitmionecux during the three 
January to March inclusive: and 


Telescope at 
months 1975 


(by on the 20-inch and 40-inch reflectors at Suther- 
land during the three months 1975 April to 
June inclusive. 


In considering the allocation of time, the Pane! 
will especially support group applications, particu- 
larly where they result from calaboration betwee 
a university department and a Royal Observatory. 


Applications must be made in respect of proposed 
programmes that cannot be accomplished on tele- 
acopes of smaller aperture, and will be considered 
by the Panel af its autumn meeting. They should 
be submitted by August I on a form obtainable 
from the Secretary of the Panel, Mr ©. A. Murray, 


Roval Greenwich Observatory, Herstrmonceux 
Casth:, Hailsham, Sussex, (289) 


tetris Sencar rt ly HAY IAHR eh Rech Areir meee 


Nature Index 
1973 


The combined 1973 index to 


Nature, Nature New Biology 


and Nature Physical Science 
is now available. Price £1.25 (inc- 
luding postage). To obtain a copy 
please complete the coupon 


nature 


Department ASS, 

Macmillan Journals Limited, 
Brunel Road, 

Basingstoke, 

Hampshire RG21 2XS 





ve 


Please send-mé Nature Index 1973 

a Peak y Q if? Ps me, i 
l enclose ft. A ba, A 
(PaymeatDay be made in atiy ddffenây at the current 
exchange tate, Orders must begecegmpanied by remit- 
tance, Cheques should be madé payabig to Macmillan 
Journals’ Limited), - ee ane 

“ e ae 








HPAI RH eee er eereteP AP Dh OAR, HHA ERHEF EO Hae RENEE 


Post Code... elute cules deena de, 


Regvtered tic, Boek Lagiand Regisinced Cfice. 4 Lite Bases S Langue ACIR ELE 


eee etre Kae eH RAKE A SESE EAR EeRHERORERSHEHEKRASC HEA ERR HERE HE HERO 


SEC RE EMED ERE ES EKER TALE RE REE RE EATER REE EEE AOR EERE EADS 


5 i E E E E E E E E a ee ee ee a a a ay 








The 


Centre 
= for 
radiochemicals 


Sc me of the new 
belled steroids 


oo tap eon ine Radiochemical Centre 








.. [6,9(n)-°H] Oestetro! 
2 80-50Ci/mmo! TRK.455 
= [2,4.6,9(n)-3H] Oestriol 
 70-90Ci/mmol TRK.453 
[6,9{n)-°H] Oestriol-16«- (B-D-glucuronide) 
30-50Ci/mmol TRK 456 


[1,2,6,7 (n)-°H] Androst-4-ene-3,17-dione 





80-110Ci/mmol TRK.454 
Full details on request. 
= 
e¢ 
The Radiochemical Centre 
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Scientists don’t move 


DescrisinG the British scientific system as sean 
arthritic, Sir Hermann Bondi introduced a report last 
week on “Interchange of Scientists” (available free from 
the Civil Service Department) which is a cautious first 
step towards easing the joints. It is small comfort that if 
anything Italy and Germany are even more fixed in their 
ways. 

The report is necessary reading for anyone who 
worries that the British scientific scene is not so free- 
flowing and vigorous as its American counterpart, 
although most who feel that way (and clearly Sir 
Hermann’s Task Force did) must hope that there is more 
to come and that the group will stay together even just as 
a continual stimulus to the body scientific and arthritic. 

Mobility in the United States is much admired by 
those who live a trans-Atlantic existence, and with good 
cause. Scientists and engineers move regularly in pursuit 
either of greater job satisfaction or more dollars, and 
few would hazard a guess that they would be doing the 
same job in five years time. Movement into and out of 
the civil service, particularly to spend a time in Washing- 
ton administering a programme they understand well, is 
something which many excellent scientists do and which 
gets them much credit in the community. But then ‘the 
community’ in the United States much more naturally 
includes industry and the civil service as well as the 
universities. Further there is a much greater freedom, 
it seems, to pay competitive salaries and in particular not 
to expect a bright young man to wait until he is forty 
before he begins to profit financially by being a scientist. 
Thus the problem with stimulating mobility in Britain 
is ultimately not so much one of improving administrative 
arrangements and making the physical move less dis- 
agreeable as of changing ways of thinking. 

The central proposal of the task force (which the 
government has already promised to implement) is that 
within the civil service a small unit should be established 
to facilitate secondment between the civil service on the 
one hand and industry and universities on the other. Flow 
should be in both directions. The third side of the 
triangle--movement between industry and universities— 
could not be handled by the same unit, but there is an 
obvious need for an organisation to stimulate inter- 
changes there too. The ever-cautious scientist, scared of 
venturing into the unknown, will generally be urged out 
of his shell by the existence of a return ticket to his first 
employer after a period of. say, two to four years. 

Fhe apparent obstacles to mobility which the task 
force report make stunning reading. The difficulty of 
moving house, problems with pensions (the university 
scheme is a particularly difficult one from which to 
transfer), inadequate allowances for transfer—all testify 
‘to feeble-mindedness among scientists and a lack of social 
l siveness from employers. It is scarcely believable 
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that housing is sufficient of an obstacle that the task 
force has to recommend that “whenever possible, inte 
changes should be within the same geographical area | 
avoid moving house”. Clearly a spirit of boldness. in 
pushing back intellectual frontiers does not necessarily 
extend to much else. Not that employers are blameless- 
“to a large extent, those taking up permanent posts either : 
in the civil service, or elsewhere, are not paid removal cas 
expenses”. This medieval attitude must surely go. 
One of the problems with stimulating mobility is that a 
the potential mover must perceive other areas aso 
attractive. This most certainly is not true at present, o 
indeed the low regard that the three ‘wings’ of science 
often hold for each other must often dampen the 
enthusiasm of even the most willing mover. Furthermore ee 
the restraints on recruitment that the civil service has __ 
imposed on it ensured that in 1972, for instance, the —__ 
Principal Scientific Officer grade, which numbers 2,000, 
com prised only ten who had been recruited from outside 
the service during the year. And all the signs are 
mobility is on the decline. In 1958 half of all unive 
chemists had outside experience. Now less than a th 
do, and one department of 33 has nobody with exter 
































There is no simple solution to this deplorable situation 
The new unit will at least allow a few more temporar 
exchanges. But ultimately the whole question of the 
deployment of scientific manpower and the narrownes 
of institutional and individual attitudes needs penetratir 
examination. Maybe somewhere along that route the. 
of allowing scientists to keep a year of their educati 
in abeyance until their thirties would merit an airing. 
And it would be good to see more practising scientist 5 
in Whitehall. , 





100 years ago 


THE tenacity of life of popular errors is well exhibited in 
the following extract from the Californian Horticulturist e= 
“ The influence of forests in drawing moisture from the heavens 
may be seen from the experience of San Diego, California, 
Previous to 1863 there was yearly a rainy season, which made 
the soil nourishing and productive. In 1863 destructive fire 
swept over the greater part of the country, destroying the forest 
and blackening the hills. Since then there has been no rainy | 
season at San Diego” When will public writers learn that | 
forests influence the climate by drawing water, not from the air, Le 

but from the soil? ; 


From Nature, 10, 253, July 30, 1874. 
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AS a result of the Water Act, 1973, 
river Management, water supply and 
sewage disposal in Britain have now 
been integrated under the control of 
new regional water authorities. This is 
clearly a desirable move which will 
_ make planning and coordination easier 
within the regions. But of course there 
are still larger issues which must be 
settled on a national basis, at govern- 
ment level or by cooperation between 
regional authorities. To assist with 
these, a Central Water Planning Unit 
remains as a rump of the old Water 
Resources Board, under the auspices 
of the Department of the Environment 
(DoE), and a new Water Research 
Centre has been established by amalga- 
mating the Water Research Association 
laboratories, the Water Pollution Re- 
search Laboratory, most of the Tech- 
nology Division of the Water Resources 
Board and part of the Development 
Division of the Directorate General 
Water Engineering of the DoE. 

As far as the study of long term 
trends is concerned, the CWPU is con- 
cerned directly with forecasting de- 
mand, and not with predicting how 
the supply of water (as rainfall) might 
vary. But the experience of the past 
three years, which have been very dry 
by established standards in Britain, has 
encouraged an awareness of the ques- 
tion of climatic change, and some steps 
are being taken to look into this pro- 
blem. 

This new weather pattern is seen by 
climatologists as part of a global trend 
which is causing droughts in parts of 
Africa and has also been responsible 
for bad harvests in Canada and the 
USSR. For Britain, the implications are 
that longer dry spells will be broken by 
occasional very heavy storms. This has 
serious repercussions for the farmer, 
but from the point of view of the 
CWPU reservoirs can be filled up just 
as conveniently in one or two great 
cloudbursts as by weeks of standard 
British drizzle. 

The CWPU itself is situated on the 
banks of the River Thames at Reading, 
and members of the Unit (then part of 
the Water Resources Board) were 
treated to the sight of the river flood- 
ing its banks as recently as January 
1974: the same high rainfall which pro- 
duced that rise in the river helped to 
stock up the surface reservoirs. But the 
problems of replenishment of under- 
ground aquifers cannot be overcome so 
easily. Some 25 to 30% of the public 
water supply is derived from under- 
ground sources, and in periods of 
drought what precipitation there is 
tends to be absorbed in the surface 
layers of the ground, or runs ‘off as 
floodwater, without having much effect 
on the aquifers: 10% less rainfall over 
a year can result in as much as a 50% 
drop in aquifer recharge. 


Water services in Britain have re- 
cently been reorganised, with the 
Water Resources Board ceasing to 
exist on April 1, 1974. John 
Gribbin discusses future plans for 
water resources in the light of the 
last annual report of the Board and 
the growing awareness of the pos- 
sible importance of climatic change. 


This is where the possibility of longer 


term changes in rainfall becomes im- 


portant. 

The average rainfall of England and 
Wales has declined over the past five 
years; but is this a continuing trend, or 
is it likely to reverse in the immediate 
future? It is too early yet for panic 
measures on the strength of such evi- 
dence alone, although it is perhaps 
worth noting that Professor Hubert 
Lamb has commented that the first 50 
years of this century, which are ac- 
cepted as the climatic normal, were in 
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sources Board could, if it so wished, 
use any part of its research funds in 
support of climatic research. But now 
any proposal for extending the present 
investigation (or, indeed, starting any 
new project) must first go to the DoE 
before filtering back down through the 
CWPU or the Water Research Centre. 
A spokesman for the DoE confirmed 
recently that proposals for future re- 
search along these lines have been dis- 
cussed with Professor Lamb, who heads 
the Climatic Research Unit, and that 
“the proposals are now under con- 
sideration by the Department”. Mean- 
while, the planners have plenty on their 
plate in working out how to distribute 
the rainfall we do get, without worry- 
ing too much about what might happen 
to that rainfall in future. 

The way the CWPU would like to 
see things develop is towards what 
might loosely be termed a ‘national 
water grid’. This would involve transfers 
from region to region-—such as from 
the Severn to the Thames—-and extend- 
ing the present system of river regula- 
tion. Again, however, this depends on 
how things develop as the new regional 
authorities feel their way. There is 
nothing to stop a region opting for 


Table 1 Rainfall over England and Wales, for year ended September 30, 1973 
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Monthly rainfall 


Month (mm) 
1972 
October 32 
November 99 
December 104 
1973 
January 44 
February 40 
March : 24 
Winter 343 
April 67 
May 84 
June 63 
July 9] 
August 63 
September 86 
Summer 454 
Year 797 


1916-50 Percentage 

Standard average of 

(mm) average 
92 35 
95 104 
88 118 
9? 48 
66 6! 
57 42 
490 70 
60 112 
63 133 
55 ED 
79 115 
81 78 
76 113 
414 110 
904 88 
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fact ‘perhaps the most abnormal 
period for the past thousand years” 
in terms of the British climate. What 
is important is that the CWPU, at least, 
takes the possibility of chmatic change 
seriously. A spokesman said that they 
“would be very interested in seeing 
more work [of this kind] done, and 
are open to suggestions for programmes 
of research”. The old Board has pro- 
vided funds for research into the vari- 
ability of rainfall in the English low- 
lands at the Climatic Research Unit of 
the University of East Anglia, but the 
present situation with regard to the 
continued funding of such work is not 
yet clear. 

Under the situation which prevailed 
until April this year, the Water Re- 


independence in water supply, and 
dotting the local countryside with 
reservoirs rather than ‘importing’ water 
from neighbours, 

Indeed, the most nationalistic of the 
Welsh might press the case that England 
should be made to pay for ‘Welsh’ 
water-—although the CWPU has a stock 
answer to that: build a dam across 
the border and see what happens if the 
Welsh do try to keep all their water! 

In fact, of course, water from Wales 
is so important because of a coincidence 
of geography and climate. The water 
brought in from the Atlantic is dumped 
conveniently on the Welsh mountains, 
providing the possibility of storing it 
near the source of rivers and using it to 
regulate their flow. This makes schemes 
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to develop that potential still further 
more attractive than alternatives, such 
as barrages at the Wash or in More- 
combe bay; indeed, one plan now being 
studied would involve expansion of 
the Craig Goch reservoir to produce 
500 million gallons a day—more than 
twice the capacity of the Wash scheme 
in its latest form. 

The Craig Goch scheme is repre- 
sentative of the change in philosophy of 
the water planners from the days when 
direct supply from reservoirs to con- 
sumers was fashionable. Now, the aim 
is to use rivers wherever possible, 
meeting the demand for abstraction by 
regulating the flow using reservoirs at 
the head of the river. This also improves 
the health of the river, as well as 
making it possible to take out more 
water than from a comparable ‘wild’ 
river. 

Because of this philosophy of river 
regulation, the planners must now take 
increasing account of weather fore- 
casting on a day-to-day basis. If water 
is released from a reservoir during a 
dry spell to maintain the flow of a 
river, it could be embarrassing if heavy 
rainfall a couple of days later were to 
occur lower down the river just as the 
surge from the reservoir arrived. This 
has provided one of the closest direct 
links between the old Board and the 
Meteorological Office in recent years, 
when both have collaborated with 
Plessey Radar Ltd and the Dee and 
Clwyd River Authority on a radar 
weather forecasting project which has 
formed part of the River Dee Regula- 
tion Research Programme. 

Apart from the new outlook on 
surface water management—which de- 
pends very much on the cooperation of 
the new regional authorities—there are 
also plans to develop groundwater 
abstraction. In the tenth (and last) 
Annual Report of the Water Resources 
Board (HMSO, 79p) it is suggested that 
resources will be available to maintain 
the proportion of water derived from 
aquifer storage until the end of this 
century, even though total demand is 
expected to double by then. In the long 
term, there is the possibility of artificial 
recharge of aquifers from wells or by 
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Craig Goch reservoir 





“infiltration” through lagoons or basins; 
pilot projects carried out in the London 
Basin, in Nottinghamshire, Sussex and 
other parts of England and Wales have 
shown the feasibility of refilling some 
Strata with water and abstracting the 
water when required, and research into 
and development of such techniques 
must clearly have very high priority in 
the plans of the Water Research Centre 
and the CWPU., 

But one superficially attractive pro- 
posal for the future seems to have been 
ruled out for some time to come. 
Desalination has been widely mooted 
as a practical system of obtaining pure 
water in Britain, because of the exten- 
sive coastline. But studies suggest that it 
will be simply too expensive in the fore- 





Table 2.) Water Resources Board expenditure on research 





Financial Year Research 
£ 

1966-67 31,265 
1967—68 41,260 
1968-69 63.866 
1969-70 120.878 
1970-71 259,967 
1971-72 226,679 
1972-73 237,111 
1973-74 (estimated) 436.300 


Section 90* Total 
£ £ 

17.948 49,213 

41,553 82,813 
121,604 185,470 
107,998 228,876 
167,254 427,221 
194.027 420,706 
293,686 530.797 
347.700 784,000 


RR ĊM ūďqšIJJJbASJďSS acca 


° “Section 90” is the section of the 1963 Act which empowered the Water Resources Board 
to provide financial support for work and research carried out by the then river authorities. 


seeable future (the next 25 years), 
especially when the rising costs of fuel 
are taken into account. In addition, the 
environment lobby, which by and large 
seems to favour the idea of desalination, 
has not, perhaps, taken full account of 
the impact on the coastal environment 
of unsightly desalination plants. Just 
about the only economically viable use 
of these plants in Britain at present 
would be to top up the supply of coastal 
resorts in the summer, when their 
population rockets and demand is 
highest (indeed, desalination is used in 
just this way in the Channel Islands). 
But on the other hand, the authorities 
of areas which depend on the income 
obtained from visitors attracted by the 
natural beauties of the coast are the 
least likely to authorise construction of 
new industry. 

However the investigation of climatic 
change develops, the question of water 
supply is bound to occupy an increas- 
ingly important place in the thoughts 
of planners around the world as popu- 
lation increases. Desalination will 
obviously be important in some areas, if 
not in Britain. But the problems with 
desalination as a commercial propo- 
sition highlight the truth that although 
“two thirds of our planet is covered by 
water” we must think very carefully 
indeed about where we are going to get 
a drop to drink in the year 2001 a 
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international news 





AN appeal to the scientific community 
by a committee of the National 
Academy of Sciences to refrain from 
conducting two types of genetic mani- 
pulation experiments because of 
potential hazards to society (see Nature, 
July 19) has drawn a swift and positive 
response from the National Institutes of 
Health (NIH). In a letter sent last 
week to Academy President Philip 
Handler, NIH Director Robert S. Stone 
indicated that he will establish a com- 
mittee to define the possible hazards 
associated with such research and that 
NIH is willing to support an inter- 
national meeting of scientists to discuss 
the matter, 

The academy committee has urged 
that a moratorium should be placed 
on experiments which () involve 
the introduction into a bacterium of 
genes which either confer resistance to 
antibiotics or cause the formation of 
bacterial toxins and (II) those which 
involve the introduction of genes from 
viruses into bacteria. Furthermore, the 
committee suggested that experiments 
which introduce genes from animals 
into bacteria “should not be under- 
taken lightly”. 

The reason for concern is that the 
bacterium most commonly used for 
such studies is Escherichia coli, which 


NIH backing 
for NAS ban 


by Colin Norman, Washington 


usually present in the human intestine. 
But the committee is quick to 
point out that the concern is “based on 
judgments of potential rather than 
demonstrated risk”, and that the dan- 
ger is yet to be precisely defined. 

Each member of the committee, 
which was chaired by Dr Paul Berg of 
Stanford University, has agreed to 
eschew experiments of both sorts, And 
they have called on their colleagues 
throughout the world to join them in 
deferring such research until the 
hazards have been evaluated. 

When the committee’s statement 
was made public last week, Berg said 
that an international meeting is being 
planned for next February to “discuss 
whether there are in fact experiments 
that should or should not be done”. 
The meeting, which will probably be 
attended by about 100-150 scientists, 
will not only attempt to define what 
types of research should be included 
in the embargo but also for how long 
it should be maintained. 

Asked whether he expects that a 


What British scientists say .. . 


voluntary moratorium will be effective, 
Dr David Baltimore, a member of the 
committee, said that at present he 
knows of no laboratory which is plan- 
ning to undertake experiments of type 
T or lII, and that peer pressure on 
scientists now to eschew such studies 
will probably be sufficient to make the 
embargo stick. He pointed out, for 
example, that study groups at NIH— 
committees of scientists which provide 
initial peer review of grant applications 
—will be wary of approving funds for 
such studies and that the editorial 
boards of scientific journals will pro- 
bably think twice about publishing 
research papers derived from experi- 
ments covered by the embargo. “To 
me’, he said, “it is almost unthinkable 
that scientists would go out and do 
this type of work now”. 

The committee acknowledges. how- 
ever, that its recommendations “will 
entail pastponement or possible aban- 
donment of certain types of scientific- 
ally worthwhile experiments”. It there- 
fore remains to be seen how long the 
scientifc community will go along 
with this move toward self regulation, 
and much will depend on the outcome 
of the NIH committee’s deliberations 
and next February's international 
meeting. 


Molecular dirty tricks ban 

THE critics of molecular biology are 
fond of pointing out the scarcity of 
practical benefits. It is a sad paradox 
that the very developments which 
could ultimately have immense 
value for production of useful, but 
rare, molecules, should result in an 
urgent cry of ‘halt’ from a com- 
mittee of leading scientists involved, 
supported by no less than the United 
States National Academy of 
‘Sciences. The amplification of 
selected genes and their products by 
synthetic recombination with freely 
replicating DNA of bacterial plas- 
mids, could, for example, revolu- 
tionise the commercial production 
of substances like insulin, or pitui- 
tary hormones, while the bulk syn- 
thesis of a transforming gene protein 
from an oncogenic virus might allow 
the design of specific antagonists. As 
more genes are identified on cleav- 
age products of DNA from animal 


cells and viruses, so the potential for 
practical application will increase, to 
say nothing of the basic knowledge 
gained. 

Yet few will deny the wisdom of 
the appeal for a moratorium on 
certain classes of experiment until 
the implications are more clearly 
understood. It is not just the risk of 
unpredicted and explosive self repli- 
cation of some sinister DNA sequ- 
ences which causes concern, it is the 
possibility that by using Escherichia 
coli, the workhorse of molecular 
biology, the explosion might occur 
in someones gut and then be trans- 
mitted like antibiotic resistance, 
throughout the world. No doubt a 
good many dirty tricks have been 
attempted and discarded by nature 
in the course of evolution, but the 
disquiet arises from the utterly 
novel associations of genetic mate- 
rial which are now possible. The 
potential benefits should, therefore, 


be delayed, not for ever, but until 
consequences can be assessed, and 
preliminary experiments carried out 
under conditions of maximum 
secruity. 

Most of the technology involved 
in all this has been developed in the 
United States and it is encouraging 
that the very leaders in the field 
have taken the initiative and have 
been supported by the acadamy. It 
is now to be hoped that academics 
and learned societies in other coun- 
tries will add their weight, and that 
international organisations such as 
the European Molecular Biology 
Organisation will lend support. 
Granting agencies, and even editors 
of scientific journals, will also need 
to consider their policies in the face 
èf wide support for a moratorium. 
For many it will be a test of self 
denial and social responsibility in the 
face of strong intellectual temptation. 
Michael Stoker, ICRF 
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The indiscriminate use of antibiotics has exerted more pressure on 
the bacterial population than could be wielded by all research 


workers in the field put together. 


from E. $. Anderson, Colindale 

THE NAS statement on plasmid engi- 
neering evokes a mixed reaction from 
me. Whatever its justifiability, 1 wish it 
had been presented less pompously. We 
have been more aware since our first 
experiments in transferable resistance 
in 1964 that by introducing an R factor 
into a pathogen we reinforced this 
organism’s pathogenicity with resist- 
ance to drugs that might be effective 
against the respective disease. In parti- 
cular, when chloramphenicol resistance 
was introduced into the typhoid 
bacillus, we were manufacturing a 
virulent pathogen resistant to the drug 
of choice for typhoid fever. And we 
knew that if we presented such a strain 
with the opportunity of causing in- 
fection we would have been guilty of a 
grave antisocial offence. But R factors 
had become important in the entero- 
bacteria and they demanded study. We 
could not do such work effectively if 
we Shirked the step of introducing 
them into pathogens. So we trans- 
ferred them to pathogenic entero- 
bacteria, including Salmonella typhi, 
exercising our routine precautions for 
avoiding infection with the respective 
organisms, and for their safe storage. 
We have studied the typhoid bacillus 
and related organisms for many years, 
but no infections have resulted from 
our work, inside or outside the lab- 
oratory; So our protective measures 
must be reasonably efficient. Moreover. 
it is fair to say that these manipulations 
have contributed to the understanding 
of R factors and other plasmids, in- 
cluding the evolution of an easy method 
for establishing the plasmid nature of 
elements concerned with entero- 
bacterial drug resistance, virulence or 
other properties. 

The im vitro hybridisation of plas- 
mid DNA with DNAs of widely differ- 
ent, even eukaryotic, origin, adds a 
new dimension to plasmid studies. Once 
introduced into the bacterial cell, the 
hybrid plasmids resume the relation- 
ships of their bacterial moiety and 
multiply with the cell. The eukaryotic 
regions, however, retain their original 
coding capacity and initiate the synthe- 
sis of the corresponding products. 

What is the point of such experi- 
ments? First, they demonstrate that 
DNA-DNA hybridisation need not 
require extensive regions of base-pair 
homology. They therefore expose pro- 
cesses that may have important evolu- 
tionary significance or medical potential. 
Second, they may help to clarify thé 
modus operandi and the nature of the 
products of the “Xeno-DNA”, if one 
may coin such a term for the intro- 
duced foreign DNA. Normally, such 


studies are hampered by the relatively 
slow cell growth and much greater 
complexity of the respective animals or 


Alternative experiments? 


SECTIONS of genetic material from 
any source can now be attached to 
a bacterial plasmid or bacteriophage 
and so introduced into the bacterial 
cell where they replicate quickly and 
can be recovered in relatively large 
amounts. By-passing the normal bio- 
logical barriers between species in 
this way means that completely 
novel genetic combinations can be 
created and disseminated. 

But it is at present impossible to 
predict all the properties and eco- 
logical consequences of these new 
genetic arrangements. Not un- 
naturally this has led to widespread 
concern over possible biohazards 
from such research, which has re- 
sulted in the National Academy of 
Sciences appeal. Concern is en- 
hanced because the ubiquitous 
human enteric bacterium Esche- 
richia coli, has been used as the 
organism in experiments carried out 
so far. 

Anxieties arise on two main 
counts. (1) It is generally impossible 
to transpose selectively only those 
DNA fragments with known func- 
tions. Potentially harmful DNA 
fragments, such as those containing 
possible oncogenes, may unwittingly 
be transferred to a new host where 
their expression may not be pro- 
perly controlled. (2) The vehicles 
used (in the work published so far) 
to transfer foreign DNA fragments 
to E. coli were plasmids that carry 
genes determining resistance to anti- 
biotics. 

The NAS embargo covers two 
types of experiment (which have 
already been accomplished by some 
of the signatories of the statement), 
namely the transfer of genes deter- 
mining drug resistance between bac- 
terial strains or species that do not 
normally carry such resistance, and 
the fusion of animal virus genes to 
transmissible systems. 

The NAS request is both reason- 
able and responsible and deserves to 
be universally respected. It recog- 
nises both the difficulty in evaluat- 
ing real or potential hazards that 
may be involved in such work, as 
well as the obvious criticism that 
these will remain obscure in the 
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tissue cultures, In hybrid bacterial- 
animal plasmids, synthesis and repli- | 
cation are geared to the much higher ~ 
kinetics of bacterial growth, so that the 
respective DNA and its products can be a 
isolated in adequate quantities inoa oo 
short time, This might accelerate. the | een 
studies of these materials and could add 





absence of experimental study; : 
urgent consideration of the latter qs 
explicitly recommended. : 

Fears that the proposed. limita- | 
tions to experiments will seriously | : 
obstruct research in vital areas of | < 
biology seem unfounded. The NAS | 
initiative, by focussing attention on |. 
the hazards involved, could well [> 
promote rather than hinder work on | 5 
in vitro recombination in animal p = 
viral systems, an area believed | 
many to hold the key to gė 
therapy in its broadest terr 
Similarly, the constraints on expe 
ments with plasmids determinin: 
drug resistance need not preclude 
cautious use of the plasmids for 
cloning certain DNA fragments. |. 
Many experiements in this latter — 
area can also be undertaken with 
bacteriophage A which is a safer 
vector for in vitro recombination in- : 
that it has strict host specificity and |- 
carries no drug resistance deter- | 
minants; it has the great additional 
attribute of bringing a wealth of 
gentic and biochemical experience 
to the service of studies on the 
cloned fragment of DNA. Use of 
phage A does not, of course, elimi- 
nate hazards associated with the 
incorporation of unknown genes. 

In view of the anxieties expressed, | 
the wisdom of using a normal | 
human enteric bacterium as host 
organism in these experiments might 
be questioned. Certainly there is no 
reason to believe that one could not 
select quite different microbial and 
viral systems that do not inhabit 
man or mammals, but the hazards, 
real or potential, would apply 
equally well to other ecosystems 
and thus eventually raise the same 
problem. To do this, however, | 
would be to forsake the wealth of 
information and experience with 
E. coli and its viruses accumulated 
from decades of research. This 
would be prodigal to say the least. 

While welcoming the NAS initia- 


















tive, one is also appreciative of 
Anthony Tucker’s perspective in his 
comment “Life Stylists’ (The 


Guardian, July 19); equally, if we. 
follow the moderate tone set by the ` 
NAS we shall be careful not to |. 
oversell the social benefits devolving ~ 
from recent experiments. 

Ken Murray, Edinburgh 













substantially to the understanding of 
the respective systems. By hybridisation 
of oncogenic viral genomes with 
CoO bacterial viruses or plasmids, cancer 
© workers could perhaps selectively en- 
© rich the return of oncogenic material 
> for study. 
© The signatories of the NAS letter 
define two types of experiment on 
which they recommend a moratorium. 
-Type I comprises experiments in which 
plasmids coding for drug resistance or 
potential pathogenicity are introduced 
‘into pathogens or innocuous bacteria. 
The fear is of the risk to treatment if a 
‘newly resistant pathogen reached its 
host; or of the emergence of new 
pathogens that might become ecolo- 
gically important. In vitro construction 
of plasmids for new drug resistance 
= would also be suspended. 

Type II experiments in the NAS 
letter are those involving hybridisation 
of plasmid with eukaryotic, or onco- 

genic or other viral DNA. Such hybrid- 
isation might create hazards of an un- 
forseen nature, since the potential of 
the hybrid genome cannot be 
accurately predicted. Hybrid plasmids 
< may thus have oncogenic or other 
potential for man or other animals. 
And since the enterobacteria, most 
widely used for plasmid study, are 
ordinary inhabitants of the human or 
animal intestine, they may by accident 
cor design enter the intestine of a suit- 
‘able host, spread, and act as the vectors 
‘of cancer and related diseases, perhaps 
with augmented virulence or on an 
epidemic scale. 

A sense of proportion must be re- 
tained in considering these matters. The 
widespread and indiscriminate use of 



















antibacterial drugs in man and animals 
has exerted immeasurably more pres- 
sure on the bacterial population than 
could be wielded by all the research 
workers in this field put together. These 
drugs are used prodigiously in human 
and animal medicine, and as animal 
feed additives. The  long-predicted 
results, now realised, were the spread on 
a gigantic scale of transferable drug 
resistance plasmids in the ordinary 
intestinal bacteria such as Escherichia 
coli; and the emergence of epidemic 
drug-resistant and lethal lines of entero- 
bacterial pathogens: Shigella dysent- 
eriae 1 (Shiga’s bacillus) in Central 


America, the typhoid bacillus in 
Mexico, India, South Vietnam and 
Thailand, and S. typhimurium and 


other salmonellae with massive drug 
resistance and apparently increased 
virulence in many countries. This has 
been the direct consequence, not of 
plasmid work, but of commercial pres- 
sures and administrative and profes- 
sional irresponsibility. 

For these reasons I feel little inclina- 
tion to respond to the call for a 
moratorium on type I experiments in 
the NAS letter. 

Hybrid plasmids formed by the intro- 
duction of normal, and oncogenic and 
other viral DNA, may present a 
potential threat, but it is difficult to see 
how this could be evaluated. Experi- 
ments on animals that are the natural 
hosts of particular viruses spring to 
mind. But these may not reveal potent- 


jalities of the hybrids that might be 


expressed in different animals. Nat- 
urally, tissue culture would be used and 
the range of experimental animals 
would include primates, but if negative 
results are obtained in these, how and 
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when can we be sure that the chimaeric 
plasmids are innocuous to man or other 
animals? The risks cannot be quantified 
as can energy release from nuclear re- 
actions, because the processes are 
biological and complex, not physical 
and simple. And the techniques needed 
for reliable exposure of oncogenic 
potential may not yet have been de- 
vised. 

There is therefore a need for caution 
in the type II experiments. Bacterial 
vectors of hybrid plasmids can, how- 


ever, be adequately controlled by the 


ordinary sterile techniques of laborat- 
ories working with pathogens. This 
would call for technical re-education of 
the average microbial geneticist or 
molecular biologist, whose manipula- 
tion of bacteria chills the blood of 
anyone accustomed to handling patho- 
gens. Cultures should be stored 
securely: methods for doing this 
already exist. Such precautions, which 
should be routine, minimise the risk 
of accidental spread of dangerous 
pathogens, and no technical distinction 
should be made between known patho- 
gens and presumed non-pathogens. 

Strict isolation techniques must be 
practised if animal experiments with 
bacteria carrying plasmids in the type 
H category are carried out. 

The methods needed to maximise 
safety in such investigations are known, 
and plasmid researchers must learn 
them if work on these hybrid plasmids 


is to proceed. The only alternative is 


the abandonment of type II experi- 
ments, or at least a chosen proportion 
of them, which may mean the closure 
of potentially valuable avenues of 
research. There is a manifest need for 
expert international debate in this field. 





THERE is a particularly irritating tele- 
vision commercial in the United States 
which contains the classic line that “all 
aspirin is not alike’. Although that 
phrase was coined on Madison Avenue 
to make money rather than to make a 
scientific point, it is typical of the 
claims that are flying around in a 
bitter dispute between pharmaceutical 
manufacturers and the federal govern- 
ment over the quality and price of 
American drugs. 

The dispute is simple enough. The 
government, backed by consumer 
_ groups, argues that a particular drug 
‘should produce the same effects no 
Matter who manufactures it, and so 
government agencies should not throw 
os money away by buying an expensive 

brand-name drug when the same pro- 
duct is available at a lower price. 

But many drug manufacturers take 

a different view. They maintain “that 

products containing the same ingredi- 

ents but manufactured in different ways 

may produce different therapeutic 

effects. Therefore, they argue, if the 












Differences between 
the same drugs 


by Colin Norman, Washington 
government insists on buying the 
lowest priced drugs it may also be get- 
ting the lowest quality products. 

Last week, the Office of Technology 
Assessment (OTA), Congress's new 
scientific think tank, stepped into the 
debate. In its first report, prepared by 
a panel of ten eminent biomedical 
scientists, OTA provided at least 
partial backing for the arguments of 
the drug industry by stating that many 
drug products are not interchange- 
able, chiefly because shoddy manu- 
facture and poor enforcement of 
quality standards by the federal govern- 
ment do not guarantee therapeutic 
equivalence. 

The OTA panel. chaired by Dr 
Robert W. Berliner, Dean of the School 
of Medicine at Yale University and 
former Deputy Director of the National 
Institutes of Health, cited a number of 


“well-documented and significant 
differences? between drug products 
that are supposed to be chemically 
equivalent. The differences, in fact, 
were not confined to drugs made by 
different manufacturers, but also 
cropped up among different batches of 
drugs made by the same company. 
Perhaps the most clear-cut and 
alarming incidence of such disparities 
came to light during a study carried out 
at a New York City Hospital in 1971. 
which was singled out in the OTA 
report. That study turned up evidence 
that four different brands of a highly 
potent heart drug, digoxin, were so 
strikingly different in their effects that 
the peak concentration of the drug 
in the bloodstream differed by a factor 
of seven. Yet the margin of safety of 
digoxin is so narrow that lethal effects 


¿can occur if the dose given is only 


twice that needed to produce a thera- 
peutic effect. 

The OTA panel reckons that there 
is probably “roughly a score of drugs” 
for which there is evidence of dif- 
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ferences in so-called bioavailability 
among brands which are supposedly 
chemically equivalent. And it suggests 
that such differences have resulted in 
therapeutic failures or inadvertent 
poisonings when patients have been 
given doses containing too little or too 
much of the prescribed drug. 

The importance of the OTA’s 

findings is that they have a direct 
bearing on proposed new policies 
governing payment for drugs by the 
federal government. On December 19 
last year, the Secretary of Health, 
Education and Welfare, Caspar Wein- 
berger, sent a shiver of apprehension 
through the pharmaceutical industry 
by announcing that the federal govern- 
ment would limit the price paid for 
drugs under the state-run Medicaid and 
Medicare programmes to “the lowest 
cost at which the drug is generally 
available’, About $1,300 million is 
paid each year for prescription drugs 
under those programmes, and Wein- 
berger estimated that the new policy 
would save between 5 and 8% of the 
costs. 
But last week the Pharmaceutical 
Manufacturers’ Association (PMA), 
the trade association which represents 
nearly all the big United States drug 
makers, claimed that the OTA report 
“completely undercuts the ill-advised 
proposal” for drug purchasing, because 
it challenges the basic principle that 
chemically equivalent drugs are inter- 
changeable. 

Berliner pointed out last week, how- 
ever, that for most drug products bio- 
logical equivalence is not critical 
because there is a wide margin of 
safety between the dose needed for 
therapeutic effects and the toxic dose. 
He reckoned that only “about 10 to 
15%" of the drugs on the market may 
pose a problem because of therapeutic 
differences between brands. 


Science studies 
in Amsterdam 


hy a Correspondent 


At a time when the values of scientific 
activity are increasingly being ques- 
tioned, so social studies of science are 
being included’ as optional or com- 
pulsory courses in universities round 
the world. British experience in this 
field-—particularly that at the Univer- 
sities of Edinburgh, Manchester and 
Sussex-—has achieved considerable note 
during the past few years. So therefore 
it comes as no great surprise, even in 
these times of fluctuating interest in 
European collaboration, that the pro- 
gramme of teaching and research ir? 
science studies at Edinburgh will be 
the model for an unusual new unit at 


the Free University in. Amsterdam. 
Moreover, British and Dutch collabo- 





Confiscated 
manuscripts 


by Vera Rich 


THe scheduled date of the Moscow 
“seminar that never was”? has 
passed, and the would-be organisers 
and participants have been, at least 
temporarily, released from custody 
—yet the history of this valiant 
venture in academic freedom seems 
far from ‘complete. As might be 
expected, the attention of the autho- 
rities is still focused on Professor 
Aleksandr Voronel, whose Moscow 
apartment was to have been the 
venue of the seminar. On Friday 
July 19, 1974, his apartment was 
subjected to an 8-hour search by the 





ration is further strengthened by the 
appointment from August of a British 
historian of science and former palae- 
ontologist, Dr Martin J. S. Rudwick, 
from the Department of History and 
Philosophy of Science, Cambridge, as 
the unit’s first director and also as the 
first professor ‘of History and Social 
Studies of Science in the Netherlands. 

The Free University has long had a 
liberal attitude to the education of its 
science students. A course in general 
philosophy has been compulsory since 
the university's foundation in 1880 and 
history of science was added to the cur- 
riculum of all students in the late 1940s 
on the appointment of the noted his- 
torian of science, Dr R. Hooykaas, as 
professor. When Professor Hooykaas 
retired—about the time of the student 
unrest in the Netherlands at the end 
of the 1960s—it was decided that it 
would be expedient to widen still fur- 
ther the scope of the curriculum by 
introducing courses in science and 
society. For the past two years staff 
from the History and Social Studies 
of Science Division at the Science 
Policy Research Unit, convened by Dr 
R. M. MacLeod, have helped Dr E. 
Boeker, Professor of Physics in the 
Natural Sciences Laboratory, to pre- 
pare the ground for the new unit which 
will be the cornerstone of the Centrum 
Algemene Vorming (Centre for General 
Education) in the Faculty of Mathe- 
matics and Natural Sciences. 

All first and second year students in 
the five departments of the faculty 
must now attend 52 lectures a year on 
philosophy, and the history of “science 
and society’. Since 1972/73, teaching 
has been divided between the statf of 
the science and philosophy depart- 
ments and visiting scientists from in- 
dustry as well as guest lecturers from 


Sussex. The Sussex staff have also 
assisted with the seminars for the 
science and society ‘minor’ option 


a 
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police who confiscated some 2,000- 
papers, mostly scientific manu- 
scripts, including those submitted 
by intending participants in the in- 
ternational seminar. On the same 
day, the fourteen-year-old son of Dr. 
Benor Gurfel, another of the 
seminar sponsors, was stopped in the- 
street on his way to deliver: certain- 
manuscripts to Professor Vorone 
These were also confiscated. 
Professor Voronel and his w 
are under constant and obvious sur 
veillance, and are at present staying =} 
away from the apartment. This cons Jo | 
fiscation of manuscripts is seen by. 
informed observers as an ominous f 
sign — the intensive campaigns 
against major dissidents such as 
Solzhenitsyn began in precisely this 
way. a 











which graduate students can take dur- 
ing their fourth and fifth years. | 


his 


When Dr Rudwick assumes 
appointment in August, the unit will — 
then start acting as general co- ` 


ordinator of all the courses in general. 
studies, including those at present 
taught by the different departments— — 
the so called encyclopaedia. The. first’ 
PhD student in science studies at- the e 
Free University (a physicist who is cur- 
rently taking the MSc course at . 
Sussex) will register next year and it — 
is hoped that in time the unit will be 
able to carry out a regular programme 
of research. Dr Rudwick’s present in- 
terest is the social and conceptual-his- 
tory of science; to complement this, it- 
is expected that staff who specialise in 
the sociology of contemporary science ~ 
will eventually join him in the 
Centrum. mee « 


Although science studies and science | 
policy units are found in other univer- 
sities on the continent—for example, 
at Heidelberg and Lund—they are 
usually separate from the central ¢ 
of the science faculty. At the other ee 
five universities in the Netherlands, = 
some science and society courses are 
available, but these are not as widely 
based as that offered at the Free Uni- 
versity in Amsterdam. Chemistry- 
students seem to be the most privileged 
in this respect; at the State University 
of Groningen, for example, the 
chemistry department offers a major 
in ‘free chemistry’ with courses in 
chemistry, physics, economics and 
sociology. There has been some success 
in introducing discussions on ethical 
problems into biology courses, but i 
physics and mathematics departme 
there has been more resistance, thou 
in the department of physics at ‘the 
Technical University, Eindhoven, stu- 
dents can do a minor in physics and 
society, 




















Yo takers 
A WEALTHY businessman’s plans to give 
grants to young scientists for basic 
biological research ended in disenchant- 
ment on both sides at a meeting in 
London recently, when it transpired 
that he would not consider any 
applicant who held any sort of religious 
belief. 

Mr Ray Turner had hoped to set up 
a foundation to award grants to young 
biologists under 28 years old for 
“independent fundamental research into 
outstanding questions relating to the 
chemical organisation of life”. The 
grants were to be at a rate 20%, above 
the United Kingdom universities non- 
clinical academic scale with tenure for 
5 years initially and the opportunity for 
repeated extension; in effect allowing 
the possibility of a lifetime’s financial 
support. 

Thirty-six applicants who, under the 
terms of the application, had been 
nominated by senior researchers, 
assembled at the Strand Palace Hotel 
at Mr Turner’s expense for an informal 
meeting to present their research pro- 
posals for selection. 

As most of them expected some sort 
of scientific panel, they were surprised 
to find only Mr Turner, his wife and 
Professor Bellamy of the Zoology 
Department at University College 
Cardiff, the ‘scientific coordinator’ who 
had signed the original circulars invit- 
ing applications which were sent to 
university heads of departments in early 
June. 

Each applicant was asked for a brief 
resumé of his work and aims, and his 
ideas of “the single basic facet of the 
really great scientist”. Mr Turner then 
said that he wished to ask a question 
which might surprise some people but 
that the motive would be explained 
later. 

He then asked if anybody had 
religious beliefs. Four applicants put 
up their hands and their names were 
noted. The rest were than asked whether 
any of them held any belief in a 
“supernatural plan”. More put up their 
hands and their names were also noted. 
The remainder resolved, after lively 
discussion, into what Turner classed as 
agnostics and atheists. 

As it had become clear by now that 
selection was not going to be made on 
conventional scientific grounds, most 
of the participants thought that this 
might be some sort of ‘management 
selection technique’ but during lunch 
Mr Turner had a private discussion 
with one of the participants, Peter 
Leadley, who had put up his hand in 
the first group. Mr Turner told” him 
that although he was considered among 
the most promising of those present, 
he could not be considered for a grant 
on account of his religious beliefs. 


Now it’s legal 





Reactor in the Alps 


Ir was a symbolic occasion at Grenoble 
last week as the ministers from Great 
Britain, France and West Germany 
signed an agreement bringing Britain 
into equal partnership with the other 
two countries in supporting the high 
flux neutron beam facility at the Institut 
von Laue~Langevin. Symbolic, because 
the partnership has existed de facto 
since January 1973. And yet, such is 
European collaboration on other things 
that since then the three countries have 
been trying hard to find a convenient 
date for ministers to participate in a 
ceremony giving tangible evidence that 
in some fields an international spirit 
still prevails. 

The institute is hardly unfamiliar with 
symbolism; it exists in large part 
because France and Germany needed 
some collaborative scheme in the mid- 
1960’s to patch up relations-—indeed 
folklore goes so far as to say that 
Professor H. Maiter-Leibnitz was asked 
to propose a project, suggested a high 
flux reactor and so it was. Not that it ts 
in any way a white elephant. There was 
an urgent need for such a facility to 
further research in all fields from 
nuclear physics to biology, and it is 


While the scientists were still debating 
whether even this might be some sort 
of psychological selection test, Mr 
Turner announced that he could not 
consider any of the applicants who had 
expressed any belief in a religious or 
supernatural power. 

Mr Turner first said that he did not 
wish to give his reasons but during the 
three and a half hours discussion that 
ensued he eventually explained that he 
felt that if a scientist believed in any 
sort of supernatural power he would 
experience conflict in researching pro- 
blems which enquired into the funda- 
mental nature of life. He therefore 
thought that the very best scientists, 
the ones ‘he wished to encourage, could 
not be religious. 
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widely agreed that the institute is fulfill- 
ing its purpose admirably. 

The S7-MW reactor was built by 
French and German firms and first 
went critical in August 1971. It delivers 
a maximum flux of 1.8 10° neutrons 
cem’ s~ and, in addition to supplying 
thermal neutrons to up to 50 separate 
experiments, has a cold source---25 litres 
of liquid deuterium as a low tempera- 
ture (25 K) moderator-—-and a hot 
source--10 litres of graphite as a high 
temperature (2,000 K) moderator. 

The main use of the neutrons so far 
has been in the study of condensed 
matter. Neutron diffraction can deter- 
mine crystal structures, including the 
location of light atoms which are in- 
accessible to X-ray diffraction. Long 

vavelength neutrons are used to study 
defects and biological structures. The 
magnetic moment of the neutron is a 
valuable tool in understanding magnetic 
materials, and inelastic scattering is 
being used in studies of the dynamics 
of atoms and molecules. 

As would be expected the scientific 
staff is international in character, 
although the British, who have been 
pioneers in neutron techniques, face 
problems in uprooting themselves for a 
period of several years in that return to 
a Britain with a depressed job market 
in high-flying science is bound to cause 
worries. On the other hand British tech- 
nicians there speak with enthusiasm of 
their conditions and salary and some 
are prepared to stay indefinitely. 

The running costs of the reactor and 
institute are £6 million this year but 
Professor Mössbauer, the director, is 
seriously concerned about inflation. 
Commitments in the newly signed 
document are inadequate for inflation- 
ary times and it has not been possible 
to hammer out tripartite agreement on 
including inflation automatically into 
each country’s contribution. “As soon 


back to the sponsors to negotiate more 
money for next year”. 





money to 


At this point, Professor Bellamy who 
had taken little part in the proceedings 
so far, stated his opposition to the 
method of selection as did several of the 
36 scientists, some of whom then left. 
The rest, according to a participant 
who stayed, tried to make Mr Turner 
realise that his sort of criteria could 
not be used as a basis for selecting 
scientific work and that it would be un- 
acceptable to the scientific community 
at large. Mr Turner was asked whether 
he would consider handing over the 
scientific trustees to ad- 
minister, but he refused. 

Eventually it became obvious that 
deadlock had been reached and Mr 
Turner announced that he was with- 
drawing his offer. 


a 
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Nutrition 
and immunity 


As is demonstrated by the communication of Aschkenasy 
on page 325 of this issue of Nature, there is currently a 
broad focus of interest in the relations between nutrition 
and immunology. At first glance the association of these 
two disciplines may seem strange: their union grew from 
clinical and epidemiological experience in malnutrition and 
infectious diseases, experience that eventually led to the 
understanding that either of these conditions tended to 
augment the other. Many observations, such as that of an 
increased morbidity and mortality from measles among sub- 
optimally nourished children, suggested that nutritional 
deprivation tends to render persons more susceptible to 
certain disease, and suggested that some aspects of host 
resistance are functionally impaired. Meanwhile, laboratory 
workers were amassing evidence in support of the concept 
that nutritional manipulations could indeed affect the 
immune response. Much of the clinical and laboratory work 
concerning the nutrition-infection-immunity cycle was pub- 
lished in 1968 in a classic World Health Organisation mono- 
graph (Monograph Ser. W.H.O., No. 57). As it became 
generally acceptable that the immune response accounts for 
much of host resistance, it also became more reasonable to 
ask if malnutrition affects the immune response. Answers 
to this type of question required the collaboration of nutri- 
tionalists and immunologists, and forged a new direction for 
both sciences. 

Studies of nutritional-immunological relationships in man 
are difficult, for many reasons. In the first instance, prag- 
matists may assert, with some justification, that the answer 
to malnutrition is to provide more food. This is of course 
true, but until more food is provided the problem will exist, 
and famine and pestilence will continue. Another approach 
to the problem might be gained by asking what particular 
components of host resistance are affected by malnutrition, 
and by the subsequent use of modern immunology, nutri- 
tion or public health either to repair the lesion specifically 
or to circumvent the need for its function. Some persons 
have maintained that the problem is too complex to study 
because of the great number of uncontrollable variables. 
Logistics have been another impediment to the study of 
nutritional- -immunological interactions in man. Malnutri- 
tion often exists in areas where medical and research facili- 
ties are limited, where weather and terrain are difficult and 
where many other social and medical problems require 
priority. In spite of these difficulties, several national and 
international centres and institutions have begun to con- 
Struct a matrix of collaboration and communication with 
the purpose of defining and dissecting some of the effects of 
malnutrition on the immune response. 

For the most part, these studies have sprung from in- 
dividual efforts, but many of the investigators have elected 
to coordinate aspects of their studies through the World 
Health Organisation (Bull. Wid Hlth Org., 46, 537. 1972). 
The WHO has responded in its usual Mficient and effective 
way by formulating an international collaborative study 
ner. J. clin. Nutr., 27, 638: 1974), the fabric of which 
ved to strengthen collaboration between national and 
tional bodies, and to extend communications be- 






(ibid: 
































tween field and laboratory workers. More information. about 
this can be obtained by writing directly to the Worl 
Organisation in Geneva. | 

Although a great deal of work remains to be do 
from field and laboratory studies thus far do seem 
piecing together a preliminary but coherent picture o 
immune response in malnutrition. For example, amour 
serum immunoglobulin (Ig) do not seem to be affected co 
sistently by  protein-calorie malnutrition (PCM), b 
elevated levels, especially of IgA, are not unusu 
Pediat., 81, 1194; 1972). Increased values for Ig i 
have beer attributed to intercurrent infections (Are 
Childh., 45, 282: 1970). This seemingly increased 
of Ig needs to be es with data that convincing 
serum albumin (Lancet, i, 63; 1973) and most compos 
of the blood eee system to be depressed in 
i, 1016; 1973). Amounts of antibody in malno 
persons are also inconstantly affected, but in these cir 
stances the effect seems to be antigen-dependent: 
instance, vaccination against polio or measles prod 
measurable antibody (Archos lat.-am. Nut., 23, 345; 197 
but some viral and several bacterial antigens do not 
a high incidence of seroconversion (Trop. geogr. M 
125: 1966). These observations would seem to be. 3 
to ure vaccination programmes. Ries also St 


adi uvants, and the relaie Te or B-cell PS EE of I 
gens for human use. - 
Studies of cell-mediated immunity (CMI) in human. 
nutrition have suggested that the thymus-derived. 
ponents of the immunological system are damaged. Ind 
histopathological studies have reported a virtual absenc 
thymus tissue (Envir. Child Hlth, 217: September 
These morphological alterations seem to be mirrore 
tests of T-cell function: for instance, results of skin te: 
for delayed hypersensitivity reactions to many antigen 
ticularly to tuberculin following BGG vaccination (L 
ii, 719: 1965), have been reported to be signi 
depressed (ibid., i, 506; 1973). Insofar as positive tube 
reactions are thought to be associated with protection ollo 
ing BCG, the absence of such reactions is likely to | 
relevant to the incidence of tuberculosis among < sub- ae 
optimally nourished persons. Other measures of CMI have - 
also been reported to be depressed in malnutrition. The 
response of human peripheral blood lymphocytes to. phyto- a 
haemagglutinin im vitro is generally regarded as a m Co oe 
of T-cell function, and this reaction is reportedly suppressed —— 
in PCM (Lancet, ii, 939; 1971). Numbers of T cells can asooo 
be measured in vitro by allowing them to form rosettes with 
other cells, and results using this test have again suggested 
that malnourished persons have diminished numbers of T 
cells. The message of these several lines of evidence seems 
to point to a type of T-cell immunodeficiency in malnutri- —_ 
tion. If this is true, it does not, of course, alter the dictum: 
that the answer to the cycle of malnutrition and infecti 
is to provide more food, but it does suggest that pe 
the cycle can be  prophalactically or a 
approached from another bias. 
Several biochemical and cellular events important i 1 
nutrition—-Immunity—infection cycle have also been studiec a 
Biochemical studies of phagocytic cells from malnourished 
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persons have reported a depressed glycolytic pathway 
(Amer. J. clin. Nutr., 24, 272; 1971), and these defects are 
reversed when patients are given a diet rich in calories and 
proteins (Biochem. J. 127, 255; 1972). Functional studies of 
similar cells have reported a delay in the killing of phago- 
cytosed bacteria, and this defect is also reversed by adequate 
diet (Clin. Exp. Immunol., 17, 121; 1974). Another defect 
in the killing of phagocytosed bacteria is corrected simply 
by the addition of iron (Archs. Dis. Childh., 48, 863; 1973). 
If these various defects represent different mechanisms 
which are corrected by different types of dietary supple- 
mentation, it would seem to be wise to know more about 
the mechanisms involved. The bacterial-killing defect, 
which is presumably lysosomal, may be related to the 
immunodeficiency discussed earlier; for instance, one 
mechanism for activating macrophages to kill phagocytosed 
bacteria is by way of products from antigen-activated T 
cells. This type of basic information is being integrated into 
modern nutrition and public health programmes, the prac- 
tical effects of which are yet to be determined. 

A great deal of work remains to be done. Almost nothing 
is known about the effects of intrauterine malnutrition on 
the development of the immunological system, the long- 
term effects of early malnutrition on the immune response, 
or the effectiveness of vaccination programmes in mar- 
ginally nourished populations (Lancet, ii, 675; 1972). 
Answers to these questions would seem to be relevant to 
public health programmes in both developing and developed 
countries. Many of these questions can be addressed to 
animal models as has been done by Aschkenasy Ommu- 
nology, 24, 617; 1973) and many others. This brief com- 
ment has not covered experimental models because of their 
obvious importance. Neither immunologists nor nutri- 
tionists pretend to have an answer to the malnutrition— 
infection cycle, but their combined approach has broadened 
understanding of an area of human biology that concerns 
us all. W. PAGE FAULK 


Evolution of nucleotide- 
binding proteins 


One of the most fascinating questions about the formation 
of life and its immediate development is how the enzymes 
needed to sustain the basic life processes were derived. It 


seems reasonable that the relatively large number of 


enzymes required by even a primitive bacterium were 
derived from a much smaller number of basic, relatively 
non-specific enzymes—probably by gene duplication and 
subsequent divergence leading to a diversification of func- 
tion and a narrowing of specificity. On this basis it would 
be expected that the large number of present-day enzymes 
could be grouped into a much smaller number of families, 
each of which was derived from a common ancestor. But 
if the common ancestor is very remote, there may be 
insufficient indication from the amino acid sequence to 
establish relatedness. On the other hand, since it is known 
from the evolutionary studies of the globins, the serine 
proteases and the cytochromes that tertiary structures 
change very slowly, X-ray diffraction studies of protein 
structure seem to be the most promising method for identi- 
fying family relationships. During the past year or so X-ray 
structure determination of a number of intracellular 
metabolic enzymes have produced some exciting results 
that seem to provide the basis fos characterising an exten- 
sive family of nucleotide-binding enzymes. 

The structural relationship was first seen clearly when 
the structures of liver alcohol dehydrogenase (LADH) 
(Brandén, er al., Proc. natn. Acad. Sci, U.S.A., 70, 2439; 
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1973) and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) (Buehner et al., ibid., 3052) were compared with 
the homologous lactate and malate dehydrogenase (LDH 
and MDH) molecules. The polypeptide chains of all four 
dehydrogenases, composed of between 327 and 374 amino 
acid residues, are folded into two distinct units or domains. 
One of these domains is responsible for binding the com- 
mon NAD cofactor and the other domain carries the bind- 
ing site for the specific substrate of each enzyme and its 
catalytic site. In all four molecules the NAD-binding unit 
has a common fold that is characterised by a B-sheet core 
composed of six parallel strands (A-F), with a strand order 
CBADEF, and by a similar disposition of the mainly a- 
helical intrastrand loops above or below the sheet. The 
NAD cofactor is bound to the domain at an equivalent site 
in all four molecules. Earlier, Rao and Rossman (J. molec. 
Biol., 76, 241: 1973) had found that this domain seemed to 
be composed of two similar three-stranded units each 
associated with the binding of a mononucleotide, and they 
proposed that this unit was utilised to bind flavin mono- 
nucleotide in flavodoxin and to form the aromatic speci- 
ficity site in subtilisin, In sharp distinction to the similarity 
of the NAD-binding domain, the catalytic domains, except 
in the case of LDH and MDH, are structurally quite 
distinct. 

This pattern of relationship was subsequently observed 
in phosphoglycerate kinase (PGK) (Blake and Evans, J. 
molec. Biol, 84, 585; 1974: and Bryant, Watson and 
Wendell, Nature, 247, 14; 1974), where the suggestion that 
the ATP binding domain of PGK has the characteristic fold 
and binding site of the NAD binding domain has been 
confirmed by the latest results. As with the dehydrogenases 
the catalytic domain has a distinct structure. The nucleo- 
tide-binding domain corresponds to the N-terminal part of 
the chain in LDH, MDH and GAPDH and the C-terminal 
part of the chain in LADH and PGK. 

This pattern of structural relationships points strongly 
towards the evolution of the NAD-binding protein by gene 
duplication of the mononucleotide binding unit and its sub- 
sequent incorporation in the dehydrogenases, and probably 
in a modified form in the kinases, by a genetic fusion 
process involving protein fragments carrying the specific 
binding and catalytic properties of each particular enzyme. 
This hypothesis can only be established by amino acid 
sequence comparisons. Those comparisons of dehydrogenase 
sequences that have been made failed, however, to reveal 
this striking relationship, probably because the remoteness 
of the common ancestors makes it very difficult to align the 
sequences. 

Rossman, Moras and Olsen in fast week's issue of Nature 
(250, 194: 1974) reported that these problems could be 
overcome by using the structural and sequence data to- 
gether to trace the evolutionary history of the nucleotide- 
binding unit. By superposing the hydrogen bond arrange- 
ment in the B-sheet core, they have been able to determine 
homologous amino acids in the sequences of the various 
dehydrogenases, flavodoxin and subtilisin. After aligning the 
sequences in this way, the calculation of the minimum base 
change per codon was used as a Measure of the elapsed 
time since the occurrence of a common ancestor. The 
evolutionary tree produced in this way ts consistent with the 
divergent evolution of the nucleotide-binding unit of the 
dehydrogenases and flavodoxin from a common ancestral 
binding protein. This common ancestor seems to he exceed- 
ingly remote and Rossman and his colleagues suggest that 
it is older than 3.2 x 10° yr, indicating that it may have 
been present during precellular evolution. Though evolu- 
tionary relationships need many data to establish them with 
any certainty, this analysis seems to indicate a line of 
protein development that is as old as life itself, which may 
link together two of the largest groups of enzymes, the 
dehydrogenases and kinases. At the same time it shows that 
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gene fusion may be an important process in molecular 
evolution, particularly as it gives the resultant molecule a 
binuclear structure that is an almost universal feature of 
enzyme molecules. 

The structures of two other enzymes that may also be 
members of this family have been reported recently in 
Nature. In this week’s edition, Campbell, Watson and 
Hodgson (Nature, 250, 301; 1974) describe the structure 
of phosphoglycerate. mutase (PGM) determined by a 3.5A 
resolution electron density: map. The molecule is a tetramer 
of four identical subunits, whose polypeptide chains are 
about 220 residues long. The core of each subunit is formed 
by a 6-stranded £ sheet, in which four parallel strands are 
followed by an antiparallel pair, flanked by five of the six 
a helices in the subunit. Though the order of the £ strands 
is not the same as that in the nucleotide-binding unit, the 
linear order and spatial arrangement of the five flanking 
helices is remarkably similar to that of LDH, although 
PGM has no known nucleotide-binding capacity. The 
authors show how the strands in the £ sheet may have been 
rearranged if PGM has evolved from an ancestral protein 
with LDH folding, but at the same time point out that the 
general helix-sheet structure observed in these molecules 
may represent a particularly stable fold and imply, there- 
fore, that it could be the property of more than one enzyme 
family. 

The other enzyme, adenvlate kinase (AK) was the subject 
of three papers in Narure for July 12. In the first, Schulz, 
Elzinga, Marx and Schirma (Nature, 250, 120; 1974) re- 
ported the structure of AK obtained from a 3A resolution 
Fourier map. The enzyme’s single polypeptide chain has 
194 amino acid residues and it is folded into two domains, 





the larger of which has a five-stranded parallel B-sheet core’ 


with a BCADE strand order. Although X-ray analysis of 
substrate binding has not yet been carried out, the active 
site histidine is found near two hydrophobic pockets in a 
position equivalent to that of the adenine and nicotinamide 
binding sites in the NAD-binding unit, that may represent 
the AMP and ATP binding sites. In the second paper 
Schulz and Schirmer (Nature, 250, 142; 1974) report the use 
of a method for comparing AK with other potentially 
related molecules that is based on the topologies of their 


State of play in the neural 
hypothesis of muscular dystrophy 


THE most striking clinical and pathological change in the 
muscular dystrophies in man is the severe and progressive 
degeneration of the skeletal muscles in the absence of clini- 
cally or pathologically significant peripheral nerve 
abnormality. The motor nerve, however, is known to have 
a very marked effect on the function and metabolism of 
the skeletal muscle. The finding by McComas and Mrozek' 
that 27% of skeletal muscle fibres in mice with muscular 
dystrophy were denervated suggested that the motor nerve 
may have an even more important part to play in regenera- 
tion. Further studies showed a marked decrease in the 
number of motor units in the extensor digitorum brevis 
muscle in Duchenne and other human muscular dys- 
oR ane in marn UEa oe AS i a result 
hypothesis nat muscular E is caused by the “gick” 
motor neurone, the abnormal influence of which on the 
skeletal muscle fibre caused it to break Mown., 
This hypothesis received support from the experiment of 
yo in which muscle transplanted from dystrophic 
nto normal hosts regenerated with the physiological 
istics of normal muscle. Further support came from 









































polypeptide chain folds. They define a “figure of- topo- 
logical relatedness” as the triple product of the number. 
ways of ordering the strands in a- B sheet, the numbei of 
ways the connecting loops can be disposed i 

of the sheet and the number of possible- 
ing sites. The figure of relatedness at _ 





when AK is compared with flavodoxin or the > 
nur leotag: binding unit. 


P cannot be ud to distinguish co 
divergent evolutionary relationships. But aon 
mental problem in using topologies or defining 
U to relate molecules with somewhat difieren 


on AK, by Schulz and the “Who's S Who” of Saye 
prediction world (Nature, 250, 140; 1974). Using the 
probability of up to ten different prediction method: 
show that a helices, B-sheet strands and reverse 
be predicted from the amino acid sequence w 
high degree of success, for this particular molecule 
Although this is very promising, there is still a lon 
go before, for example, the strand order in a B shee 
be predicted. Until this can be done structural compariso 
must be treated with caution. Unlike its amino acid 
sequence, the tertiary structure of a protein reflects changes: 
in the genetic material in an essentially unknown way and 
is likely to undergo discontinuous changes, such as the- 
arrangement of the order of strands in a £ sheet, that h 
no intermediates. In these circumstances it would be u 
to use structural comparisons as more than indicate 
possible evolutionary relationships. Though such relatio 
ships can only be established by sequence comparisons th 
are best carried out in the light of the structural inform 
tion. It is by no means impossible that within this la 
group of apparently closely and more distantly related 
enzymes there are both homologous and analogous rel: 
ships, and it is vitally important to distinguish them 
path of molecular evolution is to be accurately trace 

C. C. F. BLAK 





Gallup and Dubowitz’ who found that dystrophic mouse 
spinal cord would not support the regeneration of muscle ae 
in tissue culture, whereas normal spinal cord supported full 
regeneration both of dystrophic and normal muscle.. oe 
Much of this original evidence in support of the neural me 
hypothesis has now been called into question. Harris and _ 
Marshall* have failed to confirm the finding of denervated —__ 
fibres in murine muscular dystrophy and have. suggested es 
that the original findings by McComas and Mrozek could . aS 
have resulted from hypoxia of the preparations leading to. 
artefactual presynaptic failure. Panayiotopoulos and col- 
leagues" and Ballantyne and Hansen” have both criti- 
cised the technique used for motor unit recording by Mc- 
Comas and colleagues, and by more refined techniques have 
found that the number of motor units in the extensor digi- 
torum brevis muscle of patients with various muscular dys- 
trophies is normal. Several groups of workers have obtained - 
results entirely contradietory to those reported by Gallup 
and Dubowitz'*"*. Preliminary results in my laboratory sug- 
gest that the contraction believed by Salafsky® to arise from 
the transplant may in fact have been transmitted from the 
host’s underlying normal muscles to which the transplant 
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is intimately fibrosed (unpublished work of A. Montgomery, 
W. G. Bradley and M. Jenkison). Abolition of the contrac- 
tion of these host muscles virtually abolishes the tension 
produced by the transplant. 

Despite the contradiction of many of the basic observa- 
tions leading to the neural hypothesis, experiments which 
bear on the nerve in muscular dystrophy are still being 
performed. In reviewing these it is important to remember 
that there are several different diseases both in man and 
in animals which have been classed under the title of the 
muscular dystrophies, and that the .aetiology of each may 
be different. Desmedt and Borenstein” found that motor 
nerves in patients with Duchenne muscular dystrophy are 
quite capable of sprouting to reinnervate denervated muscle 
fibres, and thus show no sign of being ‘sick’. The total 
number and structure of the anterior horn cells in human 
Duchenne” and murine muscular dystrophy” are normal. 
Focal peripheral nerve abnormalities are found in murine 
muscular dystrophy but not in Duchenne dystrophy or in 
dystrophic hamsters’*. The peripheral nerve abnormality in 
mice both of the ‘severe’ (dydy)* and ‘benign’ (dy%dy”) 
(my and M. Jenkinson’s unpublished work) forms of muscu- 
lar dystrophy consists of a decrease in the number of 
Schwann cells and apparent arrest of myelination at the foe- 
tal stage of axons in the anterior and posterior roots, and the 
proximal parts of certain peripheral nerves. Axons run 
through these areas to become myelinated distally. My group 
has found that this abnormality of Schwann cell investment 
and myelination is present in the lumbo-sacral and cervical 
anterior and posterior roots, disappears with normal mye- 
lination in the region of the dorsal root ganglia, but recurs 
several millimetres distally in patches in the upper part of 
the lumbo-sacral plexus. We have also found it in the facial 
and trigeminal nerves. 

These dystrophic mice also show an abnormality of 
axoplasmic flow in the peripheral nerves, with a decrease 
in the amount of slow flowing protein'® and of choline 
acetyl transferase”, and an increase in the amounts of 
faster flowing proteins, phospholipids and cholesterol? 7, 
with a probable decrease in the amounts of the fastest 
(‘superfast’) flowing proteins’. An abnormality of the peri- 
pheral nerve proteins probably derived from myelin has 
been reported in dystrophic mice”. 

Peterson’s technique“ of chimaera formation from 
normal and dystrophic mouse morulae is of considerable 
interest. He used isozymes to follow dystrophic and normal 
nuclei in the mouse which developed from these morulae. 
Some skeletal muscles had up to 94% of dystrophic nuclei, 
and many individual muscle fibres had only dystrophic 
nuclei. Despite this there was little or no pathological de- 
generation of these skeletal muscles. Conversely in some of 
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these mixed chimaeras, muscle containing no dystrophic 
nuclei sometimes showed pathological changes. The data 
suggest that in these mice the muscle degeneration is caused 
by some extramuscular abnormality. Peterson suggested that 
this might lie in the motor neurones, but it could equally 
be some abnormality conveyed in the blood stream. 

This study is very important, and it must be ex- 
tended to other enzyme markers, and to other animal 
models of muscular dystrophy. It is important to remember 
that the study does not necessarily apply to man and that the 
short history of the neutral hypothesis is scattered with ap- 
parently conclusive studies which fail to be confirmed by 
other workers. Thompson and colleagues have pointed out”? 
that the neural hypothesis will not explain what is known 
about female carriers of the gene for Duchenne muscular 
dystrophy. According to the Lyon hypothesis, half of the 
neurones of these carriers will contain a single active X 
chromosome carrying the dystrophic gene, and half the 
normal gene. The creatine kinase level in the blood of a 
carrier might therefore be expected to be half of the level 
in a male with Duchenne muscular dystrophy of the same 
age if the neurone caused the skeletal muscle breakdown. 
This prediction is not substantiated, the values of creatine 
kinase being much lower. 

The state of play may be summarised as follows. Much 
of the original basis of the neural theory has been contra- 
dicted, but neural abnormalities both of structure and func- 
tion have been found in murine muscular dystrophy. The 
muscle degeneration in the latter may be of extramuscular 
origin though the chimaera experiment needs further study. 
On the whole I consider that there is little incontrovertible 
direct evidence for the neural hypothesis and that it re- 
mains likely that a primary muscle degeneration occurs in 
many, if not all, of the muscular dystrophies. 

There are reasons to turn attention to membrane abnor- 
malities in the muscular dystrophies. There is some sugges- 
tion that the sarcolemma leaks creatine kinase at the earli- 
est stages of Duchenne muscular dystrophy, some months 
or years before muscle fibre necrosis begins”. Red cell 
membrane abnormalities have been seen with the scanning 
electron microscope both in murine” and human Duc- 
henne** muscular dystrophy, though preliminary studies in 
my laboratory have failed to confirm acanthocytosis in 
murine muscular dystrophy, nor demonstrate abnormalities 
of plasma lipoproteins. It would, however, clearly be inter- 
esting to study the other muscular dystrophies with the 
techniques which have enabled Roses, Appel and colleagues 
to identify biochemical abnormalities in the membranes of 
patients with dystrophia myotonica**” 


W. G. BRADLEY 
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‘Hot’ hydrogen 
initiates amino acid 
production 


from D. O. Hall 


IT is just 21 years since Miller reported 
his now classic experiments in a paper 
entitled “A Production of Amino Acids 
under Possible Primitive Earth Condi- 
tions”. This non-biological synthesis 
of amino acids by sparking for a week 
a gaseous mixture of methane, am- 
monia, hydrogen and water vapour 
initiated a new phase of research on 
the origin of life. Since then an impres- 
sive list of many different amino acids, 
sugars, aromatic hydrocarbons and 
nucleotides and nucleosides have been 
synthesised using various energy 
sources such as sparking, heat, ultra- 
violet (UV) light, a, 8 and y rays, and 
shock waves. These experiments are 
well described in Miller and Orgel’s 
recent book The Origins of Life on the 
Earth (Prentice-Hall, New Jersey; 
1974). 

The sulphur-containing amino acids 
which are so essential components of 
proteins have been conspicuous by their 
absence among the products of all 
these types of experiments. In 1971, 
however, Sagan and Khare (Science, 
173; 417) solved this problem by in- 
cluding H:S in a UV-irradiated gas 
mixture which included methane, am- 
monia, ethane and water; cysteine was 
produced as one of the six amino 
acids detected. The HS provided the 
source of sulphur and importantly also 
provided the means by which UV light 
at wavelengths below 266 nm could 
be absorbed as an energy source to 
catalyse the prebiotic synthesis of 
organic compounds. These authors 
calculated that about 200 kg of amino 
acids could have been produced by UV 
light absorbed by HS per square centi- 
metre on the primitive Earth in 10° 
years. This large amount of amino 
acids must have allowed a high con- 
centration to accumulate even allow- 
ing for considerable destruction by 
other processes. 

Hong, Hong and Becker (Science, 
184, 984: 1974) have now confirmed 
and extended this earlier work by show- 
ing that H:S or CH:SH (methyl mer- 
captan) can act as UV photon ab- 
sorbers and can initiate by releasing 
‘hot’ hydrogen atoms the production 
of up to nine amino acids, including 
the important cysteine. Whereas Sagan 
and Khare reported that a two-carbon 
substrate such as ethane is required to, 
produce amino acids, Hong et al. s 
experiments worked well with just the 
one-carbon methane. A simple mixture 
of H:S, NH;, CH, and H:O will pro- 
duce nine amino acids but interestingly 


cysteine may require a two-carbon sub- 
strate in order to be synthesised. These 
authors state that the amino acids 
produced were in the free form and 
were not breakdown products of poly- 
mers which would have formed as 
polypeptides—as was suggested by 
Sagan and Khare. These differences in 
experimental procedure and products 
may be important in future ‘prebiotic 
experiments’ where the aim is to syn- 
thesise polypeptides. 

The ‘hot’ hydrogen atoms pro- 
duced by the action of ultraviolet 
light on H:S or CH;SH have kinetic 
energies of about 17 to 32 kcal 
mol`’, which is sufficient to provide the 
activation energy for the synthesis of 
organic compounds in interstellar space 
or on the primitive Earth. That these 
types of syntheses may occur in inter- 
Stellar space has become a real pos- 
sibility with the recent discoveries us- 
ing radio astronomy, of compounds 
such as ammonia, hydrogen, hydrogen 
cyanide, acetaldehyde, methyl alcohol 
and hydrogen sulphide in interstellar 
clouds. In 1971 Buhl reviewed this 
rapidly developing field (Nature, 234, 
332; 1971) and concluded with this fine 
paragraph: “The important parallels 
appear to be between the formation of 
interstellar molecules and the synthesis 
of amino acids in prebiological 
chemistry experiments. It is here that 
the key to the evolution of interstellar 
molecular clouds lies”. 


Limited progress 
at GR7 


from P. C. W. Davies 


ALTHOUGH the location of the Seventh 
International Conference on Gravita- 
tion and General Relativity at Tel Aviv 
University from June 24-28, was some- 
what controversial—few Eastern Euro- 
pean countries were represented and 
some eminent Western relativists were 
also absent—nevertheless, there was a 
generous sprinkling of familiar names 
among the participants and the usual 
atmosphere of conviviality seemed un- 
impaired. 

On the theoretical side, only modest 
progress seems to have been made since 
the sixth conference in Copenhagen. 
Both S. Deser (Brandeis University) 
and J. Goldberg (Syracuse University) 
made discouraging remarks about quan- 
tum gravity, reinforcing the prevailing 
opinion that traditional covariant 
quantisation techniques are going round 
in circles, while only hinting at the 
possible direction of more radical 
approaches. At a less sophisticated 
level, the recent claim by Hawking that 
quantum field theory in a classical 
gravitational field predicts the disinte- 
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gration of microscopic black holes 
seemed to have been readily accepted in 
spite of the rather unusual nature of the 
result. (Hawking himself was not 
present.) The effect was discussed at 
some length by W. Press (California 
Institute of Technology) in a summary 
of astrophysical processes occurring 
near black holes. Helpful review talks 
on cosmology and exact solutions were 
delivered by R. Matzner (University. of 
Texas) and W. Kinnersley (University 
of Montana) respectively, and a spark- 
ling account of exotic mathematical 
developments connected with the BMS. 
group was given with much humour by 
E. Newman (University of Pittsburgh). 

The experimental results were rather 
more dramatic. M. Rees (University of 
Cambridge) gave a spirited and care- 
fully balanced review of the theoretical 


and observational aspects of the detec- 
concentrating- 
particularly on the situation regarding mA 


tion of black holes, 


the X-ray source Cygnus X-1. Having 


presented some evidence to suggest that i se 
this source has a mass of at least 6M@, © 


he commented that explanations of this 


object involving models of differentially — — 


rotating white dwarfs or three-body 
systems seemed “contrived and ad hoc”, 
and that in his opinion Cygnus X-1 was 
instead a “strong candidate” for a black 
hole. Characteristically, his optimism — 
was tempered by the remark that this. 
was “not a firm conclusion”, but that 
the balance of evidence did seem to 
favour the black hole explanation. If 
this was so, then there was a new oppor- 
tunity to test general relativity by 
examining the behaviour of -the 
accretion disk which would surround 
such an object and produce the X rays, 
possibly by relating this behaviour to 
curious fluctuations in intensity which 
have been observed from this source. 
By far the most controversial issue of 
the conference was left to the last day, 
with a panel discussion on gravitational 
wave detection. During the past few 
months the interpretation of J. Weber’s 
epic experimental data in terms of 
gravitational pulses from the galactic 
centre has been increasingly open to 
doubt. The subject reached a new peak 
of controversy with the presentation of 
results from other similar experiments 
being carried out in Munich/ Frascati, 
Glasgow and the Bell Telephone Lab- 
oratories /University of Rochester. First, 
Weber (University of Maryland) re- 
asserted his existing position in con- 
fident and ebullient style, claiming a 
further high event rate for the period 
May 21i-June 15, 1974 using improved 


equipment. He did admit, however, that _ 


the use of a new algorithm favoured by 
other groups led to a greatly diminished © 
event rate, but asserted that his original 
algorithm had a very much better de- 
tection efficiency. 

P. Kafka (Max Planck Institute, 















Munich) described the Munich/ Frascati 
data since August 1973, claiming a sub- 
stantial improvement on sensitivity over 
Weber, but with no significant events 
detected. R. Drever described data from 
his wide bandwidth detector in Glasgow 
during the period September 1972~April 
1973 with the same result—no effect. 
He described the situation as “sadden- 
ing” and went as far as to express the 
opinion that Weber was probably mis- 
taken. Finally, J. Tyson (Bell Tele- 
phone), claiming a sensitivity for the 
Bell Laboratories / Rochester experiment 
very much greater than other experi- 
ments, also reported no events. 

In view of the importance of the issue 
at stake, the atmosphere remained 
remarkably restrained. Weber countered 
the negative results of his colleagues by 
rejecting their claims of higher sensi- 
tivity. When challenged on the all- 
important issues of the  sidereal 
anisotropy (which seems to indicate a 
correlation of his events with the centre 
of the galaxy), Weber seemed to be 
saying that he had not yet checked 
recent data for this effect because of 
other pressures. The overall impression 
was that the issues involved hinge on 
complicated technical details, but that 
Weber’s position among the experi- 
mentalists is now growing increasingly 
isolated as more and more experiments 
fail to confirm his data. 


Stranded whales 

s al + 

in Britain 

jrom our 

Marine Vertebrate Correspondent 

THe gathering of data on stranded 
cetaceans on the coast of the British 
Isles has now been in progress for well 
over half a century. Because of the 
special historical claim that the Crown 
had over ‘royal fishes’ on much of 
the English, Welsh and Scottish coasts, 
the collection of reports of strandings 
was already in progress and their pub- 
lication on a regular basis was a logi- 
cal step which was initiated by the late 
Sir Sidney Harmer in 1913. 

The latest Report on Cetacea 
stranded on the British Coasts from 
1948 to 1966 compiled by Fraser (No. 
14, 1-65, 9 maps; British Museum 
(Naturali History) 1974, £3.00) contains 


a full listing of the reported stranded 


cetaceans (with notes on a few sight- 
ings) on the British and Irish coasts 
for the eighteen year period to 1966. It 
is unfortunate that even the most 
recent records in the report are now 
eight years old, and that the opportun- 
ity has not been taken to bring the 
list as nearly up to date as possible. 
Nevertheless, there is much of interest 
in the accumulated records despite 
their age, and there is good reason 


in bringing them all together in the 
hope that common patterns will 
emerge from the data. 

Among the records of especial in- 
terest is the full documentation of two 
strandings of narwhal (Monodon 
monoceres), both in 1949 (February 
and July), a species known to have 
been found only three (or possibly four) 
times before. A pair of narwhals was 
also reported as sighted off the Orkneys 
in June 1949. The white whale (Delpin- 
apterus leucas), only stranded once be- 
fore since 1913, was sighted on three 
occasions (1948, 1950 and 1965) off 
the British Isles, and, as Fraser points 
out, was also reported off the French 
coast in December 1948, and in Dutch 
waters in June 1965 and 1966. The 
coincidence in some of these dates of 
sighting and later stranding suggests 
that the same specimens may have 
been involved in some cases, but this 
is not possible to confirm. What may 
also be significant (although Fraser 
does not comment on this) is that 
these two species are both Arctic ceta- 
ceans which occurred in unprecedented 
numbers in 1948-1949 in European 
waters following a winter of unusual 
severity in 1947-1948. 

Other records of particular interest 
in Fraser’s report are the first recorded 
occurrence of the pigmy sperm whale 
(Kogia breviceps), off Co. Clare, Ire- 
land, in April 1966, and two unre- 
corded strandings of the euphrosyne 
dolphin (Stennella coeruleoalba). This 
species had hitherto only been reported 
twice (1937 and 1939) in British waters, 
but the two additional records predate 
these, one based on an old photograph 
of 1923, and the other on a skull in 
the British Museum collection, pre- 
viously identified as a common dolphin, 
which was stranded in 1934. 

The total number of identified 
stranding since record keeping began 
in 1913 now amounts to 1,550. Of 
these 631 were of the common por- 
poise (Phocoena phocoena), 185 of the 
bottle-nosed dolphin (Tursiops trun- 
catus) and 135 of the common dolphin 
(Delphinus delphis). By analysis of the 
occurrences of the common porpoise, 
Fraser has shown that strandings occur 
most frequently during the period July 
to October, with small peaks in Janu- 
ary to March, and on the central and 
southern North Sea coast. Fraser cites 
earlier literature which suggests that 
there is an annual migration out of 
the Baltic between November and 
February, and conjectures that this 
may be correlated with the summer- 
time peak of strandings on the East 
Coast of Britain. The pattern of rec- 
ords which Fraser presents is certainly 
in keeping with the suggestion that 
porpoises enter the North Sea mainly 
in the northern sector and then follow 
the main current systems southwards 
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in an anti-clockwise direction. On the 
other hand, the incidence of strandings 
seems to be high in each of the major 
bights round the English and Welsh 
coasts, and the southern North Sea 
and the eastern English Channel can 
be seen as particularly large bights. 
The explanation for the distribution 
of porpoise strandings may thus be due 
to the configuration of the coast line 
and possibly the presence of shoal 
water, rather than to purely biological 
phenomena such as annual migrations 
of the animals. 


Lead accretion 
in alluvial deposits 


from Peter D. Moore 
Plant Ecology Correspondent 
THE release of undesirable but easily 
recognised substances into the environ- 
ment, during such processes as mining 
and industrial smelting or by the ex- 
plosion of nuclear devices, does have 
certain compensations. It can provide 
datum levels in recently deposited 
sediments which allow the calculation 
of accretion rates. For example, Brad- 
bury and Waddington Gn Quaternary 
Plant Ecology, edited by Birks and 
West, Blackwell, Oxford, 289; 1973) 
have used the abundance of haematite 
granules in the recent sediments of 
Shagawa Lake, Minnesota, to deter- 
mine ediment ages. Haematite grains 
first appear in the sediments when 
iron ore mining began in the area in 
1889 and reached a peak in 1902 when 
production was maximal: subsequently 
they declined gradually until 1951 
when there was a sharp decrease cor- 
responding to a decline in mining. 
The isotope caesium-137 has been 
used as a datum in both peats and 
limnic sediments (for example, Pen- 
nington, Cambray and Fisher, Nature. 
242, 324; 1973). Fallout reached a maxi 
mum in 1963 following the widespreac 
proliferation of nuclear testing above 
ground. Lee and Tallis (Nature, 245 
216: 1973) have used aerial lead fallou! 
to provide datings of stratified pea’ 
deposits in the Southern Pennines. 
Davies and Lewin (Envir. Pollut., 6 
49: 1974) have also studied lead, bu 
this time in alluvial deposits of the 
River Rheidol. The build-up of alluv 
ium in the meander loops of the rive 
has been mapped or photographed o! 
eight occasions during the past 13 
years; this has allowed the successivi 
zones of alluvial soil to be dated fairl: 
accurately. The upper catchment of th 
Rheidol has been mined for lead sinc 
Roman times, but peak activity oc 
curred during the nineteenth century 
Davies and Lewin have analysed th 
zones of alluvial soils in an attempt t 
determine the effects of these activitie 
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upon the floodplain materials of the 
river. 

Deposits laid down in the period 
1845-1886 had the highest concentra- 
tions of lead (1,500 p.p.m. dry soil). 
Following this, in the zone 1886-1904, 
values dropped to 1,011 p.p.m.; the 
fall could reflect the 1876 Act of Parlia- 
ment requiring the cleansing of mine 
effluents. Mining ceased at about 1900 
and the subsequent zones have lower 


concentrations of lead: 1904-1951, 785 
p-p.m.; 1951-1971, 503 p.p.m.; 1972, 
368 p.p.m. 


These data show that, despite the 
reworking of older deposits during the 
formation of meanders, the lead con- 
tents of alluvial soils do reflect the con- 
temporary conditions of lead pollution 
in the river. This technique could be 
used for the historical studies of alluvial 
pedogenesis in similar situations but 
where precise mapping is unavailable. 
The accumulation of heavy metals in 
alluvium is also a salutary reminder 
that the precise drainage conditions 
which make these soils the recipients of 
leached and eroded plant nutrients, 
producing high fertility, also result in 
the concentration of the toxic materials 
eroded from the catchment. The advisa- 
bility of using such alluvial soils for 
arable agriculture or grazing will de- 
pend on conditions of river pollution 
during the period in which accumula- 
tion of the substrate took place. 


Evaporation and gas 
exchange in nature 


from P. §. Liss 


THE evaporation of water from natural 
water bodies is largely controlled by 
aerodynamic processes in the air above 
the water surface. By contrast, ex- 
change of sparingly soluble gases, such 
as oxygen, carbon dioxide, nitrogen 
and the inert gases, across air-water 
interfaces in the environment is al- 
most entirely dependent on the degree 
of turbulence in the liquid phase. This 
fundamental difference leads to very 
different approaches in the study of 
evaporation and gas exchange in nat- 
ure. For instance in order to describe 
evaporation, sophisticated mathemati- 
cal treatments of atmospheric turbu- 
lence are necessary, whereas it seems 
that simple laminar models can go a 
long way towards elucidating air- 
water exchange rates for dissolved 
gases. 

In order for water molecules to 
evaporate from a water surface they 
must have sufficient energy to escapé& 
from the liquid. Furthermore, the 
aerodynamic regime in the air above 
the interface must be such that the 
water molecule is prevented from con- 


densing back onto the surface. At the 
22nd Bat-Sheva seminar, which this 
year took for its subject “Mechanism 
of Evaporation and Gas Exchange in 
Nature” and was held from June 16-30 
at the Weizmann Institute of Science, 
Rehovot, W. H. Brutsaert (Cornell 
University) presented a detailed mathe- 
matical treatment of evaporation and 
showed how semi-empirical theories 
of atmospheric turbulence can be used 
to help solve the differential equations 
involved. These lectures were comple- 
mented by those of C. B. Tanner (Uni- 
versity of Wisconsin) who reviewed 
the practical methods so far used to 
measure evaporation rates over land 
surfaces. He illustrated the importance 
of such studies by pointing out that 
evaporation represents on average 70% 
of the total outflow from catchments 
in the United States. In arid regions 
the figure may rise as high as 95%. 
The best estimates of evaporation 
seem to be those based on measure- 
ments of the energetics of the process, 
especially when these methods are 
locally calibrated. G, Stanhill (Volcani 
Center, Bet-Dagan) led a discussion 
on the various methods of preventing 
evaporation from water bodies and 
plants. For open waters, monolayers 
have been tried, but it is hard to main- 
tain a continuous film at the surface 
when there is any appreciable wind. 
Pumping cold water from the bottom 
of the lake to decrease the tempera- 
ture of the surface and so reduce 
evaporation is a novel technique which 
deserves attention. There has been 
some success in laboratory experiments 
in which plant leaves are sprayed with 
a chemical in order to increase their 
stomatal resistance and so reduce 
evapo-transpiration, but such tech- 
niques do not seem to work well when 
applied to crops in the field. 

A laminar layer model has been 


used by W. S. Broecker (Lamont Geo- 


logical Observatory) to characterise 
exchange of sparingly soluble gases 
across the air-sea interface. From 
measurements of Rn-222 and its parent 
Ra-226 near the water surface, it 
is possible to calculate the thickness 
of the laminar layer at the sea surface. 
From such measurements, made as 
part of the GEOSECS programme in 
the Atlantic and the Pacific, there are 
now reasonable average values for 
gas exchange rates in the major oceans. 
These values can be used to calculate 
the fluxes of many atmospheric trace 
constituents (both natural and anthro- 
pogenic) across the sea surface. S. 
Emerson (Swiss Federal Institute for 
Water Protection) showed how similar 
techniques have been applied in lakes 
to obtain rates of CO: transfer across 
the interface. His results indicate that, 
despite reports to the contrary, dis- 
solved carbon is unlikely to be a limit- 





ing factor in algal growth in. j 
because CO: can transfer from the- 
atmosphere to the water at a- rate 





fast enough to supply the carbon re- 


quired for phytoplankton growth, 

The molecular structure of liquid 
water was considered by R. A. Horne 
(Arthur D. Little Inc.). .Of especial 
importance in the context of the semi- 
nar was his analysis of how the prop- 
erties of the very surface layers of 
water molecules (vicinal water) differ 


from those of the bulk liquid: ‘Vicinal a 
water seems to differ from- the buk 


fluid over a wide range of physical 
(freezing point, 


but its thickness is still a subject of 
much debate. | | | 





Thermal disruptic 0 y 
in the asthenosphere 


from Peter J. Smith 

Geomagnetism Correspondent 
THE possibility that nonlinear. viscous - 
heating could produce thermal runa- 
ways in the Earth’s interior was first 
recognised by Gruntfest (Trans Soc. 
Rheol., 7, 195; 1963} who used the heat 
equations to show that, for one-dimen- 
sional plane viscous flow under con- 
stant stress in a slab, the temperature 
and strain rate may become arbi- 
trarily large in finite. time under adia- 
batic or near-adiabatic conditions. 
Many of the ideas initiated. by 
fest were then later. applied b 








(see, for example, J. Petrol, 10, "510: 





1969) and Shaw et al. (Bull. geol, Soc. 
Am., 82, 869; 1971) to specific ` geo- 
logical situations such as the rheology 
of basalt, the relation between Earth 
tides and magmatism in the Sierra 
Nevada, and Hawaiian volcanism. 
More recently, Fujii and Uyeda have 
been quoted as having used the ideas 
of both Gruntfest and Shaw to explain 
the size of intrusive dykes and the 
eruptive history of volcanoes. 

But talk of magmatism, volcanism 
and viscous flow leads naturally to 
deeper thoughts about the astheno- 
sphere in mind that O. L. Anderson 
and Perkins (J. geophys. Res., 79, 
2136: 1974) have been looking again, 
but in a rather different way, at the 
possibility and implications of thermal 
runaways in the Earth. They begin by 
drawing attention to the fact that the 
heat flow equation applicable to one- 
dimensional viscous flow at constant 
stress is the same one-dimensional 
equation as that used to describe ther- 
mab explosions in solids, and then go 
on to explore the consequences of this 
connection between two apparently 
quite different situations. The fact is 
that the common equation implies fea- 


viscosity, thermal ex- | 
pansion) and chemical (solubilities of =- 
ionic and non-polar solutes) properties, .~ 
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tures common to both processes; and 
this, in turn, suggests that the known 
characteristics of one process may be 
used to predict the properties of the 
other; for example, solid explosives 
possess instabilities which, when trig- 
gered, produce the explosion. The fact 
that viscous flow is governed by the 
same basic heat flow equation then im- 
plies that regions of viscous flow in the 
Earth (for example, the asthenosphere) 
should also possess inherent instabili- 
ties which, if triggered, should produce 
thermal runaways. 

Insofar as thermal runaways in the 
Earth were proposed by Gruntfest 
more than a decade ago, this predic- 
tion by analogy may not seem par- 
ticularly useful. Fortunately, however, 
there is more to be gained, for, as 
Anderson and Perkins point out, ther- 
mal explosions have been studied in 
some detail, and the knowledge 
obtained thereby may be used to 
extend the analogy with viscous flow. 
Pursuing this line of attack and mak- 
ing reasonable assumptions about the 
properties of the heat flow equation, 
Anderson and Perkins conclude that 
the potential for thermal runaways in 
the asthenosphere does indeed exist 
and that the time taken for the tem- 
perature to rise to the very high values 
necessary would probably be a few tens 
of million years after the initiating 
event. 

Once such a thermal event has been 
triggered, the hotter material will rise 
towards the lithosphere in what Ander- 
son and Perkins choose to call a surge. 
Some of the stronger surges would 
actually reach the bottom of the litho- 
sphere but would probably not pene- 
trate it. Instead, the surging material 
would spread out horizontally and 
then sink as it cooled, although com- 
pletely circular paths would not be 
produced thereby because any given 
surge would die out in about the same 
time as it took to grow. On the other 
hand, the time scale involved here is 
tens of million of years, so that regions 
of high temperature (hot spots) would 
be expected to persist near the litho- 
sphere—asthenosphere boundary for 
periods significant even in geological 
terms. 

The geological implications of such 
a situation are clearly important. For 
example, although the hot astheno- 
spheric material itself may not pene- 
trate the lithosphere, its presence 
immediately beneath would facilitate 
partial melting in the upper mantle 
and lower crust, and thus crustal 
igneous activity. The significant point 
to note here is that zones of partial 
melting produced in this way would be 
distributed irregularly and would thus 
not necessarily bear any regular tem- 
poral or spatial relationship to steady- 
state subduction processes. Acceptance 


of surges would therefore mean that it 
would be no longer necessary to force 
complex arrangements of igneous acti- 
vity into patterns dictated by plate 
tectonic models, The case that Ander- 
son and Perkins have in mind here is 
the wide extent and complex patterns 
of Cainozoic igneous activity in the 
south-western United States. The prob- 
lems involved in attempting to explain 
this activity in plate tectonic terms 
have already been emphasised by 
several workers; Noble er al. (Bull. geol. 
Soc. Amer., 84, 1393; 1973), for ex- 
ample, noted that the late Tertiary 
volcanic field of south central Nevada 
contains materials generated from dif- 
ferent sources or different levels or 
both. 

Finally, if thermal runaways produce 
surges in the asthenosphere, what trig- 
gers them? Thermal explosions in 
solids are triggered by thermal im- 
pulses and, by analogy, asthenospheric 
‘explosions’ could be initiated by fric- 
tion at the lithosphere—asthenosphere 
boundary, mantle plumes or changes in 
activation energy (for example, by dilu- 
tion with a suitable volatile). Anderson 
and Perkins, however, also draw atten- 
tion to other possible triggers which 
are less directly thermal and more con- 
cerned with changing asthenospheric 
flow patterns. Examples are the break- 
up of continents and the replacement 
of subduction zones by transform 
faults. It is clear, for instance, that the 
encroachment of the Pacific ridge on 
Atlantic plate must have profoundly 
affected flow patterns in the region 
and thus severely disrupted the asthen- 
ospheric thermal gradients. 


Models 
of the Earth 


from P. G. Richards 


THE classical subjects of theoretical 
geophysics dominated a symposium 
held from June 25 to July 5 at Cam- 
bridge: no neat and easily solved novel- 
ties here, but the staples of mantle 
convection, dynamo motions in the 
core, scattering theory, weather pre- 
diction and earthquake source mechan- 
isms. 

At a session honouring Sir Edward 
Bullard, who is retiring from the 
Cambridge chair of Geodesy and Geo- 
physics, F. Gilbert and A. Dzeiwonski 
(University of California, San Diego 
and Harvard) described notable new 
levels of sophistication in their study 
of the Earth’s free oscillations. Several 
hundred new modes have been identi- 
fied, and the inversion of 1066 data 
yields an improved Earth model in 
which the source mechanisms of two 
deep focus earthquakes can be re- 
trieved accurately. Their results back 
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up a controversial claim, made earlier, 
that the source region experiences 
compression, beginning about 80 s be- 
fore the origin time as determined from 
body wave observations. 

Since 1972, when the International 
Union of Geodesy and Geophysics 
sponsored its first symposium on mathe- 
matical geophysics, there has clearly 
been progress in the understanding of 
the Earth’s core. M. Chinnery (Lincoln 
Laboratory, MIT) gave a new formula- 
tion for finding static deformations of 
an Earth model with a compressible 
fluid core, showing that current debate 
and major disagreements in the litera- 
ture on this subject can be resolved 
by working with bulk properties in the 
fluid (density, pressure) rather than 
with particle displacements. D. Cross- 
ley (Memorial University, Newfound- 
land) presented results for the gravita- 
tional undertones in a  subadiabatic 
core of a rotating Earth, finding that 
eigenperiods are confined to the range 
0-12 h. The written versions of these 


two papers are awaited with interest, 


for the basic problem has challenged 
Love, Jeffreys, Pekeris, and many 
another of the sharpest theoreticians 
in geophysics. 

In weather prediction and seismic 
wave propagation, it is now possible to 
recognise statistical elements which limit 
the deterministic results naively hoped 
for a few years ago. However well an 
initial state of the atmosphere is 
known, C. Leith (National Center for 
Atmospheric Research, Boulder) re- 
ported, there is no basis for predicting 
atmospheric pressures beyond about 
two weeks. Likewise, the seismologist 
should not expect to interpret every 
detail on a seismogram, although K. 
Aki (MIT) has used a standard back- 
scattering theory to determine some 
interesting differences in the hetero- 
geneity of California, Japan and Nor- 
way. Subsequent corridor discussion 
showed that scattering theories are 
being widely investigated, as, for differ- 
ent length scales of heterogeneity, com- 
pletely different scattering modes may 
be appropriate. Even the standard for- 
mulations (based on acoustic waves) 
may give different asymptotic results 
for P-S scattering in the elastic case. 

The effect of specified inhomogeneity 
on sufficiently long period waves 
should, of course, be deterministic, 
and quite realistic problems are now 
often attacked with the finite element 
method. A major computational ad- 
vance here was reported by W. D. 
Smith (University of California, 
Berkeley), who has found a subtle way 
to eliminate unwanted reflections from 
the grid boundaries. He uses two sets 
of boundary conditions for which the 
sum of solutions sees the boundary as 
transparent, even for elastic (P-SV) 
waves. 
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-Fossil marginal basin in the southern Andes 





Ian W. D. Dalziel*, Maarten J. de Wit & Keith F. Palmert 


Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York 10964 





In the southern part of the South American continent 
a marginal basin opened behind an active andesitic 


island arc in the earliest Cretaceous. The basin closed 

again in the middle Cretaceous, during the period of fast 

seafloor spreading, causing the penetrative deformation 
of the southern Andean Cordillera. 





THe Andes are widely regarded as the ‘type’ continental 
margin orogenic belt'=*. The regular Cordillera-bounded, 
western continental margin of South America is frequently 
contrasted with the island arc festooned eastern margin 
of Asia’. Our recent field work demonstrates that a mar- 
ginal basin with a mafic floor, like those behind the island 
arcs of the western Pacific, opened up in the southern 
Andes during the Cretaceous as previously suggested by 
Katz’. This has important consequences not only for the 
history of the Pacific Ocean basin but also for concepts 
of mountain building at continental margins. 

A narrow discontinuous belt of mafic igneous rocks ex- 
tends along the spine of the Andean Cordillera from Cape 
Horn at 56°S at least as far north as 51°S, a distance of 
350 km (Fig. 1). These rocks, commonly termed the 

p rocas verdes (green rocks) by Chilean geologists, were 
‘considered to be mainly lavas and have been variously re- 
ferred to as ‘eugeosynclinal’ or ‘ophiolite’ assemblages’~". 

The belt of mafic rocks is flanked on the Pacific side by 
the Patagonian batholith, a vast continuous granodioritic 
body extending from Cape Horn to 50°S and beyond, 
averaging more than 60 km in width and reaching almost 
to the continental margin. The continental rocks on the 
Atlantic side consist of Palaeozoic (? and older) meta- 
morphics unconformably overlain by an extensive silicic 
volcanic layer 0-2 km thick of middle—late Jurassic age, 
with a cover of Cretaceous and Cainozoic sediments. The 
silicic volcanic layer extends in the subsurface as far as 
the eastern continental margin. 

The Patagonian batholith is interpreted as the root of 
an andesitic volcanic chain initiated in the Late Jurassic 
and comparable with the Central Andes of today. The 
rocas verdes are thought to represent the mafic floor of a 
marginal basin that formed in the latest Jurassic-earliest 
Cretaceous, separating the active andesitic volcanic chain 
from stable continental South America. 

















Volcanic chain development 

A thick sequence of sediments was deposited in the 
southern Andes from Kimmeridgian to Aptian time. Along 
the Atlantic side of the High Cordillera uniform black 
mudstones of shelf facies were deposited, thickening 
markedly from 400 m in the east to more than 2 km 
towards the west. Within the Cordillera a marked facies 
and a further change in thickness occurs. Abundant, thick 
greywacke beds and thin radiolarian cherts appear inter- 
bedded with the black mudstones. Towards the Pacific 
where the sequence exceeds 3 km, thee greywackes thicken 
and become more abundant. They are rich in immature 
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in thickness and a indicate that the source iy on ‘the 
Pacific side of the sedimentary basin. The presence of an- 
desitic lavas and volcanic breccias in the southern par 
of the basin, interbedded with the cee iene but t seographi- 


ean" (see Fig. 2b). 
The Patagonian batholith now lies. dicestly. 
Pacific margin of the sedimentary basin. 
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Fig. 1 a, Simplified geological map of the southern Andes, 
A = Isla Young. b, Location map, arrows show di sub- 
duction directions. 


and as yet poorly mapped unit consisting of numerous small oe: 
plutons of coarse grained ‘granitic’ rocks ranging from © 
tonalite to adamellite. The batholith is intruded into and 
contains large xenoliths of Palaeozoic metasediments and 
Late Jurassic silicic volcanics, both readily recognisable as 
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parts of the South American continental ‘basement’ that 
underlies the Cretaceous shelf sediments to the east (Figs 
1 and 2). The Patagonian batholith is strikingly similar 
to the Peruvian batholith recently described by Cobbing 
and Pitcher’. 

Hamilton has proposed that large batholiths of inter- 
mediate composition, such as those that are more or 
less continuous along the western North and South Ameri- 
can continental margins, are the plutonic equivalents of 
overlying contemporaneous calc-alkaline volcanic chains. 
In the southern Andes there is strong support for such a 
comagmatic origin. Radiometric dating, largely by Rb-Sr 
whole-rock-mineral isochrons™, indicates that the batholith 
was initiated by the Late Jurassic (150 Myr) and that 
plutonic activity continued intermittently until at least 
the end of the Cretaceous. Thus it was coeval with the 
andesitic volcanic activity on the same (Pacific) side of 
the sedimentary basin. 

Thus we conclude that the Patagonian batholith was 
overlain by an andesitic complex emplaced into South 
American continental crust, as in the present central 
Andes, and supplying detritus to the basin on its eastern 
flank. This then suggests that subduction of the floor of 
the Pacific Ocean beneath this part of South America 
was initiated by the late Jurassic. 


Marginal basin development 


The floor of the basin consists of large lenses (up to at 
least 120 km long and 20 km wide and more than 2,000 
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overlap on to these blocks, usually being separated from 
them by a variable sequence of clastic (often volcaniclastic) 
sediments including conglomerates, mafic and silicic tuffs, 
and lavas. The extrusives dip moderately inwards (Fig. 2a). 
Thus the mafic lenses are funnel shaped in cross section, 
have normal igneous contacts and are autochthonous. 

The sheeted dyke complexes are entirely composed of 
dykes with chilled margins against each other and basaltic- 
doleritic textures. They are as much as tens of metres 
thick but average 1-2 m. Where studied in detail (north 
of the Straits of Magellan where the Andies trend north- 
south) they strike consistently subparallel to the Cordillera. 
Swarms of mafic dykes and gabbro sills are present even 
outside the main mafic complexes, cutting the rocks of 
the continental blocks. Where large volumes of these in- 
trusives are present in the continental blocks, especially 
near the margins of the mafic lenses, remelting and 
assimilation of the older sialic material is frequently evi- 
dent. This process has almost certainly resulted in the 
generation of some of the more silicic phases associated 
with the gabbros. 

Although the original igneous textures are generally 
preserved in the mafic rocks, the latter generally display 
zeolite facies mineral assemblages increasing with depth 
to lower amphibolite facies. At present these assemblages 
seem to represent an ‘ocean floor’ type of metamorphism. 

The mafic lens we have studied in most detail forms 
Cordillera Sarmiento north of the Straits of Magellan 
(Fig. 1). Here the extrusive unit is conformably overlain 


by fossiliferous sediments dated as Lower Cretaceous (A. 


Cafion, personal communication), The absence of extensive 


6 km 
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m thick) of mafic rocks (Fig. 1). The lenses are sub- 
parallel to the Cordillera. They intrude and separate 
blocks of Palaeozoic schist and the overlying Middle- 
Upper Jurassic silicic volcanics (Fig. 2a). 

The mafic rocks represent the upper parts of ophiolite 





assemblages. An intrusive unit, consisting of gabbro that 


may show cumulative layering, is cut by, and passes 
upwards into, a sheeted dyke complex. At still higher 
levels the sheeted complex is overlain by an extrusive 
unit of considerable thickness consisting of near horizontal 
pillow lavas, pillow breccias and tuffs. The intrusive- 
extrusive transition is complex, the dykes thinning and 
becoming irregular and more widely separated by screens 
of pillow lavas. Individual dykes frequently feed pillows. 
The extrusives are in turn overlain by, and intercalated 
with, minor amounts of chert and jasper. 

The intrusive unit has steeply dipping igneous contacts 
with the continental blocks. In places the extrusive units 





flyschlike sediment layers within and below the mafic 
extrusives suggests that the latter were extruded very 
rapidly during a major pulse of magmatism in the early 
Cretaceous and that marginal basin formation was initiated 
during the evolution of the andesitic volcanic complex 
along the Pacific continental margin. 

The floor of the marginal basin consisted of huge strips 
of ‘oceanic’ crust separated by elongate blocks of older 
continental crust and must have formed by extension 
and intrusion of basaltic magma behind an active andesitic 
volcanic chain. Extension moved the volcanic chain to- 
wards the Pacific, relative to South America, producing 
a volcanic island arc based on continental crust and 
separated from thg stable continent by a marginal basin 
whose floor had geophysical characteristics partly ‘oceanic’ 
and partly ‘continental’. The geotectonic setting must have 
been analogous to the present Japan Sea area in these 
respects. The apparent absence of ultramafic complexes 
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si the otherwise complete ophiolite suites of the south- 
i Andes may be the result of structural level, because 


©. dn Cordillera Sarmiento the gabbros are at sea level. The 


question of whether or not the crust of marginal basins 
is identical to that of large ocean basins remains, however, 
to be settled. 


Closure of marginal basin 


The youngest dated rocks of the basin infilling are Aptian. 
The whole sedimentary pile, together with the under- 
lying basin floor, shows signs of strong deformation. These 
tectonic structures are cut by undeformed granodioritic 
plutons that have been dated as 80-90 Myr old™"", It is 
clear, therefore, that the marginal basin rocks were de- 
formed after the Aptian and before the end of Coniacian®. 
We consider this deformation to have occurred when the 
volcanic arc was translated back towards the continental 
margin. The resultant shortening between the arc and 
continent caused the deformation not only of the rocks 
of the marginal basin but also of its margins, particularly 
the eastern continental margin. 

The very varied basin floor assemblages were very in- 
homogeneously deformed. Zones of intense and locally 


polyphase deformation alternate with large areas of virtu- * ~ 


ally undeformed rocks across the width of the basin, the 
areas of high strain often being concentrated along major 
lithology contrasts. North of the Straits of Magellan the 
floor rocks of the basin display essentially vertical planar 
structural elements (shear zones, slaty cleavage and major 
fold axial surfaces) that parallel the strike of the Cordil- 
lera. 

By contrast the sedimentary fill of the basin appears 
to be more uniformly deformed. A persistent, well de- 
veloped, slaty cleavage that is axial planar to related asym- 
metric folds occurs throughout the cover sediments, strik- 
ing parallel to the Cordillera. South of the Straits of 
Magellan the cleavage and fold axial surfaces dip towards 
the Pacific. The vergence of the folds towards the Atlan- 
tic’ is accentuated by small thrusts in the anticlinal 
hinges that translate the rocks in the same direction. This 
fold vergence is also predominant in southern Tierra del 
Fuego where the Cordillera trends west-east™, Moreover, 
if recent reconstructions of the North Scotia Ridge are 
correct”, the flyschlike Cumberland Bay and Sandebugten 
sequences of South Georgia® also represent basin fill, and 
the Cumberland Bay has the same Pacific to Atlantic ver- 
gence" and is thrust towards the Atlantic over the Sande- 
bugten sequence that has predominantly opposed ver- 
gence”. 

The rocks to the east of the marginal basin on the 
South American continental margin of the early Creta- 
ceous show varying intensity of deformaticn. Along the 
whole length of the Cordillera the silicic volcanic layer 
beneath the Cretaceous and Cainozoic sedimentary cover 
has been structurally uplifted and crops out in a narrow 
belt along the Atlantic margin of the High Cordillera. In 
the north deformation of the Palaeozoic basement schists, 
like that of the mafic lenses, is confined to narrow zones”. 
In the east-west trending Cordillera in Tierra del Fuego, 
by contrast, widespread reactivation of the Palaeozoic base- 
ment has occurred”**, Everywhere the intensity of de- 
formation dies away rapidly towards the Atlantic. 

The rocks of the volcanic arc itself were also probably 
deformed at this time. Some narrow subvertical shear 
zones in the batholith may be related to basin closure. 
To the north of the Straits of Magellan the Palaeozoic 
schists into which the batholith was emplaced are de- 
formed in zones as on the eastern margin of the basin. 

The basin must have closed by obduction, subduction or 
‘ internal deformation of the basin floor and its infill, or by 
o a à combination of these processes. As the rocks of the basin 
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Fig. 3 Present location of the main tectonic divisions ft 
southern Andes, as interpreted in this. a PART 





floor appear to be entirely autochthionctis; ob du 
be rejected. The marginal basin rocks we hav 
were certainly horizontally shortened by. a 
It has not yet been determined whether this resu 
from subduction of the basin floor. If subduction occu 
the mafic lenses now preserved merely represent relic 
of the easternmost part of an originally more extensive 
marginal basin. 


Geotectonic implications 


Several significant conclusions can be drawn: | 7 

(1) There is positive evidence in the sben Andes 
that the Mesozoic batholith along the Pacific continenta 
margin represents the root of an andesitic volcanic chi 
that was initiated on South American continental- crust 
by the late Jurassic. We relate the formation ‘of | the $ 
volcanic chain and its continued activity into the Creta- a 
ceous to subduction of the Pacific Ocean floor beneath: a 
the South American continent. ee 

(2) In the latest Jurassic~early . Cretaceous, basaltic HR 
magmas were intruded into the continental crust. behind.. 
the volcanic complex that was consequently translated to- — 
wards the Pacific relative to South America, creating a. 
marginal basin between a volcanic island arc and the — 
South American continent. The marginal basin seems to 
have formed during a single major pulse of rapid exten- 
sion, and was infilled during the early Cretaceous by 
andesitic detritus from the active arc. The original width 
of the basin is not known. 

(3) During the middle Cretaceous the arc moved back 
towards the continent accompanied by the deformation of 
the basin rocks, the South American continental margin 
and probably the arc itself. Recognition of the inhomo- > 
geneous deformation of the mafic lenses leads us to em- = 
phasise that the dating of ocean floor remnants solely on 
the basis of the presence or absence of deformation fabrics 
such as has been attempted in the Appalachian/Caledonian 
orogen” must be undertaken with the greatest caution > 
(J. R. Bursnall and M. J. de Wit, in preparation). 

(4) Based on fossils in the sediments overlying the mafic 
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lenses, it can be interpreted that the marginal basin 
opened before 118 Myr (base of the Barremian). From the 
age of the plutons cutting the deformed basin infill, it 
closed before 88 Myr (base of the Coniacian). Thus 
whereas the opening took place during a period of ‘nor- 
mal’ seafloor spreading rates in the Pacific, closure and 
accompanying deformation coincided with the period of 
particularly high spreading rates between 110 and 85 Myr 
ago”. ; 

The opening of the marginal basin took place by ex- 
tension and intrusion behind the arc, apparently in the 
manner suggested by Karig® and Uyeda”. Field observa- 
tions clearly demonstrate that the ‘ophiolitic’ rocks do not 
represent old oceanic crust fortuitously trapped between 
South America and an island arc migrating across the 
Pacific’. Closure of the basin did not take place by 
obduction of the basin floor. Horizontal shortening was 
certainly involved and Pacific-ward subduction may have 
taken place. 

In the Central Andes and in West Antarctica ophiolitic 
rocks are unknown?! although there is substantial 
evidence of Mesozoic subduction®*. Hence it seems that 
a marginal basin with a mafic or partially mafic floor 
did not develop in these areas. At least in the central 
Andes, however, an early Cretaceous sedimentary basin 
infilled with flysch-type sediments full of andesitic detritus 
and mafic extrusives, did develop behind the Mesozoic 
volcanic chain, perhaps indicating more limited extension. 
Significantly, the mid-Cretaceous deformation there was 
far less intense and of a different style, consisting of 
block faulting and gentle warping. Penetrative fabrics are 
wholly absent. Thus it seems that large penetrative strains 
at high crustal levels are not generated behind a volcanic 
arc by subduction alone but may be related to ‘collision’ 
between volcanic arcs and continents during closing of 
marginal basins. 

The data show that marginal basins are not character- 
istic solely of the western side of the Pacific Ocean. They 
have existed in the past along the eastern margin. Hence 
the present western South American continental margin 
is not representative of all Mesozoic—Cainozoic Andean 
geological history. Recognition of this fact leads us to 
consider the factors involved in the opening and closing 
of marginal basins. 

Wilson and Burke’ have suggested that marginal basin 
formation is related to the relative motion of lithospheric 
plates and the mantle underlying the asthenosphere. Accord- 
ing to their hypothesis the consuming plate at a sub- 
duction zone, such as the American plate at the Peru- 
Chile trench, if advancing over the lower mantle, will 
develop no marginal basin. If, however, the over-riding 
plate is stationary over the mantle or retreating from the 
plate. being consumed, then marginal basins will develop 
as in the western Pacific. 

Scholz et al.* have suggested a more general explana- 
tion that marginal basin formation is related to the level 
of the horizontal component of compressive stress across 
the consuming plate boundary. An increase in this com- 
ponent could arise from an increase in spreading rate and 


it may not be a coincidence that the age of closure. 


of the, marginal basin in the southern Andes coincides with 
the world-wide pulse of high spreading rates”. In addition 
to changes in relative motion of plates over the mantle, 
increase in spreading rate and certain changes in plate 
configuration, it has been suggested that marginal basin 
closure could also result from weakening of the mafic 
floor of the basin because of high heat flow below an 
insulating ‘blanket’ of volcaniclasfic sediments. The .meta- 
morphic assemblages of the southern Andean mafic lenses 
could be taken to support this view but the fact that a 
uniform penetrative fabric is lacking seems to argue against 
it. 
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The question of why the basins open and close is at 
present unresolved, and it is increasingly apparent how 
crucial the answer is for understanding the evolution of 
continental margins and mountain belts. Recognition not 
only that a marginal basin developed in the Andes, but that 
it opened and closed before those of the present western 
Pacific were initiated, may be of great significance for 
understanding of the evolution of continental margin oro- 
genic belts and the history of the Pacific Ocean basin. 
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High-quality crystals suitable for an X-ray crystal- 
lographic study have been obtained for urea-denatured 
lysozyme 


AS more protein structures become known through the 
use of crystallographic methods, knowledge of the basic 
structure, and also of perturbations of the structure will 
be required to understand the forces involved in the 
architecture of the proteins and the catalytic power of 
enzymes. One of the perturbations which may prove 
useful, is the unfolding of proteins caused by high con- 
centrations of urea. Although many solution probes such 
as nuclear magnetic resonance (NMR), electron spin 
resonance (ESR) and fluorescence, have been used in de- 
naturation studies, these tools, powerful as they are, can 
probe only small portions of the protein at a time. Such a 
partial picture makes it difficult to relate structure change 
with activity since only some of the changes are known. 
A comprehensive recording of all changes could be obtained 
by crystallography but unfortunately crystallisation of pro- 
teins in urea has seemed difficult theoretically or recalcitrant 
experimentally. It was therefore decided to explore con- 
ditions for obtaining enzyme crystals from urea by the 
manipulation of urea and salt concentrations. This has 
now been achieved for lysozyme and excellent X-ray 
diffraction patterns have been obtained from crystals in 
equilibrium with high urea concentrations. 


Preparation of lysozyme crystals | 

Native, tetragonal crystals of hen egg white lysozyme 
chloride were grown following the method of Alderton 
and Fevold': 400 mg of lysozyme were dissolved with 
thorough stirring in 5 ml of 0.04 M acetate buffer pH 4.7 
and the stirring was continued for a further hour to 
dissolve nuclei, Sodium chloride solution (5 ml, 10% w/v) 
was added dropwise over several minutes, the final solution 
was filtered into a polythene bottle and left undisturbed 
for up to two weeks. Crystal nucleation generally occurred 
within a few hours but growth was regarded as complete 
only after two weeks had elapsed. 

Tetragonal crystals of lysozyme were crystallised with, 
for example, 6 M urea by a simple variation of the 
above procedure: 300 mg of lysozyme were dissolved in 
2 ml of a solution which was 4 M in acetate buffer pH 4.7, 
and 9 M in urea. After equilibrium (assumed to be up to 
| h), | ml of saturated sodium chloride solution was added 
and after further gentle stirring the solution was filtered 
and left. Nucleation and growth of the crystals was 
generally as rapid as for the native crystals. 

Equilibration of native lysozyme crystals with urea 
solutions was achieved by first stabilising the crystals with 
a solution of 0.2 M acetate buffer, 12.3% w/v NaCl and 
subsequently with solutions of the s&me salt content but 
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with the appropriate urea concentration. Equilibration 
was achieved by adding the final stabilising solution drop- 
wise over several days, with gentle agitation at each 
addition, to the crystals in their original mother liquor. 
Hen egg white lysozyme (3X-crystallised, dialysed and 
lyophilised), Lot 70C 8110, and N-acetyl glucosamine (NAG) 
(Sigma (London) Chemical Co.), Tri-N-acetylchitotriose 
(tri-NAG) and analytical grades of urea, glacial acetic 
acid, sodium acetate trihydrate and sodium chloride 
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Fig. 1 18° HKO (2.5 A) precession photographs of tetragonal 
crystals of hen egg white lysozyme chloride: a, native crystals; 
b, crystals equilibrated with 9 M urea. 
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Urea concentration (M) 


Fig. 2 a, Enlargement of a representative group of medium 

resolution HKO reflections showing the variation of 

intensities with urea molarity. b, A plot of the variations 

with urea concentration of the structure factors of some of 
the best-phased reflections of a. 


(British Drug Houses, Ltd) were used. The urea was freshly 
recrystallised from glass distilled water immediately before 
use and only freshly prepared urea solutions were used. 
Screened precession photographs (18°) of the (centric) HKO 
and HOL zones were obtained using Ni-filtered copper 
radiation from an Elliott Automation rotating anode, 
Type GX3. Photographic intensities were estimated using 
a Joyce—-Loebl double-beam recording microdensitometer 
Mark III CS. Crystals were conventionally mounted and 


. sealed in contact with the vapours of their respective 


ea eee soaking solutions. 


Isomorphism of crystals 

Crystals of hen egg white lysozyme in equilibrium with solu- 
ions of urea show diffraction patterns indicating isomor- 
phism. w h native crystals”, Significant alterations in the 
intensities of reflections were observed without any loss of 
order in the crystals or any large change in cell dimensions 
(compare Fig. 1). The detailed X-ray crystallography there- 
fore confirmed the qualitative observation that good 





crystals existed in the urea plus salt mixture and that the 
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crystals give X-ray patterns of the same quality as do the 
native crystals. 

Examination of the photographs (of which Figs 1 and 3 
include two representative examples) shows large intensity 
changes in many of the reflections. These intensity changes 
indicate that urea causes extensive structural alterations 
without any resultant loss of crystallinity, This clearly allows 
a structural investigation of the lysozyme molecule in 
high concentrations of urea to be carried out using X-ray 
techniques. Extensive studies of lysozyme structure and 
activity in urea solutions have been made”, which 
have indicated that the lysozyme structure is generally 
rather resistant to denaturation by urea but that changes 
do occur. X-ray crystallography confirms these findings 
in general but allows more specific conclusions to be 
made. Edelhoch and Steiner, for example, found that 
the molecule retained some structure, that is, was not 
a random coil, even in 9 M urea. The X-ray results are 
in agreement with this conclusion and indicate a surpris- 
ing degree of order for a solvent of such denaturing 
capacity. 

The changes in intensity are unfortunately much too 
great (compare Fig. 1) for a conventional difference synthesis 


against the known native structure to be useful in defining 


the precise nature of the changes induced by urea. In 
these circumstances there is no alternative to a complete 
de novo structure determination of the denatured molecule, 
and a search for useful heavy-atom derivatives has been 
started. Some useful information of a general nature 
can, however, be deduced from the intensity changes. The 
alterations in intensity are particularly pronounced at 
high resolution, indicating that changes occur largely to 
the detailed structure of the molecule. A three-dimensional! 
difference map between the 3 M urea and native forms, 
using terms to 3 Å resolution, while confirming our 
judgement that the intensity changes were too extensive 
to be useful in detail, showed that the major difference 
density features were confined within the molecular en- 
velope. This indicates that while some contribution to the 
intensity changes can probably be expected from perturba- 
tion of the solvent structure, it is clear that the major 
contribution arises from conformational changes distributed 
throughout the molecule itself. 


Variation with urea concentration 

Preliminary phase information from the heavy-atom search 
together with an analysis of the variation of X-ray intensi- 
ties as a function of urea concentration allow some broad 
but definite inferences to be made about the lysozyme—urea 
system under study. An examination of precession photo- 
graphs extending to 2.5 A_ resolution shows that the 
intensities of a majority of the centric HKO and HOL 
reflections vary in a monotonic manner. The detailed 
intensity variations of a small number of representative 
medium-resolution reflections are shown in Fig. 2a, and 
a plot of the structure factors of the best phased reflections 
in this group in Fig. 26. Figure 2 shows that the major 
changes in intensity have occurred by the time the concen- 
tration of urea has reached 3 M, and that the further 
changes up to 9 M are small. This suggests that the major 
conformational changes induced by the urea have occurred 
at these low concentrations, and that thereafter further 
alterations are minor. 

A small number of reflections seem to behave in a 
different way. Their intensities first decrease to zero as 
the urea concentration increases and then subsequently 
increase at higher goncentrations. The preliminary phase 
information indicates, however, that the reflections be- 
having in this way have all undergone a change of sign 
(see, for example, 13, 16, O in Fig. Za and b) and when this 
factor is taken into account, all the reflections examined 
are found to vary monotonically. The finding of such 
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monotonic changes in the diffraction pattern might indicate 
a two-state denaturation model, or at least be consistent with 
such a model. But, the knowledge of protein structure 
which already exists, and the failure of two-state models to 
account for the kinetics of either denaturation’ or re- 
folding” suggests that such a model is unlikely, and 
indeed a plot of fractional structure factor changes as 
a function of urea concentration for individual reflections 
gave differing curves indicating deviations from a mutually 
linear relationship. Additional small intensity changes 
due to the minor concentration-dependent changes in cell 
dimensions cannot be corrected for, however, and these 
data per se cannot exclude a two-state model. It is, of 
course, conceivable that, because we are dealing with the 
structure in a crystal, there are certain constraining 
relationships which favour an apparent two-state model. 
A definitive answer to this problem must await the com- 
plete three-dimensional crystallographic study which is now 
in progress. 


Stability of the protein 

A particularly interesting feature of this X-ray study is the 
thermodynamic stability both of the protein and of the 
tetragonal crystal form. Changes in the diffraction patterns 
seemed to be complete within 24 h of the introduction of 
urea, Suggesting a rapid attainment of equilibrium, but 
there were no further changes when the crystals were 
subsequently exposed to the urea solutions for a period 
of weeks. Crystals equilibrated with high urea concentra- 
tions could, in addition, be leached with urea-free high 
salt solutions and were found within 24 h to regain in 
full their original native diffraction patterns. That this’ 
Stability represents a true thermodynamic minimum was 
demonstrated by the crystallisation of lysozyme directly 
from urea solutions. Crystals obtained from 1 M urea 
had diffraction patterns which were identical to those 
of soaked crystals, whereas those obtained from 6 M urea 
showed only minor high-angle differences when compared 
with their corresponding soaked crystals (compare Fig. 3). 
This retention of isomorphism is especially interesting in 
view of the appreciable conformational changes indicated 
both by physical studies and by the present work, and 
confirms that the basic form and packing of the molecules 
is not altered as much as might be expected. 

No glutaraldehyde or other cross-linking material has 
been used to cross-link the crystals. The main feature that 
has changed the urea from a medium which dissolves 
protein to one in which crystals are stable is the use of 
high salt concentrations, 

While this work was in progress, we learned of the 
study of Berthou and Jolles'® who have also crystallised 
lysozyme from urea. Their studies on temperature effects 
and polymorphism should offer additional valuable insights 
into lysozyme properties. 


Further uses 
In summary, these studies indicate that crystallisation of 
proteins from urea is possible and that the X-ray crystallog- 
raphy of these structures will be valuable in interpreting 
the role of conformation in the activity and folding of 
proteins. The use of urea for structural changes has con- 
siderable advantages in studying protein structure since it 
is the differences rather than the creation of a total 
Structure that is being dealt with. Furthermore, the 
use of lower concentrations of urea can in some cases 
produce smaller perturbations of structure. We hope that 
further work will relate conformatiqnal changes to the 
activity of the lysozyme. Preliminary (unpublished) results 
indicate that activity is regained and conformational changes 
are induced when polysaccharides are added. 

X-ray crystallography is particularly valuable for such 
Structure—activity correlations. The examination of any 
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one group, such as by using reporter groups is useful, but 
the role of a residue may be ambiguous if the perturbations 
of other groups are not known. Crystallography gives an 
overall three-dimensional picture which would be difficult 
or impossible to achieve with individual probes, but is 
also more time consuming. Eventually parallel relationships 
in which the probing of an individual group by a reporter 
group can be correlated with key X-ray structures may 
offer the complementary advantages of completeness and 
economy of effort. Our present X-ray results with lysozyme 
make possible such interrelated studies. 

The generality of the method is supported by unpublished 
studies on chymotrypsin which have shown that it can be 
crystallised from 6 M urea and remain isomorphous with 
the native enzyme. Thus, the results found here in relation 
to lysozyme can be applied to a variety, possibly a majority, 
of protein molecules. 

The work at Oxford is supported by the Medical Re- 
search Council. K.W.S. holds a Research Studentship from 
the Science Research Council. R.T. was supported by 
funds from a US Public Health Service grant. D.E.K. jun. 
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Fig. 3 HKO precession photographs of crystals of hen 
egg white lysozyme: a, soaked in 6 M urea; b, cocrySstallised 
from 6 M urea. 
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-The vertical extent of the flow in the upper mantle may be 
governed by the layering of the Earth, with the lower mantle 

rigid enough to act as a frame of reference. A theorem 

deduced from basic mechanics gives the movement of the 

plates relative to this frame. The fit with velocities deduced 

from the migration of deep volcanism is excellent. Absolute 

. velocities of trenches may be related to the slope of the 
sinking slabs of lithosphere. 


















THERE have been several successive steps in the hot spot theory’. 
Tt was ie suggested that volcanic chains of the Hawaiian type 


n that the hot spots form a consistent frame of 
If this were SO, then at a particular depth, the bulk of 


at negligible rate only. Furthermore, horizontal movements 
ns be confined within the upper mantle and near to the 


from cach of the plumes. I Ber deal with the first two sugges- 
tions, but do not consider the third idea which is much more 
controversial. 

The movement of the lithospheric plates relative to the lower 
mantle can be deduced directly, using basic mechanics, as long 
as the model fits some general conditions. The fit between the 
relevant calculations supports the validity of the model used. 


Necessary assumptions 

-L assume that the lower mantle, below the 700 km discon- 
tinuity, is rigid enough away from hot plumes, to be taken as a 
frame of reference. Velocities relative to this frame will be 
termed ‘absolute velocities’. 

This assumption conflicts with some questionable estimations 
of the viscosity at depth. McConnell’s method of calculating 
velocities from the profiles of raised beaches? gives no pertinent 
information about regions below 800 km. Although Goldreich 
and Toomre?® have explained the nonhydrostatic bulge of the 
Earth by assuming a mean viscosity < 10% poise, an earlier 
explanation’, which suggested a mean viscosity ~ 10% poise 
has not been disproved. A mean viscosity of 107° poise at the 





mantle—core interface, with a shear strain rate of 10718 s~ has 
been calculated’. It is, however, the shear stress, not the shear 
strain rate, which is spread over the whole mantle with the same 
order of magnitude (for instance 5-10 bar), with convection, or 
without it. With such a shear stress in the asthenosphere, where 
the melting point is reached. Weertman’s law® would give a 
shear strain rate of 107% to 107° s~, a value 10° times too high. 
By modifying the numerical factor accordingly, the viscosity at 
the mantle—core interface rises to 10% poise. 

My second assumption is that, with the exception of hot 
plumes and descending slabs, there are no lateral variations in 
the viscosity of the upper mantle. A three-layer model can be 
adopted. The top layer is composed of rigid lithospheric plates, 
which may be limited downwards at an isobaric surface pe 
without substantially changing the dynamical problem. Under 
this is a low viscosity layer (for instance 4x 10” poise). The 
bottom layer is more viscous (for instance 107" poise), and is 
of uniform thickness and horizontal extent. The viscosities of 
layers 2 and 3 are assumed to be Newtonian for the very slow 
motions involved. 

My third assumption is that the viscous layers have densities 
p, and ps, respectively, with horizontal variations which are 
much larger than the vertical variations within a single layer. 
The horizontal variations are a function of temperature changes 
which are governed by the convection processes, and so this 
assumption implies that any reversal of the current should 
occur near an interface between layers. 


Absolute velocities 


Departures from the hydrostatic values are here termed 
‘perturbations’. The equations of quasistatic equilibrium and 
of viscosity can be written in a linear form with respect to the 
perturbations. This is not so, however, with the heat equation, 
because the convective term in u © yT is the main one; thus it is 
not introduced, and the horizontal density gradients vp, and 
VPe are considered as unknown functions. 

I have shown’ that, in the two-dimensional case, any pertur- 
bation may be expressed as a linear function of four perturba- 
tions. With the x-axi@ horizontal, the velocity #ox at any point 
on a plate may be written: 

uo. = C,0C/8x-+ CyApy/@x4- C0 pe] AX t CiTex (1) 
where © denotes the vertical deflection of the isobaric surface 
pa and Ta, is the shear stress, in the x direction, between ‘the 
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third layer and the motionless lower mantle. C; is constant (for 
a given model) independent of the perturbations. Equation (1) 
holds to the second order only, but because with reduced 
variables C; is of the order of unity and the perturbations are 
of the order of 107-10, this inaccuracy is of little concern. 

In the three-dimensional case, equation (1) holds in the 
x direction, and in a transverse horizontal direction (substituting 
y for x) because, to the second order, the perturbations in the 
x and y directions do not interfere with one another. Therefore: 

ud = Ciy CoyPit CV Prt Cyte (2) 

According to my third asumption, equation (2) is valid over 
the whole Earth with the same constants C;, with the exception 
of some small areas (oceanic ridges, subduction zones, and so 
on). Of course, for points on one plate the values of u, are linked 
and thus the four vectors on the right hand side of the equation 
are not independent. When crossing a ridge or a subduction 
zone, € does not undergo a discontinuity. The same is true, 
to the second order, for p, and pa, as the conditions are very 
close to hydrostatic. 

(It should be noted that the nullity of the total mass transport 
through the three layers is not introduced, as was the case in 
previous articles®?, Even if there were no hot plumes rising 
from the lower mantle, this nullity would hold only in the two- 
dimensional case, that is for a ‘cylindrical Earth’. This point 
will be developed elsewhere.) 

There can be a horizontal vector,a, defined at any point on the 
Earth’s surface. The resulting moment of adS over the whole 
Earth, with respect to an arbitrary diameter DD’ is 


[IOD x OM)-adS = OD-{{(OM x a) dS 3) 


(taking the radius of the Earth, OM, as unity of length). > 
This quantity vanishes when, and only when: 


Moreover, as the rigid lower mantle is assumed to be 
spherical, the quasistatic equilibrium of the whole system 
means that fÆ o (Ta) = 0. Thus, according to equation (2) 


Mo (uy) ms J f (OM x ug) dS = (6) 


For any closed path drawn on a single plate, the conserva- 
tion of mass requires, 


ĝ (OM x u) ds = 0 (7) 


where ds is an infinitesimal arc. 

As this relationship no longer holds when the path crosses a 
ridge or a trench, equation (6) is important. 

Q is the instantaneous rotation vector of the plate at point 
M, and, relative to the lower mantle, u, = Q x OM. Equation 
(6) can thus be weinen 


Q is different from plate to plate. 


In Cartesian coordinates, with the origin at the Earth's 
centre O, the components of OM are x, y, z, and of Q: Q,, 
Q,, N. Equation (8) becomes: 


JI NQ, dS — a XAQ, + y Q,4¢2 Q.) dS = 
Ki (y? or z?) Og dS — tf x oi Q, +29, ) dS = 0 (9) 





_of other plates was neglected. That is a very crude mod 



















w of components Ox, @,, @,, can be the rotation vec 
any plate relative to a reference plate (the Antarctic pl 
these computations), and Q,, of components a, b, c can 
‘absolute’ rotation vector of the reference plate. Then: 


©, +b Q,=0@,+c¢ (10) 
As: 


ff xy dS = ff xzdS = 0 
ff (vy? + 2?) dS = 8n/3 (11) 


it follows that: 


a = — 3/8n ff O° + 27) wo, dS 
i + 3/8n ff xO o, + z @,) d§ 


with two similar relationships for b and c, obtained b 
muting x, y, and z. ce 


Comparison with former estimations 
In an earlier publication’ the two-dimension 


equation (1) has been extended to cover the wh 
the plates of the equatorial zone were considered, anc 





‘cylindrical Earth’. This procedure was equivalent to negle 
the second integral on the right hand side of equation { 
there were a very large number of plates, with random 
vectors, this second integral should in fact vanish. 
McKenzie® has suggested that the term ‘polar wand 
which described the motion of the pole relative to a frame 
reference, should be defined such that f 


ffads =0 13) 


In other words, he defines ‘absolute’ velocities sol T 
drift by: | 


a= — 1/S ff ods (14) 


To study of the causes of polar wandering it seems pre! 
to use equation (12) instead. ‘Polar wandering’ would t 
the motion of the pole relative to the bulk of the 
excluding its outer viscous shell, that is, relative to t 
body which carries most of the Earth's momentum. It: 
from equation (7) that both definitions would be iden 
OM - Q a 0 for all of the plates. This, however, is not. 

The computation has been done using Chase’s determi 
of the relative rotation vectors’, which takes into accou 
velocities at the ridges (deduced from the magnetic linea! ae 
of the ocean floor) and the direction of the transform faults, __ 
but which does not use data on the migration of volcanism - ae 
(which may then be used as an independent check). To render 
the integrals discrete, the Earth’s surface has been divided into __ 
bands of 5° of latitude, and for each band the boundaries eee 
between the plates have been located to within 1° of longitude. 

Table | gives the ‘absolute’ rotation vector of the Antarctic 
plate according to McKenzie’s definition (equation 14), to the EE 
two-dimensional approximation, and to my present theory 
(equation 12). The differences are not negligible. Table 2 gives 
the relative rotation vectors calculated from Chase’s data, and 
the absolute rotation vectors according to my present theory. 














Table 1 Absolute rotation vector of the Antarctic Plate | ao~ 
degree ~! yr 74) : 
McKenzies ° Two-dimensional Present 
definition model] theory 
a ~-0.622 — 0.549 —0.207 
b -0.079 — 0.223 —0.394 
C 2.381 2.539 2.658 


amana AAAA NOROAAAAAn 
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Table 2 Relative and absolute* rotation vectors (10 7 degree ~> yr?) 








Plate and area @ relative Y, relative to the lower mantle 
(Earth’s to the Cartesian Spherical 
surface = 41) Antarctic coordinatest coordinates 
Plate 
Ox = 0 Q. = — 0.21 A 81° 
Antarctic 1.431 O, = 0 Q, = — 0.39 ọ= — 18 
oO, = Q, = 2.66 (= 2.70 
0.42 0.22 —10 
American 2.627 — 4.39 --}.78 = 83 
— 2.96 —0.31 1.82 
— 1.01 —~1.21 41” 
Eurasian 1.689 = 0.72 -Hi  -=— 138 
— 1,21 1.45 2.19 
~O.98 = 1.18 — 65° 
Pacific 2.743 3.20 2.80 113° 
9.18 — 6,52 7.19 
1.64 1.43 45 
African 1.944 -2.03 æ 2.43 — 59 
0.18 2.84 4.00 
Indian 1.637 5.70 5.49 37° 
2.54 2.15 oa 
1.79 4.45 7.39 
Cocos 0.095 6.90 -7.10 24 
— 15.02 —~15.42  — 115° 
4.74 7.40 18.52 
Nazca 0.400 ~190 o = 2.11 50° 
— 4.26 —4 65  - 114 
3.38 6.04 7.9) 





* According to present theory. __ 
+ x—axis points towards O” N, O° E; y-~axis towards O” N, 90° E; 
z—axis towards 90° N, O° E. 


It seems that the South American plate, because it has a pole 
of rotation on itself, and the Antarctic plate, because it has a 
pole of rotation very near itself, are almost motionless. (Some 
symmetrical, eastward motions are occurring in Patagonia and 
the Antarctic Peninsula. These increase towards the Drake 
Passage.) Africa and the Indian Plate are moving towards the 
north-east, Europe towards the east, Indochina and Indonesia 
towards the south-east, and Alaska towards the south. This 
asymmetry of absolute motions on both sides of the Pacific 
Ocean may be related to the asymmetry in the slope of the 
descending slab!*. Any descending slab should have a tendency 
to sink vertically downwards under its own weight. Neverthe- 
less, if the trench is moving towards the ocean, the horizontal 
velocity of the trench must be added to the vertical velocity, to 
give the slope of the slab. This should be the case on the 
western side of the Pacific Ocean. There, the absolute velocity 
of the Eurasian plate, and the extension of the marginal seas 
(which has its own causes), add together to give a large eastward 
absolute movement of the Japanese~Kuril Trench. Thus, the 
sinking slab under the Japanese sea has a uniform slope of 30° 
until its very end, at a depth of 600 km whereas the lower end 
of the sinking slab under South America is almost vertical. 


Comparison with migration of volcanism 

If àp and , are the latitude and longitude, respectively, of a 

pole of absolute rotation, then its distance, y, from a point, 

à, ©, in the corresponding plate is given by the relationship: 
COS Y = COS A COSA, COS (P— Op} ~ sin A sin A, (15) 


The absolute velocity, u,, at (A, @) is then 
u, = (10/9) Q sin y cm yr (16) 


where Q is expressed in 1077 degree yr™ 
The azimuth (angle with the meridian) A is given by: 


cos A = (Q, sin p—Q, cos @) / Asin y (17) 
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yr, A = 65° 1/4. These values may be compared with those 
deduced from the hot spot theory". The azimuths are correct 
to less than 1°, and the velocities are within the limits of 
confidence. 

According to our theory, the absolute motion of the Cocos 
Plate at the Galapagos Islands is 11.4 cm yr™ (A = 48° 3/4), 
and the absolute motion of the Nazca Plate at the same point is 
7.1 cmyr™ (A = 71° 3/4). According to Johnson and Lowrie", 
the Galapagos hot spot is generating the Cocos and Carnegie 
Ridges. Our azimuths coincide exactly with the Cocos and the 
Malpelo Ridges. This is consistent with the idea that the Malpelo 
Ridge was formed in former times by the Galapagos hot spot 
on the Nazca Plate, to become extinct when the boundary 
between both plates, migrating northwards, crossed the ridge. 
The Carnegie Ridge would be a distinct feature, probably an 
extinct ridge like the Alpha Cordillera of the Arctic Basin. 

The Walvis Ridge is composite, and does not present a 
clearcut migration of volcanism'’, Nevertheless, my theory 
provides a correct azimuth for its southern part (55°; u, = 4.4 
em yr). 

Lastly, Duncan er al. have discussed the migration of 
volcanism in central Europe. Using my theory the absolute 
motion at its western extremity (the Eifel), is 2.4 cm yr“ 


migration of volcanism, but the direction is consistent with that 
at the western tip of the volcanic range only. But the central 
European volcanics do not lie on a straight line, and the opening 
of the Atlantic may have seriously changed the plate motion 
in the past, and so the fit is satisfactory. 

Thus, for five plates out of eight, in the instances in which, a 
check is possible, the absolute movement deduced from our 
theorem is consistent with that deduced from the migration of 
volcanism. This cannot be mere coincidence, and strengthens 
the idea that our assumptions are sound: there are no lateral 
variations in the viscosity (except in a few anomalous areas), 
and the lower mantle is rigid enough to act as a frame of 
reference for plate motions. This means that in the future, the 
determination of absolute velocities could have two important 
uses. First, they can be used to distinguish recently active 
voleanic chains which are created by hot spots, in the lower 
mantle, from other volcanic chains. Second, they could be used 
to calculate movements in the asthenosphere near sinking slabs 
and marginal basins, taking into account the absolute velocity 
of the trench relative to the rigid lower mantle. Such a calcula- 
tion has never been done so far. 

I thank Miss Discrescenzo for computing the integrals 
giving Q,. Discussions with colleagues have helped to improve 
the presentation. 
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A 3.5A resolution electron density map of yeast phospho- 
glycerate mutase has been calculated which shows that 
much of the tertiary structure of this enzyme resembles 
that found in a number of nucleotide binding enzymes 
although the mutase itself has no known nucleotide 
binding requirement. 


Pee en ne PEER OO ECE PE oe AE AEA eee Te Tee Te 
THE extension of the three-dimensional study of the 
structure of yeast phosphoglycerate mutase (PGM) by 
X-ray diffraction to 3.5 A resolution gives us the first 
opportunity to report some of the structural details of a 
‘mutase’ enzyme. Rather unexpectedly we find that the 
most striking structural feature of the enzyme resembles 
that found in certain enzymes which bind nucleotides". The 
phosphoglycerate mutase reaction, 
3-phosphoglycerate ==> 2-phosphoglycerate, 

uses the cofactor 2,3-diphosphoglycerate and has no 
apparent nucleotide requirement. The results of the present 
study could therefore provide an important clue in the 
puzzle of enzyme evolution or alternatively strike a note ‘of 
caution against over interpretation of results where struct- 
ural similarities are involved. 


Structure determination 


The reflection data were measured, in four shells of 
increasing resolution, on a computer-controlled four-circle 
diffractometer. The potassium mercuriiodide derivative 
used in our earlier studies‘ has now been replaced by a 
potassium chloroplatinite (5 mM) complex. This new deri- 
vative showed better isomorphism than the mercuriiodide 
derivative though in two experiments it was observed that, 
after a crystal had been exposed to X-radiation for about 
60 h, there seemed to be a rapid and substantial change in 
the cell parameters. The relevant parameters for the new 


teemana 








Table 1 Summary of phase refinement 
iE ES A EER UR Se Oe 
Shell number | 2 3 4 
Resolution range 6.0-15.0A 44-60A 3.8-44A4 34.384 
No. of reflections 1,438 2,242 2,134 2,039 
K.Hel, 0.50 _ m — 
R fac-< KUO, F; 0.41 0.47 0.52 0.49 
tors {K,PrtCl, _ 0.45 0,58 0.65 
(K,Hel, 0.45 a ~— — 
Ef K ,UO.F, 0 32 0.43 0.46 0.43 
KPtcl, m 0.40 0.51 0.61 
Average figure of 
merit 0.82 0.83 0.78 0.77 
Averaged heavy atom parameters 
Site Relative 
Derivative number occupancy 
x y Z 
KaUO,F, | 1.00 OIS  — 0.220 0.315 
H 0.94 0.164 0.220 0.313 
KHgl; ] 0.57 0.020 — 0.120 0.026 
H 0.75 0.020 0.130 0.025 
HH 1.36 0.183 0.001 0.367 
IV 0.76 0.310 0.771 0.142 
K.Ptcl, i 0.73 0.060 ~— 0.085 0.309 
| H 0,79 0.237 e 0.088 0.287 
IH 0.15 0.429 0.795 0.076 
IV 0.15 0.142 0.704 0.059 





: = 96.6A, b = 86.0A, c = 81.8A, B = 120.6". 
‘al 2 fold axes at y = 0.0, E r.m.s. lack of closure error, f r.m.s. 
atom structure factor. 
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derivative are included in Table 1 which summarises the 3.5 


Å resolution refinement results. Anomalous. dispersion 
data were measured for both the K;:UO.F;. and KoPtCh | oe 
derivatives. Since our earlier paper we have redefined the — ~ 
origin of the unit cell to coincide with the molecular centre 
of the tetramer. Independent phase refinement was carried 
out for each of the four resolution shells of reflec 

cycles of maximum probability phase refinement be 
alternated with the least squares refinement of the 
atom parameters’. The four sets of phased reflectio 
scaled together using reflections, measured fro 
crystal, covering the complete resolution range 

electron density map was calculated using cen 
for nearly 8,000 reflections (average figure o 
and plotted on perspex sheets, stacked perpendicular 
crystallographic two-fold axis, on a scale of 0.5 cm pe 


fr 











Fig. 1 Part of the yeast phosphoglycerate mutase 3SA oi 
electron density map sectioned normal to one of the local- 
molecular two-fold axes, The other local two-fold axis relätes 
subunits I and H, and Ia and Ila respectively. The direction _ 
of the crystallographic two-fold axis, Y, is also indicated. 


Electron density map : 

Detailed visual inspection of the averaged and normal 
electron density maps showed no significant differences 
between the two subunits within one asymmetric unit, thus 
confirming the 222 symmetry of the PGM tetramer indi- 
cated in the previous structural work on the enzyme*”’, 
Part of the electron density map showing the local 


two-fold symmetry is reproduced in Fig. 1. The fact that 


the two non-crystallographically related but chemically 
equivalent subunits have apparently identical conforma- 
tions gives us confidence in the accuracy of the structure 
determination and also indicates that the conformation of ` 
the subunit is stable and not unduly influenced by inter- ~ 
molecular forces within the crystal. f 
The subunits were named as shown in Fig. 1 with I and 
I] being a pair of subunits in an asymmetric unit and with 
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Fig. 2 Schematic representation of the structure of yeast 
phosphoglycerate mutase showing its regions of secondary 
structure. These regions are numbered from the N-terminal 
end of the polypeptide chain with Al-A6 being a-helices, 
BI-B6 being strands of the B-pleated sheet and LI-L4 
being surface loops. The extent of each element of secondary 
structure can be calculated from the residue numbers 
marked on the figure. The area enclosed by the broken circle 
indicates the proposed region for the active site of the 
enzyme, 


Ia and Ia being related to them by the crystallographic 
two-fold axis. A reasonable course was followed for the 
polypeptide chain throughout subunit H. In the few places 
where the interpretation of the map required that the 
polypeptide chain had to bridge a small gap in the electron 
density, it was usually found that the density in the map 
associated with the corresponding point in subunit I was 
continuous, The interpretation of the electron density map 
for subunit II fitted equally well the density associated with 
subunit I apart from small regions near the chain termini. 
These are at the surface of the molecule where, in general, 
the electron density is slightly less well defined than for the 
interior of the molecule. There is no suggestion, however, 
that the conformations of the subunits are fundamentally 
different. 

The positions of many side chains were clearly visible in 
the electron density map and this information was used to 
determine the probable chain direction in all major helical 
regions. In each case the direction was consistent with the 
interpretation of the map based merely on the continuity 
of the electron density. Throughout the map, coloured 
markers were placed on the probable a-carbon atom posi- 
tions indicating a total of 220 residues, some 30 less than 
has been predicted for this enzyme subunit based on 
molecular weight and amino atid composition data’. 
Although a number of forms of the enzyme have been 
reported" in which up to nine residues have been removed 
from the subunit by autolysis, the present crystallographic 
result would suggest that the molecular weight may be 
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slightly lower than 110,700. 

In yeast PGM there are six strands forming a -pleated 
sheet. The first four strands encountered when tracing the 
chain from the amino terminus are all parallel and the 
remaining two strands form an antiparallel pair (Fig. 2). 
There are five a-helical regions flanking the pleated sheet 
region (Fig. 3a, b) and, in addition, a further a-helical 
region making six in all. These a-helices together with 
helical segments in the regions 11-15 and 108-113 (Fig. 2) 
account for some 80 residues which, when taken with the 
27 or so residues contained in the B-pleated sheet region, 
indicate that almost half the residues in the molecule are 
involved in some form of major secondary structure. 

The contact between the mutase subunits related by the 
crystallographic two-fold axis is not very extensive involving 
mostly the loop L3 (for nomenclature see Fig. 2) from each 
subunit and the helix A5. The contact between the sub- 
units I and H is much more extensive and involves the side 
chains of helix A2, the main chain leading into helix A2 
and the main chain coming out from this helix which also 
forms one edge of the B-pleated sheet. The quaternary 
structure of yeast PGM is illustrated in Fig. 4. 





Fig. 3a, Complete mutase subunit in which strands of the 
B-pleated sheet have been emphasised as thick shaded lines 
and in which the a-helices on either side of the B-pleated 
sheet have been drawn with thick black lines. b, First 185 
residues of the mutase subunit drawn in a simplified manner 
to illustrate the chain folding within this region of the 
subunit. The helices are labelled using the nomenclature 
defined in Fig. 2. cg First 165 residues of the lactate dehyd- 
rogenase structure drawn for comparison with the mutase 
subunit in a. The coordinates used in preparing this drawing 
were from Adams et al.. d, First 150 residues of LDH 
drawn diagrammatically for comparison with the part of 
PGM illustrated in b. The helices are labelled using the 
nomenclature of Rossmann et al.’-’. 





Mutase structure 

In the absence of primary sequence data and conclusive 
substrate binding work the most interesting result of the 
current study is the striking resemblance that part of 
the mutase structure seems to bear to a structural feature 
found in the dehydrogenases’ and the kinases®” in which a 
region of -pleated sheet flanked by a-helices seems to 
have a common folding pattern. Detailed. comparison (Fig. 
3) of part of the mutase structure (the first 185 residues 
involving the first four parallel strands of the B-sheet and 
helices AI-A6) and part of LDH (the first 150 residues 
involving the first five parallel strands of the B-sheet and 
helices aB-aF) suggests that the similarity is more than 
superficial as evidenced by the fact that the helices Al, 
A2, A4, AS and A6 of. PGM are connected in the same 
order along the polypeptide chain as the corresponding 
helices in LDH. There are however significant differences, 
namely that, in the region described, PGM has one less 
strand in the -sheet and the order of the strands in the 
sheet is not the same. We cannot see how the present 
_ electron density map can be reinterpreted to give the exact 
- LDH folding but it is nevertheless quite possible that the 

“mutase folding, as reported here, has evolved from a pro- 
tein with LDH folding. The change would have resulted 
- from the insertion of a loop of about 35 residues in a 
= position near strand BD causing this strand to be dis- 
rupted from the -sheet with the consequent rearrangement 
of two of the remaining strands as shown in Fig. 5. 

It is also interesting to note that the substrate binding 
region tentatively proposed for the mutase in our earlier 





Fig. 5 ‘Diagrammatic representations of the first 150 
residues of LDH (a) and of the first 185 residues of PGM (b) 
showing that the two structures have the same linear con- 
= nectivity even though the order of strands in their B-pleated 
sheets is slightly different. Strands of the B-pleated sheet 
are lettered according to the LDH numbering scheme!? 
although the prefix B has been omitted. The flanking helices 
(see text) are shown above and below their respective 
pleated sheets. 





Evolutionary significance 


Sasaki, R., 








Fig. 4 A stereograp 
the yeast phosphoglyce 
tetramer. All four subunits are drawn s 
as being identical. The view is chosen). 
to give as clear a picture as possible 

of the inter-subunit contacts. * 














paper" is in a closely similar position relative t 
structure as that found for the nucleotide sub 
both the kinases and dehydrogenases'™’. i 


It has been suggësted™"® that the aæ-B structure, ob eA 
first in the dehydrogenases and more recently in the kinases 
is a common feature of these enzymes relating their nus 
tide binding function. The presence of a similar feat 
the mutase, where no nucleotide binding is requir 
gests that this particular structural feature is ance 
formed stable conformation which could serve as-a suit 
core for building intracellular enzymes but may also reflec 
an ancestral gene from which enzymes in one or a group 
of related biochemical pathways have evolved. = 

We thank the Science Research Council for financial 
support. "o appia 
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Covering con A binding sites on virally transformed 
mouse fibroblasts with succinyl con A has no significant 
effect on their growth pattern. 






























CULTURED mouse 3T3 fibroblasts and their viral transfor- 
mants, SV40-transformed 3T3 (SV3T3) and polyoma-trans- 
formed 3T3 (Py3T3) cells, serve as models to demonstrate 
the differences in growth control between normal and 
© malignant cells'’. Under normal culture conditions the 
growth of 3T3 cells and SY3T3 cells is controlled by 
i serum or factors™*, < As these factors become exhausted, 


: without: loss of viability’. Under identical con- 
3 cells grow to a much higher cell density 

i jist: as a result of a reduced serum requirement’. 
T3 cells d do not arrest in the G: Ae as serum factors 


“tination of cells 


Lectin concentrations (4g mi~’) 
A 


Succinyl con A Con 
250 10 
> 1,000 50 





Cells were removed from the dishes by successive washes with 
0.15-M NaCi-0.01 M sodium phosphate pH 7.2 (PBS) and with 
containing 5x10~* M EDTA, followed by a 10 min 
bation at 37° C in PBS containing 5 x 10-5 M EDTA”. The 
“Suspension was washed once with PBS and the cells 
uspended at 2x 10° cells mi~. Agglutination assays were 
performed in Linbro 16 mm multi-well tissue culture plates”. 
Cells (0.2 ml) were mixed with lectin (0.2 ml) and the trays placed 
on a rotary table (1-2 Hz) for 20 min at room temperature 
Agglutination was estimated using an inverted light microscope. 


ee It is possible that changes in the cell membrane are 
responsible for malignant growth”, Recently it was re- 
<>: ported that, Py3T3 cells grown in the presence of tryp- 
—sinised concanavalin A (con A) revert to normal growth”. 
Native con A is a plant lectin which binds terminal 
a-p-glucosyl and «-p-mannosyl sugar residues‘*’, and it 
<o was suggested that the binding of trypsinised con A to 
T glycoproteins on the surfaces of Py3T3 cells caused the 
:=yeversion to normal growth. 
-Although originally described as monovalent, subsequent 
ee characterisation has shown that protease-treated con A 
os a ite Sage mixture which easing wemouued heel 









meric mapleculs i a Sine with the same binding 
è native a o me eign 








: = A a ot al specificity | to that 
the native lectin, we tested its effects on the growth of 
rm mal and transformed cells. 


Agglutination and lectin binding 


Agglutination studies and lectin binding assays were per- 
formed with succinyl con A to find conditions under 
which the con A binding sites on the cell surface of SV3T3 
cells could be covered without inducing cell agglutination. 
Twice crystallised con A (Miles-Yeda, Kankakee, Illinois) 
was used without further purification; succinyl con A was 
prepared and characterised as described”. Cells from con- 
fluent cultures of 3T3 and SV3T3 cells were used in the 
agglutination assays and the specificity of the lectin-induced 
agglutination was demonstrated by the inhibition of agglu- 
tination by 100 mM methyl «-p-mannoside. Though con A 
agglutinated SV3T3 cells at a concentration of about 
10 ag ml~', the concentration of succinyl con A required to 
give detectable agglutination was about 250 »g mil” 
(Table 1). Succinyl con A at 1 mg ml“ did not agglutinate 
3T3 cells. 

The binding of “C-succinyl con A and I-con A to 
almost confluent 3T3 and SV3T3 cells attached to plastic 
tissue culture wells was measured in PBS at 4° C. Low 
temperature was chosen to minimise endocytosis of lectin 
molecules bound to the cell surface’. Since the binding 
of succinyl con A and con A was complete after 30-40 min, 
cells were incubated with various concentrations of lectin 
for 50 min. Although succinyl con A did not agglutinate 
cells as efficiently as the native lectin, succinyl con A bound 
almost as well as con A to the surface of SV3T3 cells (Fig. 
1), and in other experiments bound to the surface of 3T3 
cells as well as the native lectin. 

Binding experiments were also carried out in PBS at 
37° C in the presence of 10% calf serum to measure 
binding under the conditions of the growth experiments 
described later. Under these conditions succiny] con A 
bound more efficiently than the native lectin although 
the maximal number of molecules of either lectin bound 
under these conditions was slightly reduced: at a concen- 
tration of 100 „g mi~ succinyl con A, 4.2 10° molecules 
per cell were bound and more than 90% of the available 
binding sites were saturated. 

Competition binding studies were carried out to confirm 
that succinyl con A bound to the same receptor Sites as 
the native lectin. Succinyl con A could inhibit the binding 
of at least 60% of the ™I-con A molecules which bound 
to SV3T3 cells (Fig. 2). Succinyl con A did not, however, 
inhibit binding as efficiently as the native lectin. Taken 
together the results of the agglutination studies and binding 
experiments suggest that succinyl con A can be used to 
cover con A binding sites on SV3T3 and 3T3 cells without 
inducing cell agglutination. 


Growth studies 


The effects of succinyl con A on the growth of SV3T3, 
Py3T3 and 3T3 cells have been observed over a wide 
range of succinyl COn A concentrations and under a 
variety of different growth conditions. For most experiments 
the effects of succinyl con A at a concentration of 100 ag 
mi- were tested since the binding studies showed at this 
concentration more than 90% of the maximal ‘number: of 
succinyl con A molecules were bound. Fa ae 
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3T3 cells and SV3T3 cells were obtained from Dr R. Dul- 
becco, and Py3T3 cells from Dr W. Eckhart. Cells were 
maintained in Dulbecco’s and. OEY s modification of Eagle’s 
medium supplemented with 10% calf serum, 250 units ml’ 
penicillin and 50 sg mi streptomycin at 37° C in a 
water-saturated atmosphere at 10% CO, and. 90% air. 








No mycoplasma were de ected by autoradiography. Cells 
in. 30 mm Nunc. plastic tissue _ 


(3-5 10") were seedec 
culture dishes in 1 ml. of- culture medium. containing 
10% calf serum. The : 
replaced with fresh medium (2 ml) containing 10% calf 
serum and the required concentration of succinyl con A. 

















Cell number in duplicate cultures was. determined daily 
by removing the cells from the dishes with 0.05% trypsin 
‘Similar 


and counting the cells in a Coulter counter. 
results were obtained if replicate cell counts. were made 
on cells removed from the dish with trypsin errian 


(Molecules per cell) x 1076 





Lectin concentration (ug mln? 3 Siete a 


Fig. 1 Binding of uC. duceinyl con A (©), and keon A. 
(@) to SV3T3 cells. Lcon A (specific. activity 7x105 
cpm. g`’) was prepared by the method of Me ~onahey 
cand Dixon**, and purified by affinity chromatography on. 

Sephadex. 

 6x10© cpm. pg} Was prepared using "Csuecinie | 
anhydride (New England Nuclear). All lectin solutions were- 

- filtered through 0.45 um Millipore filters just before use. 
Cells were grown to 1 x 10°-2« 10° cells per well in 16 mm 
plastic multi-well tissue culture plates (Linbro, Los Angeles). _ 
Cell monolayers were washed twice with PBS (1 ml) and 
incubated with lectin in 0.3 ml PBS for 50 min at 4° C. 
After incubation cells were washed five times with PBS- 
(1 ml), removed from the wells by overnight. incubation | 
with 10% Triton X-100, and the radioactivity bound-to: the 
cells determined. Nonspecific binding to the cells. was — 
determined as the residual binding in the presence of 
100 mM methyl a@-p-mannoside. Nonspecific binding- of 
Icon A was less than 10% of the total radioactivity 
bound in the absence of methyl a-p-mannoside. Nonspecific 
binding of “C-succinyl con A was 10-20% of the total 
radioactivity bound, The results reported are corrected for 








nonspecific binding of the lectins to the cells. Other control . | 


experiments showed that in the absence of cells icon A 
and ''C-succinyl con A bound to wells which had contained 
only culture medium at 37° C for 24 h. The bound lectin, 
which was directly proportional to the concentration of free 
lectin, was reduced by 100 mM methyl a-p-mannoside. 
Because it is difficult to estimate the contribution of the 
lectin binding to the plastic (or serum glycoproteins 
adsorbed to the plastic) in the presence of cells, we have 
not made a correction for nonspecific binding to the wells. 
The maximum contribution of lectin bound to the plastic . 
was less than 10° of the total radioactivity measured for. 
the binding of "Icon A and between 10-30% of the total. 
radioactivity measured for BN binding of “C-suctinyl 
j con 


xt day (day 0) the. medium. was 


bition of binding a oe 


at ta low density and maintained viability. The effects of : 


HC-succinyl -con A (specific activity 25. aoo: 


and a 


(Cells em=)x 10-4 









. Lectin concentration (ug mi~?) 


Fe 2 “nh o of the binding of Icon A (20 ug mi-?) : 
to SV3T3 cells by succinyl con A (@), and the native lectin — 
(Oe Competition ` binding studies were carried out as- 
‘described for direct binding studies. 5Leon A and com 
> peting lectin were added to the cells as a mixture in 0.3 ml 
PBS. No corrections: for nonspecific: binding. were made. 





50. mM. methyl z-p-glucoside to prevent possible lectin- 
induced agglutination of the trypsinised cells, s 

The growth rate and maximum cell density of. SV3T3 
cells and 3T3 cells was slightly reduced by succinyl con A 
(Fig. 3). But SV3T3 cells treated with succinyl con A at a 
concentration of 100 »g ml”’ still grew to a high cel 
density before. growth: ‘stopped and the cells began to- 
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‘Time after succinyl Con A {d) 


“Pig 3 Effect of succinyl con A (100 ug ml~*) on the 


-growth of SV3T3 and 3T3 cells. TO) SV3T3: (@) SV3T3 + 


100 ug mi~ succinyl con A; (D) 373; (WH) 3T3 +100 ug mi! 
succinyl con A. 
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“Fig. 4 4 Effect of succinyl con A (100 pg mi-*) on DNA 
synthesis in. SV3T3 and 3T3 cells. (©) *H-thymidine in- 
“corporation (ce. ae per 10° cells) of cells grown without 
-succinyl con. (@) *H-thymidine incorporation of cells 
-grown with: 100 ug mi-* succinyl con A; (C) cell density 
in the absence of succinyl con A; (W) cell density in the 
-presence of succinyl con A. Cells were grown in | ml of - 
. culture medium which was not changed during the 
: experiment. 


‘succinyl con A on the growth of both cells could be 
Hepa Y abolished by 50 mM methyl «-p-mannoside in the culture 
medium demofastrating that specific binding of succinyl 
con A to the cells was necessary to produce the effects 
Qn growth. Succinyl con A had no detectable effect on 
ore other the morphology of individual cells or cell cultures. 
In the experiment shown in Fig. 3 the culture medium 
was” unchanged © ‘throughout the experiment. In other 
` = experiments with SV3T3, Py3T3 and 3T3 cells, medium 
‘was either partially or completely replaced daily with 
ae fresh medium containing the same concentration of suc- 
: cinyl con A. The results of these experiments were the 
‘Same as those shown in Fig. 3, except that, as expected, 
It cells grew to higher cell densities. It is therefore unlikely 
hat the reason succinyl con A has little effect on _the 
growth of SV3T3 cells or 3T3 cells is because it is being 
-rapidly degraded by proteolytic enzymes either of cellular 
origin or present in the serum. In experiments in which 
‘culture medium was replaced daily, SV3T3 cells, and to a 
desser extent Py3T3 cells, treated with succinyl con A 
‘showed a variable tendency to detach from the dish immedi- 
tely after the culture medium was changed so that ex- 
riments with these cells were sometimes difficult to follow 
' the. desired time. 
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In ee ER A in whieh: the succinyl con A dose 
was varied, 200 ag ml~! succinyl con A (the highest dose 
tested) inhibited growth of 3T3 and SV3T3 cells only 
slightly more than 100 ag mi™' succinyl con A. When the 
degree of growth inhibition was plotted as a function of the 
succinyl con A concentration a saturation curve was obtained 
which closely resembled the succinyl con A binding curve 
(Fig. 1). This provides further evidence that the inhibition of 
growth results from the binding of succinyl con A which 
occurs to an- extent predicted by the binding assays. In 
contrast to the effects of trypsinised con A on the growth 
of transformed and normal cells previously reported", 
succinyl con A inhibited the growth of normal and trans- 
formed cells to the same extent at each concentration 
tested. 


Cell cycle analysis 
In some growth experiments the rate of DNA synthesis 
in cell cultures was estimated in replicate cultures by 
measuring the incorporation of *H-thymidine (2.5 pM; 
1.0 Ci mmol") into trichloracetic acid-insoluble material 
during a 2 h period (Fig..4). Daily determinations were made 
in triplicate. The rate of cellular DNA synthesis remained 
relatively constant during the first two days of culture 
when the cells were growing exponentially, As growth 
slowed there was a large decline in DNA synthesis in 
cultures of 3T3 cells and SV3T3 cells whether or not the 
cells were grown in the presence of succinyl con A. 
Although DNA synthesis declined in cultures of both 
normal and transformed cells, microfluorometric cell cycle 


= analysis™! revealed a profound difference in their growth 


pattern (Fig. 5). As 3T3 cells reached their saturation 
density and *H-thymidine incorporation dropped, there was 
a progressive reduction in the proportion of cells in S phase 
and an accompanying increase in the proportion of cells 
in Gi phase. In contrast, no change in the distribution of 
SV3T3 cells throughout the cell cycle could be detected 
as their growth slowed. Succinyl con A had no effect 
on the cell cycle distribution of either cell type at any stage 
of growth. 

The results from microfluorometric analysis and °H-thy- 
midine incorporation are consistent with current know- 
ledge of the growth patterns of SV3T3 cells and 3T3 cells. 
3T3 cells stopped growing as serum factors are depleted 
and arrest in G; phase*’, whereas SV3T3 ceils continue to 
grow and eventually die. The dramatic drop in *H-thy- 
midine incorporation as SV3T3 cells reach saturation density 
represents an extreme example of the lengthening of all 
stages of the cell cycle as nutrients begin to limit their 
growth®’. 

Our studies provide no evidence that succinyl con A, 
which binds to con A binding sites, restores the growth 
pattern of transformed cells to normal. These results are in 
conflict with the hypothesis that covering of the con A 
binding sites on virally transformed cells restores normal 
growth 3, This hypothesis was based upon the effects of 
trypsinised con A on the growth of Py3T3 cells. Although 
we used SV3T3 cells in most of our experiments, in other 
experiments Py3T3 cells treated with succinyl con A also 
grew to a high cell density. Thus the inability of succinyl 
con A to restore normal growth seems to be a general 
phenomenon. 

Several explanations could account for the different 
effects of succinyl con A and trypsinised con A on cell 
growth. Because of the heterogeneity of the con A binding 
sites and the failure,to completely inhibit ““I-con A binding 
with succinyl con A, we annot formally exclude the 
possibility that succinyl con A and trypsinised. con A bind 
to different fractions of the total receptor 1 population. It 
should be stressed, however, that this is. ani unlikely 
explanation because although no quantitative ‘studies on 
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Fig. § Cell cycle analysis of SV3T3 and 3T3 cells grown 
with or without succinyl con A (100 yg mi~’), Cells were 
. „prepared for flow microfiuorometry as described?! Cells 
were removed from the dishes, fixed with formalin and 
stored at 4° C until the end of the experiment. Cell samples 
_ were then stained with acroflavine, resuspended in water 
and analysed for DNA content using a flow microfluoro- 
meter equipped with an argon laser (A 488 nm)". The vertical 
bars represent the percentage of the cell population in Gi, 
S and G:+M stages of the cell cycle during exponential 
growth (day 1 or 2) and as the cells reach saturation density 
(days 4 and 5). Open bars: untreated cells; hatched bars: 
cells treated with succinyl-con A. The results are the 
average values from three experiments +1 s.e. 


the binding of trypsinised con A to the surface of trans- 
formed cells have been reported, Burger and Noonan" 
observed a graded response of cell growth to different doses 
of trypsinised con A, 10 ag ml” trypsinised con A sig- 
nificantly reducing the saturation density of Py3T3 cells. 
Binding experiments (Fig. 1 and ref. 24) show that even 
the native lectin at a concentration of 10 »g mi~ saturates 
less than 25% of the con A binding sites. No differences 
in the binding of succinyl con A and con A were observed 
until a lectin concentration of 50 »g mi? when more than 
50% of the con A binding sites were occupied. 

-Alternatively succinyl con A may bind to the same sites 
as trypsinised con A but after binding behave differently. 
For example, succinyl con A, in contrast to the native 
lectin, neither induces clustering of its own receptors nor 
inhibits clustering of immunoglobulin receptors on the sur- 
face of mouse lymphocytes". If this should be the case then 
succinyl con A will be invaluable in identification of the 
biologically significant events which occur after the binding 
of mpi’ con A. 
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A third possibility is that normal growth control is not 
restored by treating transformed 313 cells with tryp- 
sinised con A but that trypsinised con A, like the native 
lectin’, differentially kills transformed cells, In the original 
experiments of Burger and Noonan" none of the experimen- 
tal results unambiguously distinguishe: en the possible 
toxicity of trypsinised con A and ‘it ity. to. induce 
transformed cells to arrest in Gy pha and maintain 
viability. In particular, our experiments indicate that a de- 
cline in thymidine incorporation in cultures of transformed 
cells is insufficient evidence to justify the assumption that 
the cells are arresting in G, phase. 

We conclude because of the lack of effect of succinyl 
con A on the growth pattern of transformed cells that it. 
is unlikely that the covering of con A binding sites on 
these cells is alone sufficient to restore normal growth, 
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Redshift of a galaxy near 4C11.50 


Near the position of the radio source 4C11.50, Wampler 
et al? have found a pair of QSOs separated by 4.8 are s, 
with redshifts of 0.4359 and 1.901, respectively. Hazard et 
al? have noted the presence of a 19-mag galaxy, 10 are s 
west of the brighter, lower redshift QSO (4C11.50a); a plate 
obtained with the 224-cm telescope at Mauna Kea shows 
that this ‘galaxy’ is actually a close group of three galaxies. 

Several spectrograms have been obtained at 190 and 50 A 

omm, with the two brighter galaxies aligned along the slit 

‘at position angle 33°. There is a continuum break down- 
wards to the blue at about 5,700 A, and an emission line at 
5,344.9 A: these features can be identified with the long 
wavelength edge of the H and K lines, and with the (O H] 
3,727 doublet, respectively. Assuming an average wave- 
length of 3,727.4 A for the [O H] doublet, the redshift is 
0.4340 (not corrected for galactic rotation). The two galaxies 
on the slit are separated by about 2.5 arc s and are not well 
resolved on the spectrogram, so it is not certain to which one 
the redshift refers. 

The redshift of 4C11.50a itself. determined from the 
sharp [O HI] AA4,959, 5,007 lines, is found to be 0.4358, in 
good agreement with the value of 0.4359 given by Wampler 
et al’, The difference in radial velocity between the QSO 
and the galaxy, in the local rest frame of the QSO, is 
376 km s-'. This observation is consistent with a physical 
association between 4C11.50a and the galaxy, and supports 
a cosmological interpretation of the redshift of the QSO. 

Burbidge’ has pointed out that the sort of galaxy which 
observers tend to select for this sort of exercise is normally 
in the magnitude range which will give it a redshift similar 
to that of the nearby QSO. Although this may be true in a 
rough sense, there cannot be very much accuracy with this 
kind of preselection. Even if the dispersion in the magnitude 
of the galaxies is ignored, these magnitude estimates of faint 
galaxies from casual inspection of the Palomar Sky Survey 
prints are unlikely to have accuracies greater than + 0.5 mag. 
That introduces an uncertainty of approximately + 20 % in 
the redshift, or + 15,000 km s`’ in the relative velocity for 
redshifts near 0.4. 4C11.50a is the third reported case in 
which an intrinsically bright (on the cosmological interpre- 
tation of the redshift) QSO has a redshift within a few 
hundred kms’ of the nearest galaxy visible on the Palomar 
Sky Survey prints. The other two are PKS2251 + 11 (refs 
4 and 5) and 4C37.43 (ref. 6). 

Part of this work was supported by the National Science 
Foundation. 

ALAN STOCKTON 


Institute for Astronomy, 
University of Hawau, 
Honolulu, Hawaii 96822 


Received May 1, 1974. 


? Hazard, ©., Jauncey, D. L., Sargent, W. L. W., Baldwin, J. A., 
and Wampler, E. J., Nature, 246, 205-208 (1973). 

j Burbidge, G. R., Nature phys. Sci., 246, 17-25 (1973). 

t Gunn, J. E., Astrophys. J. Lett., 164, L113-L118 (1971). 

* Robinson, L. B., and Wampler, E. J., Astrophys. J, Lett., 174, 
L83-L86 (1972). 

€ Stockton, A., Nature phys. Sci., 246, 25 (1973). 


ature 








Search for optical pulsations from Cen X-3 


THE optical system recently identified’ with the X-ray 
source Cen X-3 is an obvious candidate for high frequency 
optical studies because it provides the possibility of observ- 
ing optical effects related to the 4.842 s X-ray pulsations’. 
Observations of this object were made at Cerro Tololo 
using an S-20 photomultiplier with no filter and making 
i-ms integrations on to magnetic tape. The data were 
analysed by Fourier techniques similar to those used in the 
HZ Her study’. No clear harmonic activity emerged, and 
the average upper limits of the optical pulsations for three 
sets of data were found to be 0.031%, 0.11%, and 0.14% 
(Table 1). 

ee eee LE Se ae en ome ee aioe EN 

Table 1 Time series observations of Cen X-3 


Starting Upper 
Date Telescope UT Phase* Length limit 
(cm) (min) = (%) 
January 24/25, 1974 152 0528 0.691 50 0.031 


February 21/22, 1974 91 0121 0.024 400  0.Ii 
February 22/23, 1974 91 0133 0.508 400 0.14 
r 
* See ref. 2. 


There is, however, a tantalising peak at exactly the 
Doppler-shifted frequency of pulsation, at the 1.3 © level. 
This appeared for an 8 min interval beginning at 0133 UT 
(phase = 0.508) on the night of February 22/23, 1974 
(Table 1). This ‘activity’, corresponding to a fluctuation of 
0.25%, should be regarded sceptically; it is reported here 
in recognition of the possibility that this object may, like 
HZ Her, display optical pulsations only rarely’. 

The detected optical pulsations in Her X-1 are of the 
same fractional order of magnitude as the observed upper 
limit for Cen X-3 reported here. The X-ray flux from Her 
X-I (refs 5 and 6) is about 2.9 times fainter than that for 
Cen X-3 (refs 7 and 8). The corresponding optical flux— 
corrected for reddening taking A, = 0.3 (ref. 9) and 4.3 
(W. Krzeminski, personal communication) respectively—is 
76 times fainter. Thus, if the pulsed optical emission in 
these kinds of objects is excited by the absorption of X rays, 
than significant optical activity at the present limit of 
detection would require a conversion efficiency about 26 
times greater for Cen X-3 than for Her X-1. Although 
further observational work would increase the chances of 
detecting sporadic activity, a significant decrease from the 
present upper limit is not achievable with available 
instrumentation. 
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Dynamic evidence on | 
_ massive coronas of galaxies 
_ AC LONGSTANDING unresolved problem in galactic astronomy 
-= is the mass discrepancy observed in clusters of galaxies. The 
virial mass of the cluster per galaxy and the mass—luminosity 
=-cratio -are considerably larger than the corresponding 
+ quantities for individua] galaxies. This discrepancy cannot 
be be a result of expansion or be because of the recent origin 
PoE -Justers: 
of the physical evolution and ages of galaxies’. Therefore 
it is. necessary to adopt an alternative hypothesis: that the 
lusters of galaxies are stabilised by hidden matter. 
ie discovery of the emission of X rays from clusters 
, alaxies: can be explained in terms of hot intracluster gas. 
¿mass of this gas, however, is insufficient to stabilise 
sters’, 
nother possible way of removing the mass discrepancy 
uppose that the masses of individual galaxies have 
‘underestimated. This hypothesis is supported by the 
that there is a very slow decrease in the rotational 
y of spiral galaxies, which indicates the pressure of 
“amounts of matter in their outer regions’. On the 
Shand, the discovery of large halos in elliptical 
ies*” indicate that these also contain previously un- 
atter. 
$ ere have been several estimates of the mass of galaxies, 
based on the new observational data mentioned®”. A critical 
: alysis shows, however, that these estimates are very 

































; e here attempt to obtain more exact information on 
distribution of mass in the outer regions of galaxies. 


ne where- Gi iS , the gravity constat. The same formula can be 
- üsed for a nonspherical mass distribution, neglecting an 
error of about 10%. 
Spiral galaxies contain neutral hydrogen and HII regions 
moving in the plane of the galaxy in nearly circular orbits. 
Observations of these objects permit us to calculate the 
function M (R) in some galaxies at rather large distances 
from the centre. We have calculated this for five galaxies 


-of different mass. The results for one galaxy (C342) are _ 


given in Fig. 1. 
“For all galaxies we have also found the mass distribution 
M,(R) of known stellar populations—-the bulge, the halo 
and the disk. We assume that these populations are physi- 
cally homogeneous, in particular that the mass—luminosity 
_fatio of stars is constant for the whole population. The 
ER ‘vant parameters (luminosity, L; effective radius Ro; 
1ass-luminosity ratio, f; axial ratio of equidensity ellipsoids, 
for all of the populations, have been determined from 
d photometric, spectrophotometric, kinematical and 
rvations, using previously described methods” 
ulting mass distribution of Known stars, Ms (R), 
nsiderably from the mass distribution, M (R), 
9m the rotation curve. Rejecting the possibility of 
atic deviations from the circular velocity in the 
of galaxies, we conclude that galaxies contain 

















these ideas contradict our present knowledge 


- are enough pairs in our sample to allow an estimati 
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Fig. 1 The distributions of (a) the inner mass, MOR), ae SiMe 
(b) the circular velocity, V., in the galaxy 1C342,. Dots, 
observed values; dashed lines, model functions for known 
stellar populations; dotted lines, distributions for the corona; 
solid lines, total distributions. In Fig. 1b two variants of oà ăć 
the total velocity distribution are given to demonstrate its 9° ° 
dependence on the central density of the corona. , 


a previously unrecognised, massive population. It is con- A 
venient to call this population a ‘corona”. We “have 
estimated the parameters of coronas for the five galaxies > 
(Table 1) adopting, for simplicity, an exponential 
law 











PIR) = pe exp(—R/Ra) fe ore 
with spherical symmetry. (A small axial ratio, «, would 
result in a large part of the kinetic energy being in the form 
of rotation, although the results of Ostriker and Peebles do 
not indicate this*.) 

The available data permit us to derive the central density | 
of the corona, fc, with great accuracy, The length of 
observed rotation curve, however, is insufficient to allo 
any determination of the mass and extent of the corona, 

To determine total masses and dimensions of aiie 
coronas, more distant test bodies are needed. For this- 
purpose isolated pairs of galaxies can be used, ~ with ; 
secondary galaxies serving as test bodies for determining ne 
the mass distribution of primary galaxies". e 

In the case of double galaxies we know the radial com- 
ponent of differential velocity, v. = AV,. The projection oe 
factor, p = V.’/v,", which depends on the orientation gPa 
the velocity vector and on the shape of the orbit, remains _ 
unknown, but its expected value, <p>, can be calculated. 
Therefore, the mass distribution function can n be found only ; 
statistically: | 





<M (R)> = <p> (Rv,2>/G, cage ee 

where <Rv,*> is the corresponding mean value for’ ae 
sample of pairs of galaxies. 

We have collected data on 105 pairs of galaxies with 
known types, radial velocities and estimates of magnitudes 
and dimensions”. To prevent the sample from contamina- 
tion by optical pairs, only those pairs with signs of inter- 
action or with a small differential motion, AV./V,»<0.23, 
have been considered. The distances have been determined 
from the mean recession velocity, V., using the Hubble 
constant, 50 km s~' Mpc~’. For some nearby pairs. other 
distance indicators have been used. The pairs have. been 
divided into five equal groups according to the radius, R. 
The resulting function <M (R)> is shown in Fig. 2. 

We have also calculated the average mass distribution of 
known stellar populations, M;(R), and have determined 
the distribution of mass in the corona, Me (R) (Fig. 2). The 
resulting central density agrees well with our previous 
estimates from individual galaxies. The use of distant 
satellities as test bodies enables us to derive masses and. 
effective radii of coronas with a sufficient accuracy. Ther 










the masses of coronas’ separately for primary ellipti 
galaxies and also for bright and intermediate spiral ga 
The estimated parameters are given in Table 2. In the case 
of primary elliptical galaxies the total masses of coronas 
may be underestimated. | 
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Fig. 2 The distribution of the mean inner mass, <M(R), 
obtained from 105 pairs of galaxies. Symbols as in Fig. 1. 


The mass of galactic coronas exceeds the mass of 
populations of known stars by one order of magnitude, 
as do the effective dimensions, by a similar factor. 
The central density of coronas is surprisingly constant: 
log pe = —24.5 + 0.1 (gem”™). 

The presence of massive coronas in galaxies considerably 
reduces (if not removes) the virial mass discrepancy in 
clusters of galaxies. The mass-luminosity ratio rises to 
f = 100 for spiral and f 2 120 for elliptical galaxies. With 
H = 50 km s7' Mpc™' this ratio for the Coma cluster is 
` 170 (ref. 1). 


According to new estimates the total mass density of © 


matter in galaxies is 20% 
density. 

The possible physical nature of galactic coronas will be 
discussed in a separate article. 

We are indebted to I. D. Karachentsev, L. M. Ozernoi, 
R. A. Sunyaev, and A. D. Chernin, for valuable discussions, 
and to Mrs U. Riimmel for her help in the preparation of 
data. 
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‘moid mechanism there are several assumptions’. 
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Origin of QSO absorption lines i 


Tue origin of the absorption lines in QSOs, with Za < 
zen has remained a puzzle. It has been suggested that they 
result from intervening matter lying along the line of sight 
but not associated with the QSO'”’. It has also been sug- 
gested that the absorption lines arise ‘locally’ from matter 
expelled from the QSO core". In particular, radiation 
pressure has been proposed as the driving mechanism*~* 
It has, however, been shown that the final velocities 
required by the expelled matter (v: ~ c) for Za» to be 
€ Zə», cannot be attained by radiation pressure’. Alter- 
natively, matter could be accelerated to velocities v; ~ c by 


free electron scattering in the outer region of the QSO , 


core’. — 
„Any model that attempts to explain the formation of 


QSO absorption lines must explain the highly multiple zaps 


spectra that are sometimes seen, and the distribution of the 
multiplicities. At least 10 zany. per QSO are required to 
explain the spectra of the multiple zas QSOs PHL957, 


-Tonl530, PKS0237-23 and 4C05.34 (refs 9-12). 


The observed redshifts, zas (© Zem), in the local inter- 
pretation, correspond to final velocities ve ~ 100,000 km s~* 
and the absorption line widths correspond to velocity dis- 
persions Ay; ~ 30 km s™' (refs 13 and 14). A particularly 
small Av; of ~ 8 km s“' has recently been observed’. The 
basic problem of the local interpretation is to ascertain how 
a cloud be accelerated to final velocities v; ~ c yet have a 
final velocity dispersion Arm, ~ 10%. 

So far the existence of ‘plasmoids’, consisting of rela- 
tivistic particles in a magnetic field, is the only mechanism 
in the local interpretation that has been suggested? to 
decrease the relatively large possible macroscopic or bulk 
motions in QSO clouds (velocity dispersions). In the plas- 
First, that 
an individual plasmoid typically expands adiabatically 
from ~ 5x10" cm to ~ 10° pe: second, that 
~ 10‘ plasmoids form a single cloud of dimension ~ 10° pc; 
third, that inhomogeneities in the magnetic field of the 
single cloud cause density enhancements such that separate 
regions are created with different Zass; and fourth, that the 
different density enhancements have relativistic velocities 
with respect. to one another, thus explaining the large 
differences in the observed Zaps. 

As a possible alternative to that plasmoid mechanism, 
we show here that certain large relative bulk motions in 
QSO clouds can be dissipated without the presence of 


strong magnetic fields and without large adiabatic expan- 


sions. The essence of the argument is that a cloud with 
convergent internal velocities can coalesce inelastically 
because the internal kinetic energy can be dissipated and 
radiated away. 

It is easy to show this when using the known data of 
QSO absorption clouds. I assume that the cloud, with con- 
vergent internal velocities, extends from a distance R: to R: 
from the QSO core, and has a velocity profile that decreases 
with increasing radius (v(R;) > v(R2)). An ion at R, has 
a relative velocity, Ý, with respect to the neutral atoms in the 
cloud, where 0 < $ < },,. The velocity, 3, is the maximum 


dispersion velocity of the cloud nO -= v(R,)) and is taken to 


be large (m > 10c). 

The average energy loss for an ion per neutral atom, (>), is 
approximately inversely proportional to EG vj, where ÊG) i is the 
relative kinetic energy and ? is greater, than a characteristic 
velocity, vo (ref. 16). Thus, EQ) 6) ~ ~ ~ Et Vo) Elvo). Because the 


- relative velocity, #, for an ion at R, varies from 0 to Ŷm, the range 


of the ion in the cloud is of the order 
p= = [pEi v) Ca é v9) fil Rh 


where f is the ETEA of the atoms of. the cloud which : are 
neutral, and #(R,) is the particle density of the cloud. Assuming 
that the cloud thickness, R— R, is comparable to R,, then 


_. odata we can evaluat 
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the condition for the dispersion velocity, fm, to be dissipated is 


n p< R, 


average distance of the absorption clouds from the QSO core! 
n(Ra) is the particle density of the clouds at Ra, and AR, is he 
Shell thickness in which the observed absorption clouds ir 
< found’. A high probability exists for finding absorption he 
- In QSOs with large z. This implies that the observed absorpio 
clouds havea soli rage approaching 4n sr. The 14s 
of the clouds is A We assume that R, < R,Te 
time to expel the clouds of mass M (now. at R,), throgha 
sphere of radius. Ry <.R,,is < Rafyr. Itisalso > M/4nr?v, R). 
The density, #(R,), must therefore obey the relatisstip 
A(R) > NAR o fie i 

The range, p 











on. (1) thus obeys the relatnship 
NaRa. Using existing experiental 
E(v,) for protons in helm as 
ox 100 keV. Thee ons.in helium has been msured 
and found to be ~ 075 cm? eV at 100 k/, and 
—™ 6.5 x 107 cm? eV at 40 keV (refs 17-20). Helium oms in 





-the absorption cloud will be the first atoms to recomhe. and | 





“so € a) ed y 0 x i cath 


gO. : 1? eV can be taken for the eluatior 


evaluated the column deities o 
23 and Ton1530. They find tha 
assume to be true. Bæall anc 
mit of 10% pc on A for th 
assume to be true. Weren hav 
m and y are in units P km s~ 







Na ~ 10" cm 
z Goldsmith®-ple CI dg Q 
-QSO 4C05.34, which we 
and R, is inpe. 
-Reasonable estimates 
example Pm ~ 107e, 
-equation (1) then seems. 
It is of interest to-esti 
that the particles attain ir 
important factor that mu: 
particles no longer travel: 
in a straight line are a ge 
compared to atomic energi 
~-at-very low energies (th 
comparable to /, large 


















Fm, R, and f give Ďm/A < 1 (fo 
<i pe, f ~ 0.01). The cadition ¢ 
be satisfied. — : 

he final equilibrium vocity, te; 
cloud. At very low «ergies, a 
€ taken into accounts that th 
traight lines. Altho traverse 
pproximation wheif is larg 
d), this assumptioss not vali 
hen É ~ 1). Wher£ become 
sfers of momentumean occu. 
Rather than:scattering p ¿in the forward diction, as 4 
_ high energies, the scattering becomes approximaly isotrop: 
for Ê ~ J. If AE is the average energy loss per Glision, the 
‘the energy, AE, will besmall; because most collions at vey 
low energies are elastic. T 











The ratio of the rang p(Ê), ofa 
particle, which occurs when large transfers of mmentum ae 
important to the range of the particle travellingn a straigt 
line, px Ê), is p(EY/p. :) ~ NY? where N ~ E/AEFor examp}, 
if AE ~ 0.1 eV and Æ ~ 100 eV, then the ratio į ~ 1/30. 

Particles in the cloud will lose energy at an appxiable rate o 
longas Ê >' E,, where E, is the average ionisation eergy (E, < ). 
The inelastic cross section will rapidly decreasevhen Ê < i. 
Thus, an approximately stable equilibrium veloci occurs whn 

(ea) ~ È. Using Ë; ~ 13 eV gives beg = (24M) = 107, 
where M, the average atomic mass, is ~ I. His interestig 
that this value is approximately equal to the obseved dispersin 
velocity of absorption line clouds, Av(~ 10~4¢) 

There are thus indications that observed QO absorptin 
clouds may have their origin in clouds with intrnal velocit2s 
which are convergent, even through the initial elocity dispr- 
SION, Vin > Avy = 10e, where Av; is the oberved velocty 
dispersion. it might be argued, however, thit clouds wth 
internal velocities which are divergengand with’ > 10~¢ ze 
as likely to occur as are convergent clouds. Althugh this is tne 
it should be noted that if such divergent clouds db exist it is vey 
| difficult to observe them. Because of the breadtt of the absop- 
‘`: ton lines, the ratio of the magnitude of a givenabsorption lie 
rom such a cloud, to the magnitude of the line from a ca- 


(ye , 
: = | _ our discussion we have tried to be conservative and we ther 

The density (R,) can be related to the column density of the 
observed absorption clouds, Nz = n(R,)AR,, where R, is the 










vergent cloud, is <1. For example, if $, ~ 10c the: ra i 


í 


The gas in a convergent cloud will be very highly ionised. 


used / ~ 0.01, that is, the cloud is 99% ionised. The cloud 
be heated further because of, for example, adiabatic compr 
ion-atom collisions and the formation of shock wave 
mechanism described for the formation of a cloud with ana 
velocity dispersion, requires that the cooling time is shorter tha 
the dynamical scale of time. The question whether the heat cn 
be radiated away before the cloud has time to, rebound can ony 
be answered by a detailed analysis of the dyna 

I wish to thank Drs David C. Black, Lawrence 
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Absorption of gamma rays 
in intense X-ray sources 


Ir has been proposed that intense X-ray sourcescould also > 
be candidates for y-ray sources, but there has bee: no experi — 
mental evidence. This can mean either that noy rays are = 
produced or that they are absorbed before the leave the - 
source. Under certain assumptions about the eometry of 
the X-ray source one can show that the y rays ire strongl 
absorbed as a result of pair production with the X-ay p 
On the other hand, measurements on hard .pht 
the X-ray band may allow us to derive inform 
tion sources by virtue of their absorption 
The importance of photon-photon ¢ 
physics was first mentioned by Nikisho’ 
















absorption of high energy y rays (10? eV) on a thermal dhotons j 
in intergalactic space. Jelley? considered the same absorption | 


mechanism within possible y-ray sources. McBreen* pointed 
out that y rays from the Crab: nebula should already be ab- 
sorbed for y-ray energies > 50 MeV as a result of pair pro- 
duction with the X-ray photon field. The following calculations 
escribe the absorption of y rays in some intense X-ray sources 
uing recent data. 
Two photons of energy E,, Ey can produce an electron- 
poron pair in a collision provided that 
E, Ey > 2(mc*)* / ( 1 — cosa) (1) 
whre m is the electron mass and a is the angle between the 
directions of motion of the two photons. For a fixed y energy 
Eythe cross section o is a function of the X-ray energy EF, 
(ref 4). The cross section o rises steeply from a threshold 
E,=E, given by equation (1), it has a maximum value at 
E,=2E, and falls off as E,~* for X-ray energies E,>E,. 
W describe the absorption of the y rays by calculating 





k the imensionless optical depth t. The y-ray intensity then 


varie as Ly=Iy,) exp (— 1). Detailed calculations of t assum- 
mg n isotropic radiation field are given by Gould and 
Schrder®. For simplicity it can be written 


t= r fon, dE, (2) 


takingthe cross section o and n,, the density of X-ray photons 
per urt energy, to be constant throughout the source.. 

Botto and n, are functions of the X-ray energy E,. r is 
the lenth along which absorption takes place. Furthermore, 
we assine that theangle a in equation (1) is 90°. If we approxi- 


mate cby a rectangular function with height og = 1.7 x 
107 ca? and width 2.5E£, we get from equation (2) 
tr ORE) - 25E; (3) 


where ve have chosen n, at the energy 2£,,: corresponding | 


tO Omax 
Eada (3) gives t as a function of the y-ray energy fas 
because a (1) we have 
= Umer | Ey 
To Sane is we use observational data“, If f is the flux 


of X-ray hotons per unit energy measured on Earth we have 


Spa 
= f4nR? / ånr?e 


have absoption. 


To get zasonable values for r we refer to current models © 


of X-ray ources. We calculated the optical depth for three 
different ray sources, Her X-~1, Cyg X--1 and: the Crab 
pulsar. ForHer X—1 we take r= 10° cm, the size of the magnetic 
pole regioron the surface of an. accreting, neutron star*. For 
Cyg X-1 w have r= 10° cm assuming an accretion disk around 
a black hoe as the X-ray source*.:In the case of the Crab 
pulsar we ake r=3x 10? cm an upper limit for ‘the y-ray 
source if th observed y pulse has a halfwidth of about ! ms. 

Figure Ishows t as a function of the y-ray energy Ey, 

It can be een from Fig. 1 that we cannot expect y rays above 
10 MeV deending on the parameters of the source. On the 
other hand. the electron—positron pairs produced by the 
absorption ¢ the y rays can be partly: stopped and they then 
annihilate. ‘his 511 keV radiation is no longer absorbed by 
the X-ray poton field and can probably escapé depending 
on the matte density present. 

If there ar pulsed y rays from the Crab above 10 MeV as 
Claimed by sme authors, this would not contradict the above 
result. Fromequation (1) we see, that the threshold enérgy £, 





„goes to infinty in the case of beamed radiation (a=0). | 


4 
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Pa tasa function of the y-ray energy Ey. a, Her X-i; 
, Cyg X-1; c, Crab. 


, Onean speculate whether there exist other sources where 
the opeal depth t(Ey) mee be less than 1. From equations 
(3) anć5) we get | | 

tab, jir 


with LefánR?. t can be small for hie r and small L,. 
Exanles of the first case are Seyfert galaxies. If we take 
= 10~Sc, L,==10** erg s` and compare with the corres- 
See eee of Her X~1 (r=10° cm, L,=10* erg s~!) 
aking trom Fig. 1, we obtain a value for t, in the case of 
seyfert daxies, much less than 1. | 
An exnple of the second case could be an optically thin 
elativisti plasma of say kT=10 MeV becoming thermally 
nstable“Ninety per cent of the energy: would then be radiated 
vithin thenergy range 1 MeV-10 MeV. Certainly, the tem- ` 


(6) 


erature { such a plasma cannot exceed 20 MeV because of . _ 


ooling cised by the production of electron—positron pairs". n 
f there isot much X radiation compared with the y radiation 


- his also hs some influence on the Eddington limit which sets .Ț 


an upper mit for the mass flow in an accreting object. ae 
orresponhg maximum luminosity is proportional to o” 


he cross ection in the interaction between the Vee 
: ‘hatter andthe outgoing radiation field. Thus, we can have 






iosities for y-ray sources than for X-ray sources. 





where R i the distance to the X-ray source and r the size of- - his is factorcould be as large as 150 for y energies above 


the sourcewhich we take to be equal to the length where we 


20 MeV. 
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Energy source for comet outbursts 


A COMET nucleus is generally recognised as an icy conglomerate, _ | 
as was originally proposed by Whipple!. The Orbiting Astrono- _ 
mical Observatory observations of Comet Tago-Sato-Kosaka? 


and Comet Bennett? support the current ideas that H.O is a 


major component of comets. If comets were indeed formed — 
through an accretion mechanism at distances of many AU from | 


the Sun, what is the nature of the resulting form of water ice? 


ice can apparently coexist at densities of 1.4-1.7 g cm~? (ref. 4). 
Clathrate compounds have densities which are typically 0.3- 
0.5 g cm~? (ref. 7). 


Observational evidence indicates that comet. gaba require 
an internal energy source’. If at least the surface of a comet- 
nucleus contains a substantial percentage of amorphous ice, 
then the phase transition of the amorphous ice to a cubic. 


structure provides a release of energy which may be responsible 
for the outbursts observed in many comets. In addition, if the 
density of amorphous ice is indeed about 2 g cm~*, then a 
‘pulverising’ mechanism would exist because of the: abrupt 


stresses introduced by the volume change in the oe as the. 


density of the ice changes by a factor of two... 


The total energy released during a cometary outburst is ; of the. 


7 closer. approach to the Sun is required. On the other hand. 
_ if amorphous ice is in heat exchange with material w 
“temperature which increases faster than that of the ice, the 







be estimated. © ‘Our calculations Consider a spheri a 
_ radius of 5:km, For a rough estimate we assume that the surface 
-temperature around the subsolar point decreases as a cosine 


S~, where Wis the average mass of the ten largest p: 
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outburst can be expected at greater distances. If the temper: 
of the ice i is Asses below the transition temperature, ther 


e transition has been initiated, i will propagate a 
aere ea temperature or th TE eater haa : 





met siha a 


function. For a subsolar temperature of 140 K, the surface ae 
area with a temperature above 100 K is bounded by a circle. 


-and contains 14% of the total surface area of the comet. Fol- : 
lowing Sommerfeld’s" development, it: is possible to estimate _ 
the depth at which the phase transition t 


| the subsolar int, For thi i 1Y 
A number of studies on the deposition of water vapour at low a- | x10" š i calculation he thes 


pressures and temperatures indicate that amorphous ice is. = 2° 
formed. The reported physical properties include: a density de 
of 2.3 g cm~ (ref. 4), a specific heat 25% greater than that of _ E 
ordinary hexagonal ice, and a latent heat for the phase transi- 
tion from amorphous to cubic ice of 24 + 2 calorie g~ (ref. 5). Gs 
The transition occurs at a temperature’near 140 K (ref. 6). The. A 

presence of impurities seems to enhance the growth of clathrate : 
hydrate i ices, but both the clathrates and the amorphous water — 















erminates 1 m- below 
i diffusivity 
depth is reduced to 
fea, anaverage 
lume which 

Jergoes | e density of 
amorphous i ice is about 2 2 g ea and © the mass involved Ha 








1 bic ice with: aoi 
densit 94 gcm s of the orde 
of 20-30%, which will pulverise the ice. It is. useful to. estimate 
the particle. size which results from the fracturing process 
For a stress, S, of about 10‘ pound inch~?, Wis proportional to 











that result when the: stressed material fractures. If this: 
ship holds in general for higher stresses, then an. ext 
‘to the anticipated stress encountered for the amorphous 
ice transformation (~ 10° pound inch-? for strains of 20- 
shows that W is of the order of 4 x 10° g. This implies that the 
largest particle has a size of about 10 pm. 

_ This mechanism therefore automatically provides a source io 
particulate matter which creates a huge surface area. Conse- 
quently, the- equilibrium vapour pressure between the- parti- 
opiates will Be rapidly established. With the mass (5 x 10% *8) E 





order of 10% erg with an accompanying mass loss of 10% g = = oe 
(ref. 8). The resulting energy requirement of 10° erg g compares 


favourably with the 10° erg g~ released during the amorphous- 
cubic phase change. 


Any theory to explain cometary outbursts must. consider. - TEE TEN | 


the spatial distribution of the phenomenon. Figure 1 reports 
the results of a study in which the positions of the comets are 
shown at the time of outburst’. Although some observational 
selection effects may be present, a definite clustering is apparent 


within 2.5 AU from the Sun. Calculations have shown that tes 
celestial bodies consisting of water ice with an albedo of 0.6, e 
at a distance of 2.5 AU from the Sun, have expected surface e 


temperatures ranging from 150 K for a rapidly rotating sphere, 


to 180 K for a non-rotating sphere (see Figs 1 and 2 of ref. 10). =- 
The phase transition from amorphous to cubic ice requires a 
temperature near 140 K. Higher temperatures are necessary if 
the surface has an insulating layer such as that predicted in the A 


model we shall present here. 


Any volume element which undergoes this phase transition ; 
increases its temperature by about 45 K. Therefore, the heat. 


released can trigger the surrounding material so that the phase 
change is, in effect, a self feeding mechanism which propagates 
toa distance where the local temperature is near 100 K. 


The outburst of a comet can therefore be envisaged as | | 
occurring in a series of consecutive steps: initiation, propaga- ==> 


tion, pulverisation, sublimation, ejection, and insulation. 


Depending upon the condition of the surface of the comet, n : E 
the amorphous—cubic ice phase transition can be achieved at ay es 
different solar distances. If the surface is amorphous ice, an 


outburst is most probable at about 2.5 AU from the Sun. 


Distance above and below ecliptic plane 






Distance from Sun (AU) 






Fig. 1 Positions of comets at the time of outbursts. O, FR = 


sii ; thetical. outbursts. preceding discovery; @, observed outbursts 
a Tf the surface is covered with an insulating layer, however, 2 a Ss = ao 


after discovery’. (Courtesy of the IAU.) 
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involved in the phase transition the energy, E, which is released, 
is given by: 0 5 
E= 5 x 10 g x 24 calorie g` 
= 10' calorie | 
This can generate water vapour of mass, M: 
7 M = EJH = 10” calorie/650 calorie g` 
=15x 10% — 
where H is the heat of sublimation. This means that 3% of the 
generated particulate matter is sublimated. This gas must 
certainly expand into the vacuum of space at a few times the 
velocity of sound, carrying with it, at least to an order of mag- 
nitude, a comparable mass of dust. This mass is consistent with 
observed values for typical comet outbursts*. 

A large fraction of the fractured material remains on the 
surface. This effectively creates an insulating layer with a high 
albedo which tends to. prevent further outbursts for some time. 
This picture of comet outbursts can be subjected to many 
sfinements, such as variations of comet sizes, or of rotation 
nd ir linations, impurities and inhomogeneities in the 
d orbital parameter “The general features of this theory 
are, however, consistent with observations and in our opinion 
-provide for a more plausible source of energy than has been 

previously suggested. Those ‘suggestions have included the 
---vaporisation of pockets of methane and/or carbon dioxide’, 
- explosive radical reactions'*, and-collisions with interplanetary 
boulders. ae wok : ore ee : o 
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~ Ratio of the temperatures of the quiet Sun 
- the centre of the new moon at à = 1.3 mm 
As radio wave spectral line, observations are made at ever 
short vélengths, the need for precise calibration increases. 
This is because, as a larger portion of the frequency spectrum 
ecomes available for observation, an increasing number of 
multiple molecular transistions will be detected. To obtain 
reliable excitation parameters from these detections they must 
be calibrated accurately at each frequéncy. Linsky! has proposed 
the Moon as. a radiometric standard for observations of 
extended sources in the infrared, millimetre and microwave 
portions of the spectrum. We therefore measured the ratio of 
the quiet Sun temperature to that of the centre of the new Moon 
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at 231 GHz = 1.3 mm). 


The 36-foot telescope of the National Radio Astronomy 
Observatory (NRAO) was used for the measurements, on 
June 30, 1973. At à = 1.3 mm, using a 1.21, by 1.77 feed horn, 
the telescope has a beam size of 44” x 51” of arc as measured 
on Jupiter. A single ended mixer receiver was used that incor- 
porated a Schottky-barrier diode as the nonlinear element’. 
The noise temperature of the double-sideband receiver was 
6,000 K, and the intermediate frequency bandwidth was 60 
MHz, giving a AT r.m.s. of ~ 1.5 K with a time constant of 
0.25 s. 

At this frequency, antenna calibration is rather uncertain 
and atmospheric attenuation can be quite high, and so it was 
decided to carry out the observations when the Sun and Moon 
were close together in the sky. This allowed a comparison of 
brightness temperatures without any first order dependence on 
either the antenna or the atmospheric calibration. June 30, 
1973 was the date of a total solar eclipse and during our 
measurements the centres of the Sun and Moon were separated 
by 6° 45’ in the sky: the elevation of the Sun was 41.7° and that 
of the Moon was 47.7”. | 

The absolute temperature scale of the receiver was calibrated 
by placing absorbers, alternately at room temperature and 
liquid nitrogen temperature, in front of the feed of the antenna. 
Sky dipping data gave an average value of ~ 1.2 db attenua- 
tion/atmosphere (clear weather; 27° C; 35°% relative humidity) 
which implied a differential attenuation of 0.18 db between the 
central solar and lunar positions. The Sun was observed through 
the dome of the telescope which had been previously measured 
(using the Moon) to have an attenuation of 2.87 db. 

Antenna temperatures referred to an elevation angle of 41.7°, 
which, if corrected for dome and differential atmospheric 
attenuation would be 2,481.5 K and 53.2 K for the centres of 
the Sun and Moon respectively; a value of 46.6 for their ratio. 
Assuming that the temperature of the quiet Sun is 5,800 K 
at àù = 1.3 mm’, a value of 124.5 K is derived for the central 
lunar temperature at new Moon. 

An examination of Ha and K spectroheliograms of the Sun 
taken on the day of our observations by the McMath-Hulbert 
Observatory, showed that except for a small flare close to the 
eastern limb of the Sun, the solar disk, particularly the central 
region where our observations were taken, was free from any 
major disturbance. This was confirmed by drift scans of the 
Sun during the observations. Thus, we are confident that the 
ratio quoted does refer to the quiet Sun. 

Because of our method of observation, the value we have 
derived for the ratio of the quiet Sun to that of the new Moon 
is relatively insensitive to any errors in the absolute calibrations 
of the atmospheric attenuation, the antenna or the receiver. 
The value mainly depends on the linearity of the detector and 
the noise on the signal. Thus, we calculate that the error on 
the derived ratio—46.6—is + 0.4. 

Bastin et al.? quote the error on their solar measurement as 
+. 400 K. Consequently, the value we have derived for the 
central lunar temperature at new Moon—124.5 K—has an 
uncertainty of + 8.6 K. 

We thank Dr T. E. Graedel for obtaining the spectrohelio- 
grams. The NRAO is operated by the Associated Universities 
Inc. under contract with the National Science Foundation. 
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` Oldest and largest lunar basin? 


Many questions in lunar science have not yet been 
answered satisfactorily. 

What, for example, is the origin of the nearside—farside 
asymmetry of the Moon? Why are Oceanus Procellarum and 
Mare Imbrium richer in KREEP (basalt rich in trace ele- 
ments) than any other region on the Moon? Why are the 


‘lunar Appenines apparently not composed of anorthositic 


highland crust? I suggest here a possible solution to these, 
and other, problems. 

The nearside-farside asymmetry is evident from the dark 
marë material which fills the circular basins on the near- 
side. Although there are similar basins on the farside, they 
are apparently not filled with mare basalt. Laser altimeter 
data suggest that this may be a result of the greater thick- 
ness of low density crust on the farside. The surface of the 
farside is largely elevated from a sphere of radius 1,738 km, 
centred on the Moon’s centre of gravity, and the nearside 
is correspondingly depressed’. Although this may explain 
why Maria occur only`on the nearside, the differences in 
crustal thickness are still unaccounted for. Either the Moon 
accreted heterogeneously, or else low density crust was, at 
some early stage of lunar evolution, transferred from the 
nearside to the farside. 
transfer of vast quantities of crustal material could involve 
a very major impact on the nearside. 

Measurements with y-ray spectrometers have revealed 
that the levels of natural radioactivity (which results from 
U, Th and K) are considerably higher in Oceanus Procel- 
larum and Mare Imbrium than anywhere else on the lunar 
surface’. These regions are therefore presumed to be richer 
in KREEP material. It is usually assumed that this dis- 
tribution of KREEP arose as a result of the Imbrium 
impact. It has, however, been pointed out that if KREEP 
was ejected by the Imbrium event then the Haemus 
Mountains to the east of the Imbrium basin should be as 
radioactive as the Fra Mauro formation to the south’. This 
has not been found to be the case. 

The age of the Imbrium event is generally taken to be 
about 3.9 Gyr (refs 4 and 5) whereas the whole rock 
‘isochron’ ages for KREEP rocks are much older’, suggesting 
that KREEP basalts were extruded long before the Imbrium 
impact. The present day distribution of KREEP may, in 
fact, largely represent the extent of these original lava flows. 
The subsequent redistribution by the Imbrium impact may 
only have been a second order effect. 

Before the Apollo 15 mission it had been expected that 
the lunar Appenines would consist of anorthositic crust, 
supposedly uplifted by the Imbrium impact. When samples 
were returned from the Appenine front, however, they 
were found to have predominantly a KREEP composition, 
and there were few truly anorthositic rocks. This lack of 
anorthositic crust in the region has since been confirmed 
by the results of the X-ray fluorescence experiments. The 
measured Al: Si ratio from the Appenines is about half 
the value obtained from the Descartes highlands’. These 
results suggest that the original crust in this region was 
removed and replaced with KREEP basalts, before the 
formation of the Imbrium Basin. 

I propose that soon after the formation of the lunar 
crust the Moon collided with a planetesimal which was 
even larger than the projectile which formed the Imbrium 
Basin. This collision produced a basin 1,200 km in radius 
centred at 23°N 29°W (Fig. 1). Its size and position are 
defined by the highlands to the west of Oceanus Procel- 
larum and to the north of Mare Frigoris, and by the 
western edge of the Southern Central Highlands. There 
is no evidence for the presence of any appreciable 
amount of anorthositic crust within this region. It must 
therefore have been largely removed, and at least some of 
it may even have been deposited on the lunar farside, con- 


A possible mechanism for the .... 





Fig. 1 The location of the “Gargantuan Basin’ on the lunar 
nearside, | 


tributing to the observed excess crustal thickness there. It 
is not unreasonable to suppose that this basin was sub- 
sequently filled with KREEP basalt lavas. This volcanic 
activity probably occurred about 4.3. Gyr ago; a date based 
on the whole rock ‘isochrons’ for Apollo 14 and 15 KREEP, 
and. Apollo 16 VHA basalts®. Alternatively, the activity may 
have been as recent as 4.14 Gyr if only the Apollo 14 and 15 
results are considered. About 3.9 Gyr ago the Imbrium im- 
pact redistributed these basalts, in the form of KREEP rich 
breccias, to the Fra Mauro formation and elsewhere“. At 
the same time the lunar Appenines, largely composed of 
KREEP, would have been uplifted (see Fig. 2). 

All of the large impact basins on the lunar nearside have 
circular, positive gravity anomalies, or mascons, asso- 
ciated with them‘. The existence of the mascons, which are 
usually attributed to the presence of thick lenses of high 
density mare basalt, implies hydrostatic disequilibrium and 
provides a powerful constraint on any model of the thermal 
evolution of the Moon. The circular basin proposed here, 
however, does not have an associated. mascon. If this basin 
was indeed filled with KREEP basalt 4.3 Gyr ago, in 
sufficient quantities to produce a mascon, the lunar crust 
at this time cannot have been rigid enough to support it. 
The absence of a mascon corresponding to this ‘Gar- 
gantuan Basin’ thus provides a very strong constraint for 
lunar thermal models. 

If the Gargantuan Basin exists, the collision which pro- 
duced it could have occurred before lunar capture by the 
Earth, during lunar capture, or after the Moon was in 
Earth orbit. One speculative possibility is that the Moon 
was originally in an eccentric solar orbit, possibly between 
Mars and Jupiter. Following a colliston with a minor 
planet, that original orbit became perturbed into an orbit 
which crossed the Earth’s, and the Moon was subsequently 
captured by the Earth.- A second possibility is that the 
planetesimal which formed the basin was a minor terres- 
trial satellite which collided with the Moon as it passed near 
the Earth at a high velocity. Collision with a minor Earth 
satellite is a mechanisrh which could allow efficient lunar 
capture’. If the impact did indeed result in the capture of 
the Moon by the Earth, then the other large basins must 
all have formed when the Moon was in Earth orbit. Either 
the projectiles which produced them were themselves in 
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pacalt flows 


Fig. 2 The evolution of the lunar nearside: a, Differentia- 
tion of the lunar crust (4.6 Gyr); b, formation of the 
‘Gargantuan Basin’, and deposition of excavated crust on 
the lunar farside, c, eruption of KREEP basalts (4.3 Gyr), 
d, deposition of ejecta from major basins (such as Sereni- 
tatis, 4.3-3.9 Gyr), e, deposition of the Fra Mauro forma- 
tion (FM) and uplift of lunar Appenines (A) by the Imbrium 
impact (3.9 Gyr); f, eruption of mare basalts (3.8-3.2 Gyr). 
OP, Oceanus Procellarum, MI, Mare Imbrium; MF, Mare 
Frigoris, 


Earth orbit and were collected as the Moon receded from 
the Earth because of tidal friction, or they may have con- 
stituted a family of asteroids in highly eccentric orbits 
which crossed the Earth’s orbit. The inferred low impact 
velocity of the Imbrium projectile’ supports the first pos- 
sibility. In either case it is difficult to explain why the 
projectiles were not all finally accreted until at least 400 
Myr after lunar capture. 

This work was supported by the Natural Environment 
Research Council. 
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differential deflection of right and left circularly polarised 
(r.c.p. and Le.p., respectively) radiation which passes by the 
Sun from the quasar 3C273. The separation of quasar images 
in r.c.p. and l.c.p. radiation permits a measurement of the 
effect of gravitation on polarised radiation. This seems to be 
the first experiment in which Einstein’s theory of gravitation 
is tested beyond the geometrical optics approximation. Here, 
L estimate the new effect (that is, the differential gravitational 
deflection of polarised radiation), and point out that though, 
using present techniques, it is too small to be measurable for 
the Sun, it is, however, potentially observable for gravita- 
tionally collapsed objects. 

Electromagnetic waves in a gravitational field can be thought 


of as propagating in flat spacetime but in the presence of a 
‘medium’ with properties which are given by conformally 


invariant quantities constructed from the metric tensor of the 
Riemannian spacetime, in Cartesian coordinates (ref. 2). 
Here, Greek indices run from 0 to 3, and Latin indices from 
1 to 3. Gravitational units, in which G=c=1, are used through- 
out. The electromagnetic field tensor is decomposed in a 
Cartesian frame, (f=x°, x,;=x') Fuy->(E, B), (~g)? FRY 
(—D, H) to obtain the usual Maxwell’s equations in a medium, 
together with the relationships? 

Dı=8;E;—(G x H); (1) 

Biı=pu uH; + (GX FE); (2) 
where, €= =m mg) g8 and Gi™— goio If the 
vectors F+ =E+iH and St =D +iB, S,;*=¢,,F;* iG F*), 
are introduced, then the equations 

G/thy x E+ = -(8/00S+ (3) 

y. St =0 (4) 
determine the properties of waves in a gravitational field’. 
The coordinate transformation, t ==t- p(x), induces the gauge 


transformation, G; =G, -+ 0p/éx', and e’;,;€,;, under which 
F+ remains invariant, F’+(t’, x)==F+(7, x), a property which 


will be used later. G and U,;=6;,;-~€;;, can be interpreted 
as gravitational vector and tensor potentials, respectively. 

In the scattering of electromagnetic radiation from a gravi- 
tational field (asymptotically flat spacetime with no other 


polarisation properties determined at infinity) decouples from 
Le.p. radiation (F*=<0) according to equations (3) and (4). 
The helicity of the photon is thus conserved. Moreoever, if 
the gravitational field is free of matter, and spherically sym- 
metrical, then the scattering amplitude is independent of the 
photon helicity and the gravitational field does not alter the 
state of polarisation of the incident wave. For more general 
fields, such as the Kerr field or the exterior field of a rotating 
body, the scattering amplitude is dependent upon the helicity. 
The physical reason for this is easily seen by writing the equa- 
tion for waves of frequency @ in the exterior field of a slowly 
rotating body of mass, m, and angular momentum, J=Jz : 

[A/iy — oG] x f* = + fwNf+ (5) 
where, Ft=f+ exp(—ior); G=23) xr/r(r—m/2)*; and N= 
(1+ m/2r)3/(1-—m/2r). The index of refraction, N, causes a 
general deflection for any wave packet*. The photon interacts 
with the vector poterstial G; not only with its gravitational 
‘charge’ (energy) but also with its spin, because a rotating 
body produces a gravitational ‘magnetic’ field. Moreover, 
rs>m, Gx2 Jxr/r®, which is the vector potential caused 
by a gravitational ‘magnetic moment’ 2J. The spin of the 
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ee photon ‘is parallel : (or antiparallel) to its momentum, and. 
therefore the path of a photon in the exterior field of a slowly . 
-rotating body depends on its helicity. It should be emphasised 
that in the geometrical optics limit where terms of the form 
Al dg ,,/0x,| are neglected, the rays follow 
| (y SP — 20G. yS = oN? (6) 
regardless of their polarisation. Thus, wave packets with . 
different polarisation states are expected to follow separate 
_paths which differ from equation (6) in the first approximation 
by terms of the order of AlédG,/éx,l, or the amount by which 
n uie vector potential varies over the wavelength of the radiation. 
~The path of a wave. packet of frequency ©, wm>>1, moving 
nearly parallel to the y axis in the y-z plane far away from the 
rotating object, is expected to be influenced by the gravitational 
field of the object at distances close to D along the z axis, 
where GenxzZr, n=2J/D*<1 and Nx1+-2m/r. The 
_ dimensions of the packet are assumed to be very small com- _ 
~~ pared with D. The new effects are connected with the presence ~ 
; a ol G, it is the iin to consider the solutions of the. el 
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where X= numerical factor which is expected ~ 
to be of: the i 
Harwit Hz radio ` waves which passed by 
the Sun at 7.8 Re. For the Sun, do < 107! y 
arc s, which to be detectable, even with the im- 2 
proved « ery long base line interferometry, 2 
which a near future. The effect is, however, 2 
st gg ve Y 
potentially r collapsed objects, and may provide 2 
a means. © e angular momentum of the body. > 
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lave been 7 ested bose. and ‘below T using thaethod 
of drin n extensional resonance (Table 1). When T, isceeded 
_ the atenuation increases by a factor of 40 and ‘thyelocity 
dropsby 4°. Creep strength measurements have beenade on 
bars of the same alloy loaded in compression afonstant 
-stress (Fig. 3). Initially, there is a rapid decrease) strain 
Yate, :, identified with transient creep. When stdy state 
creep has been established, after about 10h at 2(C, é de- 
Crease at a constant rate because of the increa’ in cross 
section that results from compression. In the <periment 
illustraed, the temperature was increased from 2 to 33° C 
be test had run for 38 h. There was a transierncrease in 
ut after 10 b the creep rate had again becomsteady and 
bout the same as that of the alloy containg no melt. 
] melting resulted in nc increase in the stea¢state creep 












Table 1 Acoustic properties of Al-Ga alys 
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„material is to offer litth resistance to eady state creep 
deformation, then T— T, I T, is much èss than T,, the 
resistance arises becaue there is enagh fluid to dis- 
aggregate the solid structure if 7,—» 7, he grains of the 
e. solid have an intrinsically lo’ creep resistice, regardless of 
<o the detailed nature of the opertive creep mechanism}. It is not 
= necessary that 7-+ T, for theacoustic atteuation to be high 
c. and the sound velocity anmalously Iw. These acoustic 
=¢ characteristics can be produced either by hating slightly above 

Ta when (Ti — TƏJ/T, is larg or, in rock by the presence of 
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Fig. 2 Internal friction, Q~ andfrequency of extensional 
resonance teten ye to tht á rooi temperature, fife fora 
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Fig. 3 Creep rate of an Al-Ga alloy under constant compressive 
load, initially at 20° C, and after 38 h, at 33° C, 


small quantities of intergranular fluid rich in water. (Open 
cracks can also cause the acoustic characteristics of the LVZ 
but are unlikely to occur under high hydrostatic pressure.) 
The existence of a LVZ is not, therefore, evidence for the 
presence of an asthenosphere. A gradual variation of mantle 
strength properties with depth, as predicted on the basis of 
solid state data*~*, is fully consistent with the seismic structure 
of the upper mantle. | 

Seismic data fail to establish bounds for either the tempera- 
ture or the strength properties of the upper mantle. They can, 
however, place a bound on the properties of the lower mantle. 
All polycrystalline solids with acoustic properties which 
have been tested to high temperature in the laboratory show a 
rapidly increasing ‘background’ internal friction as T —>T m 
(ref. 5). This is thought to be a result of the coupled, stress- 
induced motion of dislocations and solute atoms, but con- 
clusive evidence is lacking. In order for the acoustic attenuation 
of the lower mantle to be as low as the observed value of 
10°, the temperature must be below that at which significant 
background internal friction appears. Comparison with labora- 
tory data on the high temperature background internal friction 
of polycrystalline ceramics indicates that in the lower mantle, 
T < (0.5-0.75)T,,. 
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Origin of iron ore by diagenetic 
replacement of calcareous oolite 


Many non-uniformitarian' or quantitatively improbable’ 
hypotheses have been offered to explain the origins of 
extensive sedimentary rocks rich in iron. lIronstones and 
iron formations’, here termed non-cherty and cherty iron 
ores, have, however, two consistent characteristics which 
suggest that their origins were fundamentally similar and 
. involved processes which are still operative at present‘. The 
first is the occurrence of mudrocks, or their metamorphosed 
equivalents, overlying individual ore beds within a few 
. metres, with the ore beds themselves covered by non 
chemical sedimentary rock and not eroded. The second is 
` the occurrence of oolite texture in unmetamorphosed de- 
posits which are not closely associated with volcanic rock 
or shales bearing pyroclastic material. The internal struc- 
tures of well preserved ferriferous ooids closely resemble 
those of Recent calcareous ooids. Some Recent ferriferous 
spherules are concentrically layered*® but, unlike the ooids 
in iron ores, they contain clay minerals other than ferrous 
septechlorite, and occur collectively only as moderately 
iron-rich sediments, no thicker than a few tens of centi- 
metres. Extensive beds of ferriferous oolite thicker than 


1 m have formed repeatedly throughout the history of the 


Earth, even within the last 5 Myr (ref. 6). 

The problem is how can the precipitation from solution 
of major quantities of iron and silicon, with or without 
substantial aluminium, phosphorus and manganese, give 
rise to extensive beds which contain ferrous minerals and 
shallow water sedimentary structures. A study of the mid- 
Cainozoic Paz de Rio iron ore of north-eastern Columbia‘ 
has resulted in a genetic model which is most clearly 
illustrated in reference to Upper Pliocene ore under, and 
adjacent to, the Sea of Azov (Fig. 1). 





= Black Sea ia 


Fig. 1 Map 20 of Upper Pliocene lithofacies in the former 
Sea of Azov. Circles, non-ferruginous sand; crosses, ferru- 
ginous sand; horizontal dashes, shale: vertical dashes, 
ferriferous oolite. with overlying shale. Interbedding is 
represented by alternation of symbols. 


Like all other non-cherty ores, the Azov deposit is pre- 
dominantly oolitic, and the average thickness of continuous 
iron ore is only a few metres, although thicknesses do reach 
52 m locally. The most abundant ore mineral is ferrous, 
septechlorite rich in aluminium (chamosite), which is 
partially replaced by siderite’. Goethitic oolite has formed 
by the oxidation of chamositic oolite above the present 


water table in the Kerch Peninsula. Fossil shells and shell 


molds are common, and barite pseudomorphs of wood are 
present locally. Soviet investigators have suggested that one 





possible origin is the dissolution resulting from bacterial - 
action, of terrigenous sediment on the seafloor, and the 
precipitation of the derived solutions as chamositic oolite 
at the sediment-—water interface’. 
dissolved aluminium in modern marine water’, 0.001 parts 
per million (p.p.m.), and fluviolacustrine water’, < 1 p.p.m., 
are, however, too low to supply sufficient quantities to an 
extensive region of hypothetical chamositic sedimentation. 
There is more aluminium in the Azov ore chamosite*® than 
there is dissolved in all of the oceans of the world. More- 
over, the absence of dissolved oxygen, which is required if 
ferrous iron is to be rendered soluble, is incompatible with 
transport in very shallow, turbulent water. 

I therefore propose that the iron, aluminium, and silicon 
were dissolved by organic, acid-rich groundwater from the 
interdistributary clay of a delta which prograded over 
calcareous oolite deposits, Like caleareous oolite sediment 
in the modern Caspian and Aral Seas’, Upper Pliocene 
oolite in the Sea of Azov apparently, formed far from major 
river discharge and was circumvented by terrigenous sedi- 
ment (Fig. 1). Shale covering the oolite is interpreted. as 
representing subsequent deltaic progradation. Rain. -and 
flood water trapped between natural levees. on the- delta 
would have drained from interdistributory swamps- rich in 


organic material, through the highly permeable oolite, up 


to distributaries (Fig. 2). Aluminium would have been 
transported in solution as metallo—organic complexes at 
concentrations of between one and a few p.p.m., as in some 
British bogs’®. This has been done experimentally at room 
temperature in 0.01IM humic acid solution of clays”. 
Organic complexing would have greatly enhanced the solu- 
bility of iron, but not that of silicon. The experimentally 
determined Al:Si molar ratio for solutions of clay minerals 
in dilute, strongly complexing acids, is close to unity”, 
similar to the molar ratio in chamosites*. 

If only free ferric oxide and amorphous aluminosilicates 
were dissolved under interdistributary swamps, over 20 
times (ref. 12) as much deltaic mud as oolite would have 
been leached before the completion of replacement. Migrat- 
ing distributaries would have continually eroded weathered 
silt and clay toward the Black Sea. The duration of replace- 
ment may be estimated by assuming a deltaic sedimentation 
rate of 50 million tons a year (about one-tenth that of the 
Mississippi River) on to the area of oolite illustrated in Fig. 
1, and leaching of a volume of deltaic sediment 30 times 
greater than that of the oolite replaced. Alternatively, the 
duration can be estimated using Darcy’s Law, by assuming 
the precipitation of 20 p.p.m. of iron from groundwater, a 
permeability of 100 darcy for oolitic sediment, and a head 
loss of Im between interdistributary swamps and distri- 
butary channels (Fig. 2). Both calculations suggest that 
roughly 10° yr are required for the replacement of 5 m of 
oolite‘. 

The dissolution of silicates by solutions rich in organic 
material and the subsequent replacement of calcareous 
oolite, have been experimentally simulated by Gruner’, who 
found that internal ooid structures were preserved in the 
ferriferous replacement. The preservation of the internal 
structure is here attributed to the presence of primary 
carbonaceous layers within calcareous ooids, which act like 
templates, as in the replacement of aragonite by calcite”. 
Oxidic ooid layers which alternate with chamositic layers in 
well preserved, mid-Cainozoic ore in Colombia, formed by 
the oxidation of selected chamositic layers’, probably 
because of differences in the content of organic matter. The 
greatest loss of oolitic texture in this ore has occurred at 
the top, possibly as a result of initial rapid dissolution by 
descending groundwater. 

Those who oppose the idea that ferriferous oolite may 
have originated by the replacement of calcareous oolite, 
have noted the common occurrence of unreplaced fossil 
shells beside ferriferous ooids in Phanerozoic ores, Recent 
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Fig. 2 Hypothetical cross section of groundwater flow 
from an interdistributary swamp through oolite to a 
distributary. 


ooids are, however, relatively porous aggregates of minute, 
aragonitic crystallites which would react readily. Gruner’ 
found that small, calcareous shells were not replaced by 
solutions which replaced thin sections of calcareous oolite. 
Opponents to the idea have also noted the lack of lateral 
gradation from ferriferous oolite to calcareous oolite. But 
deltaic sedimentation sufficiently potent to fill a lagoon 
landward from a shallow bank of calcareous oolite, like that 
in the Aral Sea*, would readily cover the entire surface of 
an oolite bank and cause uniform replacement. 

Chamositic oolite has been forming for at least the past 
2 x 10° Myr (ref. 14) and cherty, ferriferous oolite has 
formed at least as recently as the early Jurassic’’. Lower 
Proterozoic chamositic iron ore is interpreted as recording 
organic complexing in groundwater which drained interdis- 
tributary swamps. The common association of cherty, iron 
ores poor in aluminium’, of all ages, with volcanic rock or 
shale containing pyroclastic material” suggests that much 
of the silica and iron was leached from the overlying pyro- 
elastics. A lesser degree of organic complexing during rapid 
weathering of pyroclastics would have resulted in the de- 
creased solubility of aluminium, whereas iron would have 
been relatively soluble in a reducing environment under 
swamps. 

The ratio of iron ore to other sedimentary rock is 
typically very high in Lower Proterozoic ore-bearing 
sequences, although the total thicknesses within the Phane- 
rozoic of some shallow water sedimentary sequences which 
include thin ore beds, are comparable to those of the Lower 
Proterozoic’!’, The difference in the proportion of iron ore 
is attributed to a difference in the proportion of non-shelly, 
calcareous sedimentation within slowly subsiding, shallow, 
restricted basins like the Sea of Azov. Thick ores are 
attributed to cyclical transgressions of oolite over exposed 
areas of pyroclastics and/or deltaic sediments which were 
largely or entirely eroded by fluvial action and marine 
transgression. Non-calcareous sedimentation unaccompanied 
by basin subsidence may have lasted longer than calcareous 
sedimentation without leaving much record. 

Cherty ores display a wide variety of textures and struc- 
tures. Layers of ferrous septechlorite poor in aluminium 
(greenalite) in some siliceous ooids from the Lower Protero- 
zoic Gunflint Formation of Ontario, are as fine and regular 
as aragonitic layers in Recent ooids. Elsewhere, the oolitic 
texture has been partially destroyed during the diagenetic 
development of compositionally distinct bands™. Banding 
is characteristic of most cherty oolite, even where it is non- 
ferriferous’’, and must be related to the process of silicifi- 
cation. Laterally similiar properties of the primary calca- 
reous sediment may have permitted the planar flow of 
groundwater from which laterallye continuous chert layers 
precipitated. 

I therefore conclude that ferriferous oolite is calcareous 
oolite that has been covered by deltaic sediment and/or 
pyroclastics which were exposed to weathering and leached. 
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Water, rich in solutes, drained laterally through the under- 
lying oolite, replacing aragonitic ooids by c namosite if it .. 
was rich in aluminium, or by greenalite and chert if it was ` 
poor in aluminium. I predict that oxygen isotopic: ‘tatios — 
of chamosite in marine ores will indicate precipitation from ~ 
fresh water. Extensive ferriferous oolite could readily form. © 
within the next 10° yr by the diagenetic replacement of 
calcareous oolite in the north-western portion of the Aral 
Sea’. 
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In vitro transcription of three 
adjacent E. coli transfer RNA genes 


RECENT evidence suggests that the structural genes of some 
transfer RNA molecules are clustered in groups of two or three 
on the Escherichia coli chromosome'®. The arrangement of 
tRNA and spacer sequences for two such tRNA clusters have 
been described®-*. The pattern of transcription of tRNA genes 
in clusters is not known although the formation of larger 
precursors in tRNA biosynthesis has been reported?!". In 
vitro transcription of tRNA,‘ gene carried by @80psuy 
phage DNA by purified RNA polymerase was shown to result 
in the formation of pre-tRNA" molecules bigger in size than 
mature tRNA", In the present communication we describe 
the transcription of a tRNA gene cluster (tRNA,©!(su* 36), 
tRNA,'Y", tRNA,'*) carried by the DNA of transducing 
phage Ah80cI857S t68delyTsu* sgtyrTthrT (abbreviated Ah80T) 
recently isolated by Squires er a/.5. Jn vitro transcription of this 
phage DNA by purified RNA polymerase is shown to produce 
pre-tRNA molecules of a molecular size consistent with the 
model of a polycistronic precursor. 

The defective transducing phage Ah80T was prepared accord- 
ing to Squires et al? from a double lysogen of strain BF 266. _ 
Separation from the Belper phage Ah80cI8578"t68 (Ah80H) was 
carried out by equilibrium density centrifugation. 

E. coli PARNA was annealed to Ah80T phage DNA in the 
presence of increasing amounts of unlabelled E. coli tRNA, 
purified tRNA" or a tRNA preparation devoid of tRNATY?, 
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‘DNA®. Due to the p 
-is expected to comp 


-The hybridisation-competition curves presented in Fig. | 







i tRNA competes efficiently with the 





E. | coli (2P) tRNA l sducing its hybridisation almost com- 


pletely. On the other hand, purified tRNATY" and a tRNA 
preparation lacking tRN, Tyr reduce °*P-tR NA hydbridisation 
by only 32 and 65° ectively, These data are in accord 
with the tRNA gene content described for the Xh80T phage 
ce of three tRNA genes, tRNA y? 
with only one third of **P-tRNA 
hybridisation to the phage DNA whereas a tRNA preparation 
lacking tRNATY® should compete only with the hybridisation 
of the two other RNA’ ‘Species. 

Phage Ah80T DNA was transcribed in vitro by sDNA- 
dependent RNA polymerase in the presence or absence of p 
termination factor. In order to follow the transcription of the 
tRNA genes carried by Ah80T DNA we examined the ability 
of the in vitro synthesised RNA to compete with E. coli *?P- 
tRNA for hybridisation sites on the phage DNA. An annealing 
experiment was carried out using a constant amount of Ah80T 
DNA and E. coli PARNA in the presence of increasing 
amounts of in vitro synthesised Ah80T RNA. The results 
presented in Fig. 2a show that the in vitro synthesised Ah80T 
RNA contains polynucleotide chains homologous to those of E. 
coli tRNA. These results also imply that all three tRNA genes 
carried by Ah80T DNA were transcribed in vitro since the 





synthesised RNA competes efficiently with more than 90%, of 


the hybridisation of £. coli ??P-tRNA to Ah80T DNA. The speci- 
fic production of tRNA," sequences was demonstrated using 
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Fig. 1 Competition of E. coli “P-tRNA with unlabelled 
E. coli tRNA, tRNATY® and tRNA devoid of tRNA®™” for 
hybridisation to Ah80T DNA. E.coli tRNA and “PARNA 
were prepared as described previously. tR NATY® was pre- 
pared by fractionation of N- carbobenzyloxy("C)-tyr tRNA 
on a methylated albumin-silicic acid column. The tRNA 
lacking tRNA" (containing only 10%, of ‘the original 
tRNA’) was eluted from such a column at low salt con- 
centrations while the N-carbobenzyloxy-("C)-tyr tRNA was 
eluted with | to 2 M NaCl. Ah8OT DNA was prepared as 
previously described’. Nitrocellulose filters containing 3.5 
pg of denatured Ah8OT DNA were immersed in hybridisa- 
tion mixtures of 0.3 ml 2x SSC (0.3 M NaCl, 0.03 M Na 
citrate) containing 1 ye of E. coli “PtRNA (1.2 «x 10° 
c.p.m. g`i) and increasing amounts of unlabelled E. coli 
tRNA (O~ -O}7., tRNA devoid of t(R NAPS (A -——~ - A) 
and tRNAT:" (@ ------ @). After 18 h at 67° C the filters were 
removed, washed with 2x SSC, treated with pancreatic 
© RNase (25 ug mi™' in 2 x SSC), washed again and counted. 
‘The radioactivity remaining on the filters was expressed as 
=, percentage of control which contained no competing RNA. 
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Fig. 2 a, Competition between in vilro synthesised 
RNA and E. coli “PARNA for hybridisation with- 
DNA. Ah80T DNA was transcribed in viro by E. col 
polymerase in the presence of p factor. DNA-dep 
RNA polymerase was prepared from E, cali. M 
cells’? and further purified by low salt glycero 
centrifugation’. Termination Factor p was prep 
E. coli MRE-600 cells as described by Roberts’. T 
ton was carried out in a reaction mixture contain 
10 ml: 50 pmol Tris HCI (pH 7.9), 10 pmol MgeCl.: 1, 
dithiothreitol, 75 pmol KCI: 0.4 HO) each of ATP, G 
UTP and °H-CTP (4x 10% c.p.m. nmol”'); 300 ug of hh 
DNA: 760 units RNA polymerase (2,300 U mg™) and Ss. 
HE p factor. The synthesis was initiated, after 5 mm- pre 
incubation at 38° C, by the addition of the nucleoside tri- - 
phosphates. The reaction was stopped and RNA isolated a 
described elsewhere. The hybridisation mixture contained 
in a volume of 0.5 ml 2x SSC, 10 ug denatured Ah80T D 
0.9 pe PPARNA (8.5x10° cpm. pg’) and incr 
amounts of jn vitro AHBOT RNA: The mixtures wer 
bated for 90 min at 70° C, loaded on filters and proce 
as described in legend to Fig. |. The radioactivity remainm 
on the filters was expressed as percentage of control which — 
contained no competing RNA. b, Competition between in 
viro synthesised ASOT RNA and £. coli PPARNA for | 
head ao with 80psu* Lstrand DNA. Ah80T DNA was 
synthesised in vitro by transcribing Ah80T DNA with RNA 
polymerase holoenzyme (O.-—— ©) or holoenzyme + p 
factor (@-—— @). p80psu, DNA preparation and strand 
separation were as previously described’. The hybridisation 
mixture contained in 0.3 ml 2x SSC, 2 wg p8Opsu,L strand 
DNA, 0.9 pe *PtRNA and increasing amounts of in vitro > 
synthesised Ah8OT RNA. The mixtures were incubated for 
90 min at 70° C, loaded on filters and processed as described. - 
above. 3 


the @80psut DNA. This transducing phage DNA carries on Wee 


the L strand the tRNA, "Y?" gene!!!" which differs in sequence 
from tRNA,'Y? gene by only two nucleotides!*. The difference 
in sequence between tRNA,'Y" and tRNA, "Y" being very small, = 
we assumed tRNA, ®©" to hybridise equally well to the tRNA, PT o) 
DNA. Accordingly, we followed the 


gene carried by @80psu% 
in vitro synthesis of tRNA,'Y? on Ah80T DNA by its com- 
petition with £. coli 8*P-tR NA hybridisation to the L strand of - 
os0psut DNA Fig. 26. These results establish the presence of 
tRNA,.'Y" chains among the 
synthesised in vitro on AHSOT DNA. 

AHSOT RNA transcribed i» vitro in the presence or absence of 
p factor was fractionated by centrifugation through a sucrose 
gradient. Figure 3 shows that the total RNA synthesised in 
vitro has a wide size distribution and that transcription of 
AHSOT DNA in the presence of p results in size reduction of 
RNA molecules having sedimentation constants of 16S or 
higher. The presence of tRNA,'¥?-like molecules along the 
gradient was determined, as described in Fig. 2b,by competition 
with E. coli ®*P-tR NA hybridisation to the L strand of @80psut 
DNA. The histograms presented in Fig. 3 show the distribu 











of the tyrosine specific tRNA-ltke chains in the gradient 
fractions. The tR NA.'* t-like chains seem to be located in two 


main fractions (2 and 3) on the gradient and to possess sedi- 
mentation values higher than 4S. Once again it is observed that 
























tRNA-like polynucleotides. 
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the presence of p during transcription results in a specific 
increase in the relative amounts of tRNA'Y?-like material 
possibly by causing termination outside the tRNA genes. 
Though the presence of p considerably reduced the size of 
Ah80T RNA it seems to have only a minimal effect on the size 
of tR NA-like material. The distribution of the total tR NA-like 
material transcribed on AH80T DNA (tRNAS, tRNA" and 
tRNA™#*) in the gradient fractions was determined as described 
in Fig. 2a by competition with the hybridisation of E. coli 
42P.tR NA to Ah8OT DNA and was found to be similar to that 
observed for tRNA!" chains (data not shown). In order to 
determine more accurately the size of the im vitro transcribed 
tRNA molecules we have analysed fractions 2 and 3 from the 
sucrose gradient by polyacrylamide gel electrophoresis in the 
presence of molecular size markers (Fig. 4). From the distribu- 
tion of the radioactivity of RNA in the polyacrylamide gel, 
average molecular weights of 2.3 x 10° and 1.2 10° are 
observed for sucrose gradient fractions 2 and 3 respectively. 
Are the three tRNA genes of AH8SOT DNA part of a single 
transcriptional unit? Evidence bearing on this question may be 
obtained by considering the transcription of the tRNA,'** gene. 
This gene was shown, by electron microscopy studies by Wu er 
al,*, to be located between tRNA,@!* (su*,,) and tRNA, Pr 
genes at a distance of 140 and 260 nucleotides respectively. 
If the tRNA, 'Y® gene is transcribed in a continuous sequence 
together with the adjacent tRNAs and spacer regions, the 
transcript should possess a much higher molecular weight than 
that of a mature tRNA. The purified RNA polymerase and 
factors used in in vitro studies is a suitable system for the 
detection of such primary transcription products since it lacks 
the precursor tRNA processing and modifying enzymes. 
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Fig. 3 Sucrose density gradient analysis of in vitro syn- 
thesised Ah8OT RNA. Ah8SO0F DNA (250 ug) was transcribed 
in vitro by RNA polymerase holoenzyme in the presence 
(@ —-— @) and absence (O ~e- O} of p factor in reaction 
mixtures as described in legend to Fig. 2a. Each preparation 
of synthesised RNA was dissolved in 150 yl of I= SSC, 
layered onto a 5 mi of 5-20% sucrose gradient in 1 x SSC 
and centrifuged for 44 h at 50,000 rpm. and 4° C in SW 
50.1 rotor Spinco model L centrifuge. Fractions of 7 drops 
were collected, aliquots of | yl were precipitated with tri- 
chloroacetic acid, filtered through nitrocellulose filters and 
the radioactivity retained on the filters determined. In the 
same run, in a separate sucrose gradient, 23S, 16S, and 48 
E. coli RNA were used as sedimentation constant markers. 


cribed in the legend for Fig. 2b. The relative amounts of 

tRNA? "like material are presented as the reciprocal of the 

in vitro synthesised RNA quantities which reduce by 50°), 
the “PARNA hybridisation to p80psus L strand DNA. 


Molecular weight 
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Fig. 4 Evaluation of the size of in vitro synthesised tRNA- ~ 
like material by polyacrylamide” gel electrophoresis. 
Fractions 2 (@--—~ -@) and 3 (O ——— O) of the Ah80T RNA 
synthesised in vitro by RNA polymerase in the presence of 
p factor (Fig. 3) were concentrated to 60 wl and layered 
on to a 2% acrylamide, 0.5%, agarose composite gel in 
Tris-EDTA-borate buffer (pH 8.3)'*. 238 and 168 E. coli 
rRNA, 9S rabbit globin mRNA, 5S RNA and 48 tRNA 
were used as markers. The electrophoresis was run for 2 h 
at O° C and 350 V. At the end of the run the markers were 
located by staining the gel with ‘Stains all (Eastman Kodak) 
and the distribution of the “H-RNA determined by counting 
i mm slices dissolved in 0.3 ml NCS-tissue solubiliser and 
3 mi toluene scintillator solution. 


The tRNA,'¥" sequences transcribed in vitro were found 
mainly in RNA molecules with an average molecular weight of 
230,000, a value close to that expected for a transcript of three 
tRNA genes of 80 nucleotides each and spacer regions of 140 
and 260 nucleotides. Our findings thus favour the hypothesis 
of a polycistronic precursor’. 

We thank Dr J. Carbon for providing us with the Ah80T 
phage, Dr S. Sarid for help with phage growth and Y. Tichauer 
for technical assistance. l 
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Uptake of Escherichia coli DNA into 
HeLa cells enhanced by amphotericin B 
MAMMALIAN cells in culture take up small amounts of DNA, 
presumably by pinocytosis’. Unlike bacterial cells the 
mammalian cells do not seem to require a special state of 


competence for DNA uptake’; and since naked DNA of. . 


oncogenic viruses can successfully infect. or transform 
cells‘, at least some of the DNA taken up by the cells can 
be functional. In spite of these successful experiments, 
however, almost all attempts to achieve controlled DNA 
transformation in mammalian cells have failed. The failure 
has been attributed to two factors: (1) insufficient trans- 
port of added DNA by the pinocytic mechanism’; and (2) 
degradation of the foreign DNA in lysosomes’. 

Modifications of the input DNA by % irradiation or 
shear®-” or partial degradation by nucleases" have generally 
only reduced uptake. A few complex polycations, including 
DEAE-dextran"’, protamine sulphate’*, polylysine and poly- 
ornithine’, do enhance transport into cultured human cells. 
The enhancement is however at the most two to three-fold. 
Also the treatments and effects of these agents are difficult 
to reverse or control, and some of the agents form insoluble 
complexes with DNA™® that may not be easily assimilated 
by cells. 

Encouraged by its capacity to promote uptake of a 
variety of antibiotics into fungal’ and animal” cells, we 
have tested the polyene macrolide antibiotic amphotericin 
B (AmB) as a potential agent to enhance uptake of DNA 
into HeLa cells. Here we report that while the levels of 
AmB required are high, the transport of DNA is increased 
8 to 10-fold under optimal conditions without affecting 
subsequent cell viability or growth. The process is reversible 
and can be controlled, because the increased transport 
stops when the cells are washed free of AmB. Furthermore, 
the DNA taken up in the presence of AmB is less altered 
than that transported in its absence. 

Figure | shows the kinetics of transport of E. coli DNA 
into HeLa cells in culture in the presence of different 
concentrations of AmB. Acid-precipitable radioactivity was 
measured in cells after they were washed with medium 
containing sodium iodoacetate to remove any nonspecifically 


bound DNA”. Samples incubated without AmB showed the — 


low level of transport already reported”, whereas samples 
that contained more than 20 ug mi“' of AmB showed a 
considerable enhancement in the transport of DNA. The 
transport was linear for 30 min, and reached a plateau 
value at 30 to 60 min. In some experiments, further incuba- 
tion caused a loss of 10°%~-30" of the wet internalised DNA, 
an observation similar to some earlier reports’. After 
3 h of incubation at the concentrations of AmB shown, 
85-90% of the cells were still viable, as judged by trypan 

© blue dye exclusion. Washed free of DNA and AmB, the 





Fig. 1 with 2.310% cells mi~’, there was 3.3 times 
‘DNA uptake in the presence of 200 ug mi’ AmB. I 










cells uniformly resumed growth and 2 
as well as untreated cells. | 

The interdependence of cell num 
and AmB concentration in determit 
uptake observed is comparable wit! 
potentiation of antibiotic uptake int 
(E. Battaner and B. V. K., unpublis 
shows this interdependence, where’ the 
cell number is shown to be particular 
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Fig. 1 Kinetics of transport of DNA by HeLa cells, Cells: 
grown in spinner culture in Joklick modified Eagle's medium. 
supplemented with 5% horse serum were centrifuged and > 
suspended in the same medium, but with 10% calf serum. 
The dispersed cells were counted in a haemocytometer, and > 
then dispensed in 4.5 ml portions into flasks at 37°C with 
different concentrations of amphotericin B and 77 pe of. 
E. coli 3H-DNA. The E, coli DNA was prepared by labelling. 
a culture of strain 15T7, a thymine auxotroph with H= -c7 
thymine for several generations. DNA was extracted accord: i- 
ing to ref. 28. It had a specific activity of 12,000 c.p.m. pg: 
and showed a characteristic narrow sedimentation distribu- 
tion in a sucrose gradient at 20° C. At specified time intervals. - 
portions of cell suspension were centrifuged and washed 
twice in incubation medium containing 0.025 M. sodium 
iodoacetate in the cold at pH 7.3 (ref. 22). Each equivalent 

of 0.5 mi of cell suspension was precipitated with 5%. 
CCLCOOH. The precipitate was collected on a glass fibre 
filter and counted in a toluene-based scintillant in a Packard 
Spectrometer. Acid precipitable radioactivity was plotted 
per ml of cell suspension. Amphotericin B concentrations ` 
used were 200 (O), 100 (©) and 20 (C) ug per ml of cell 
suspension, | . 


is probably because of the large number of sterol. binding — 
sites for AmB per cell”. For example, in the conditions of _ 









mal conditions. with 4.5 10° cells ml~' as in Fig. 2, tt 
was 8 to 10 times more DNA uptake. » GE ee 

Transport was inhibited 85-90% by 10 mM sodium cya- 
nide (Fig. 2) which is consistent with the idea that 
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Fig. 2 Transport of DNA by HeLa cells, HeLa cells (4.5 
x 10° cell mi~} were resuspended as in Fig. 1 and incubated 
in 0.5 mi portions at 37° C with specified concentrations of 
amphotericin B and E. coli °H-DNA. After 30 min, cells 
were washed and acid-precipitable radioactivity was measured 
as in Fig. 1. The response to AmB and DNA concentration 
in indicated. 4.5 x 10° cells ml~? incubated with 2 (C), 4 (O); 
8 (4) and 20 (2D) we of *H-DNA for 30 min at 37°C at 
the indicated concentrations of amphotericin B. A second 
set of samples incubated under identical conditions contained 
10 mM sodium cyanide with 2 (@), 4 (MB), 8 (a) and 20 (@) 
pg of 7H-DNA ml”. 


uptake might depend on an active process such as pino- 
cytosis™. Also, uptake was temperature dependent: at 0° C, 
it was completely inhibited in the absence of AmB, and was 
inhibted 50-60% in its presence. 

The effect of AmB on DNA uptake seems to require its 
simultaneous presence in the medium. For example, when 
cells were pretreated with AmB (Fig. 3) and washed free of 
AmB before incubation with DNA, they took up DNA only 
to the same extent as cells that had not been treated with 
AmB. This suggests that the binding of the drug to the 
cell membrane is reversible or temporary in its effect, and 
confirms that the short time of exposure of the cells to high 
concentrations of AmB is nontoxic and reversible. 

When Hela cells were incubated with different concen- 
trations of AmB and E. coli DNA for 30 min at 37° C, 
then washed free of AmB and DNA and incubated further 
in fresh medium, it was found that the acid-precipitable 
radioactivity in the cells declined steadily. After 8 h only 
about two thirds of the DNA taken up in untreated cells, 
and one-third of that transported in presence of AmB was 
still recoverable from cells. But the DNA extracted from 
the AmB treated cultures at any one time was relatively 
more intact, as judged by the sedimentation behaviour of 
the two DNA samples on an alkaline sucrose density grad- 
ient (data not shown). 


uptake of a variety of antibiotics 





Nature Vol. 250 July 26 1974 


bility th ‘that: bacterial DNA might be preserved in- 
n AmB treated cells was further supported by 





DNA-DNA hybridisation trials (Fig. 4). Labelled DNA re- 
extracted from cells treated with 200 ug of AmB ml”? for 


30 min reannealed to an extent indistinguishable from the 
input bacterial DNA; at this time, 70% of the label in cell 
incubated without AmB hybridised much more slowly. Very 


probably, it had already been degraded and the products 


reincorporated at random into HeLa cell sequences, 

The apparently prolonged intact survival of DNA 
sequences taken up in the presence of AmB could increase 
the probability of it functioning in the recipient cell. The 
binding of AmB to membrane sterols may increase endo- 
cytosis in a way that avoids a direct route to lysosomal 
vacuoles; or alternatively, the number of new phagosomes 
simply saturate the lysosomal complement of the cell for 
some time. At any rate, the advantage of increased survi- 
val of intact DNA, combined with the increased levels of 
uptake and the easy reversibility of the AmB effect, makes 
AmB a promising agent for permeability control. 

Though it is true that our arguments for the incorporation 
of the DNA into the cells are indirect, two kinds of data 
support the inference that AmB truly promotes uptake 
rather than a loose tonic association of DNA with the cell 
membrane, First, these concentrations of AmB potentiate 
70.21.37 and of macromole- 
cules that include RNase, DNase and even latex beads 1.1 
m in diameter (to be published). Second, the results satisfy 
the criteria for uptake in previous studies with DNA, 
including the requirement for energy and the resistance 
to extensive washing with iodoacetate. We are now testing 
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Fig. 3 Effect of pretreatment of cells with amphotericin B 
on the uptake of DNA. HeLa cells (5.0 x 10° cells ml~’) 
were washed as in Fig. 1 with medium containing sodium 
iodoacetate and incubated at 37° C for 30 min in 0.5 mi 
fractions with spec Ua concentrations of amphotericin B. 
After incubation, cells were washed free of amphotericin B 
and resuspended in the same volume with 4.4 wg of “H-DNA 
specific activity 24,500 c.p.m. yg"), Incubation was then 
resumed in the presence (@) or absence (©) of amphotericin 
B at the indicated levels. Cells were then washed and 
assayed for incorporated DNA as in Fig. 1. 
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Fig. 4 Reannealing of DNA reisolated from Hela cells 
which had taken up E. coli *H-DNA. HeLa cells (2.5 x 10° 
cells mi~’) were incubated with 200 ug mi (4) or 0 pg 
(©) of amphotericin B in the presence of 45yug of E. coli 
"H-DNA (specific activity. 18,400 cpm. pe~') at 37° C for 
30 min. After. incubation, cells (15 x 10°) were washed and 
DNA was re-extracted”*. DNA was then hear denatured to 
single strands and DNA-DNA hybridisation was conducted 
essentially according to ref. 29. In a control experiment a 
comparable. amount of E. coli *“H-DNA that had not been 
exposed to Hela cells was denatured and its capacity to 
reanneal with itself was measured (O). The reaction mixtures 
each contained 8 wg (1,030 c.p.m.) of labelled DNA and 
the specified amount of unlabelled E. coli DNA. Another 
set of control samples was incubated with HeLa cell DNA 
and a blank filter. The low levels of radioactivity nonspeci- 
fically absorbed to the control filters (about 5% of the 
experimental values) were subtracted from the test samples 
before raleulaune: the percentage hybridisation. 


for the expression of the DNA comod into the cells. 
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Effect of a protein-free diet on mitotic activity l 
of transplanted splenic lymphocytes 


Tue graft versus host reaction (GHR) is initiated by donor 
thymus-derived lymphocytes! ~*, and, the defence reaction of the 
host seems to be influenced by the extent of host lymphoid 
tissue’. Dietary protein deprivation provokes an involution of- 
the lymphoid organs, mainly of the thymus and of the thymus- . 
dependent fraction of blood and lymphoid tissue lymphocytes®”. - 
It is therefore of interest to know if a protein-free diet given to - 
donors of a spleen graft inhibits the GHR reactivity of the — 
grafted lymphocytes, and if the same diet given to recipients. 
lowers the capacity of these animals to react against the grafted 
cells. | 
The latter hypothesis has already been confirmed®, A frat 
lymph node GvHR, produced in hybrid F, rats by injection of 
parental spleen lymphocytes, was reported to be much weaker 
in protein-deprived recipients than in normally fed ones. In 
contrast, the weight response of the popliteal lymph node after 
subplantar injection of lymphocytes from protein-deprived 
parental rats was not reduced. Here, I report the influence:of 
protein deprivation of donors or recipients on the proliferation 
of grafted lymphocytes recognised by the Y chromosome,” 

Adult female (Sherman x Wistar) F, hybrid rats were inocu- 
lated intraperitoneally with splenic lymphocytes from male 
parental (Sherman) rats. The cell suspensions were prepared as 
described previously*. The dose of injected viable cells (un- 
stained by erythrosine) was 120 x 10° or 60 x 10° depending on 
whether the recipients were fed normally or had been fed on a 
protein-free diet for the previous two months. (For composition 
of diet see ref. 9.) The terminal body weight was about 210 g for 
the normal rats and 105 g for the deficient ones. 7 

The donors also included normally fed and protein-deprived 
rats. Among the former, 12 rats had been thymectomised at 25d — 
of age. These were introduced into the study to see whether thè 
thymic atrophy of protein-deprived donors could be responsible 
for the blocking of the multiplication of grafted cells derived 
from these rats. 
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Strain and sex Diet 
Donor Recipient Donor Recipient 
Total 
mitoses 

700 
Sherman (Sherman x Normal Normal 7,43 
Wistar) F, +0.75 

3 2 + 

3 Q Normal Protein- 1.71 

free -+0.03 

| | 7) 

3 F Protein- Normal 6.00 

free -+0.38 

| l (7) 

3 Y Protein- Protein- —— 
free free 

Thymect. 9 Normal Normal 4.71 
Sherman 3 +:0.36 

< (7) 

E Sherman d Sherman ? Normal Normal a 

= (Syngeneic controls) 
Uninjected Sherman Normal 
T 


Table 1 Mitoses of donor cells in spleen of recipient rats during À 


6h 
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Donor  — Tótalb© = Donor. Total Donor 
mitoses = mitoses mitoses mitoses mitoses 
t af 8, p“ pA 
£Q PO D ge o 
19.93 13.67 14.51 18.20 6.93 
+7.05 +0.92 -+2.08 +1.91 +1.99 
(6) (5) 
0 7.50 11.00 8.67 17.67 
+0.99 -+4.30 +1.98 + 3.80 
(6) (6) 
12.23 3 15.50 0 19.33 0.93 
+3,73 41.77 +2.73 4-0.93 
(6) (6) 
mn 7.17 6.36 11.40 21.00 
+0.70 -+0.94 + 3.04 + 3.67 
(6) (6) 
0.79 9.00 9.16 a — 
+0.79 +1.61 +5.67 
(3) 
9.60 2.00 4.75 
+0.93 +1.23 +0.85 
(3) (5) 
4.00 —_ 
+0.63 





Values are means + s.e. The numbers of rats are indicated in parentheses. All recipient rats had been injected intraperitoneally 1 h 30 min 
before killing with 0.25 mg per 100 g of colchicine. The total number of mitoses was established on chromosomal preparations performed 
according to ref. 13 and stained with Unna’s Blue. The percentages of mitoses of the male donor cells were counted after construction of karyo- 

: types from 100 selected mitotic figures. 


The F, recipients were killed 6 h, 48 h or 7 d after the trans- 
plantation. Uninjected female Sherman controls or female 
Sherman rats injected with 120 x 10° male Sherman lympho- 
cytes and killed after 48 h or 7 d were also studied to exclude 
GvHR-independent mitotic activity. 

As shown in Table 1, normally fed F, recipients inoculated 
with normal parental lymphocytes exhibited a progressive 
_ increase in the mitotic index between days | and 8, whereas the 
_ percentage of male (donor) mitoses dropped from about 20 to 7. 
These results agree with already published reports?! ~? indicating 
that cellular proliferation in the spleen, induced by GvHR, is 
mainly of host origin. In normal recipients inoculated with 
lymphocytes from protein-deprived donors, the total number of 
mitoses per 10° cells showed the same changes as in the above 
group but the mitoses of the grafted cells disappeared almost 
completely after 48 h and 7 d. As shown by the total number of 
mitotic figures, the host reaction was at least as important as 
after inoculation of normal parental lymphocytes. 

If the protein-free diet was given not to the donors but to the 
recipients, splenic mitoses were much less numerous than in 
normal recipients although their number increased between 
days 1 and 8. No donor cell mitoses were detected 6 h after 
transplantation but the initial inhibition of the grafted cells was 
only temporary and after 7 d the number of male mitoses 
became even significantly higher in protein-deprived than in 
normal recipients. Since the proliferation of the parental lympho- 
cytes seems to be conditioned by continuous stimulation 
exercised by alloantigens of the host cells!?, it seems that the 
latter cells preserve their capacity of stimulating the donor 
lymphocytes, although (partly) losing their ability to defend 
-themselves against their aggressors. 

-If both donors and recipients were deprived of proteins, the 
total number of mitotic figures was as low as in the preceding 
group, although higher than in uninjected rats. But the multi- 
- plication of donor cells from protein-deprived parents was not 
_ at all impaired after contact with cells of protein-deprived 
- recipients while it was, as seen above, inhibited by lymphocytes 
of normally fed F, hybrids. 

- The inability of lymphocytes from protein-deprived donors to 
divide in the spleen of normal recipients could not be attributed 
exclusively to the low content of the graft in GvH-reactive T 


lymphocytes because of the thymic atrophy of the donors 
Indeed, if the transplanted lymphocytes came from normally fed 
but thymectomised parental rats, the multiplication of these 
cells in the recipients, although completely inhibited in all rats 
during the first hours and in some rats even 2 d after inoculation, 
reached normal levels in other rats after 2 d. Since thymic 
atrophy cannot be more harmful than late thymectomy, it may 
well be that the suppression of mitotic division of cells from pro- 
tein-deprived donors may be due to inactivation of donor B 
lymphocytes as well as to inactivation of T lymphocytes. 

Assuming that the GvHR-initiating role of the donor T cells 
consists in the recognition of foreign histocompatibility antigens 
of the host!*, and that this recognition is followed by production 
of antibodies by donor B lymphocytes against these antigens, it 
may be that protein deprivation of donor rats does not com- 
pletely impair the capacity of their T lymphocytes to recognise 
alloantigens but that the immunological response of their B 
cells is prevented. This naturally facilitates the host reaction 
against the grafted lymphocytes, from protein-deprived donors, 
which may explain the blocking of proliferation of the latter 
cells. 
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Neutral evolution 
and immunoglobulin diversity 


Tue origin of immunoglobulin diversity and species specificity 
continues to be a controversial topic. Proponents of the germ 
line theory have presented a limited gene expansion-contraction 
model in general terms!?; the mechanism has not yet been 
demonstrated to produce sufficiently rapid changes in a multi- 
gene system to account for the observed phenomena. Species 
divergence of immunoglobulin V regions continues to be cited 
as strong evidence against multiple germ line V genes*°, We 
report here computer simulation of random unequal crossing 
over within a system of multiple related genes and compare the 
results with the relationships observed between immuno- 
‘globulin V region sequences from different species. We conclude 


that the species-specific features of immunoglobulin V regions ` 


can arise as a result of such random processes operating in the 
multigene set. 

We assume that the previous evolutionary history of the 
organism established a set of genes by repeated duplication and 
accumulation of point mutations such that the individual genes 
are homologous but not necessarily identical. The homology ts 
compatible with continued unequal crossing over. This event 
and its consequences are illustrated in Fig. 1. In the absence of 
any meiotic distortion the probability of the progeny receiving 
a chromosome with one additional gene or with one less gene is 
equal. In the absence of selective pressures, the new duplication 
or deletion, in itself, would represent a neutral mutation and as 
such would become fixed in the population at a rate equal to the 
rate of occurrence of the event’. 

We simulated the evolution of 50 related genes by unequal 
crossing over in the absence of selection. At each step of an 
iterative process, a gene occupying one of the positions in the 
linear array was selected on a randam basis and was either dup- 
licated in the array or deleted. At each event, only the duplicated 
or the deleted product was chosen at random and was then 
assumed to become fixed in the population as a neutral muta- 
tion before the next repefition. Figure 2 is the result of 200 
repetitive cycles. Comparison of the evolved sequence with the 
initial sequence shows that some of the original genes have been 
eliminated and replaced by duplications of other original genes. 
The consequence is evolution of subgroups of closely related 
genes within a set of related genes. Point mutations and single 
codon additions or deletions will occur within genes of a sub- 
group during its evolutionary history. These events and the 


structure of the ancestral gene of each subgroup will give the © 


characteristic features of the subgroup and provide variation 
within the individual members. 

Speciation divides a common gene pool and permits random 
mutational events to act on the two resulting pools in an inde- 
pendent manner. This was simulated by taking the original set of 
50 related genes and repeating the 200 cycles of unequal cross 
overs under separate random control. Figure 3 compares the 
results of independent evolution of the two gene pools. In most 
cases, the remaining genes in the second example differ from 
those in the first as do the subgroups and their distribution. 
Speciation and subsequent independent evolution by this 


mechanism in the absence of any selective forces does permit | 


multiple homologous but nonidentical genes to evolve and 
produce species-specific subgroups which have descended from 
different ancestral genes. 

The simulation has been presented in terms of 50 genes; 
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Paternal chromosome 1 à 3 4 5 
Maternal chromosome t ee ae. 4 5 
| ee SS dee: NS, E 

Daughter chromatids | and B # 

l Ft a 


Fig. 1 Unequal crossing over between tandem sets of homo- 
logous genes and the products of the event. | 


however, the results are valid for larger sets, as shown in Fig. 4 
Within the limits of the random process, the number of cross 
overs required for any given reduction in number of subgroups 
is directly proportional to the number. of original genes. For 
example, 250 genes are reduced by 60% after 600 cross overs 
while 500 genes are reduced by 60% after 1,200 cross overs. 
Fifty genes are reduced to 1 subgroup after 2,000 cross overs and 
by extrapolation 1,000 genes would be reduced to 20 subgroups 
after 40,000 cross overs. | P 
The number of subgroups present in any species W 






on the'number of unequal cross overs which have been estab- 
lished following speciation (Fig. 4) and will also vary due to the _ 
random nature of the events involved. The model anticipates 
different numbers of subgroups in different species, such as 
appear to exist in mouse and human kappa chains'’, Although 
the total number of V genes tends to remain at a constant 
average level, random fluctuations about this mean value occur 
during any one simulation. The model could thus account for 
the differences in the proportion of kappa to lambda. chains - 
observed in different species. Similarly, variations in the propor- — 
tions of the heavy chain subgroups in different species are — 
expected*. 





234 5 6 7 & 910 TI 12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
41 42 43 44 45 46 47 48 49 50 


46 6 6 6 6 Bil 14 14 14 14 14 14 14 14 14 14 14 14 
21 22 22 22 30 36 37 37 43 43 43 48 48 48 48 48 48 48 48 48 
48 49 | 


Fig. 2 The origin of subgroups by unequal crossing over. The 
top set of numbers represent 50 homologous but nonidentical 
genes arranged in tandem order, Gene deletion and duplication 
was simulated as shown in Fig. | with random selection of the 
gene involved and of the deleted or duplicated product. After 
200 unequal cross overs the bottom set of numbers was obtained. 


The model as presented in its simplest form can account for 
many of the documented facts concerning the evolution of 
V region sequences’. The model depends on cross overs which 
are ubiquitous genetic events*. Once the initial unequal cross 
over has taken place in the multiple gene system, subsequent 
recombinations involving either the deleted or duplicated 
product will also be unequal and the process will be self propa- 
gating’. The frequency of unequal crossing over could approach 
the frequency of recombination which has been estimated to be 
2x10 for two markers separated by 1,000 tandem V genes’. 
If the average mammalian generation time is 4 yr’, one neutral 
unequal cross over would be established every 2,000 yr 
where the rate of fixation is equal to the rate of occurrence®. If 
the kappa V gene pool contains 1,000 genes, the data in Fig. 4 
suggest that 40,000 cross overs would be required to establish the 
present species divergence between mouse and human kappa 








` 21 22 22 22 30 36 37 37 43 43 43 48 48 48 48 48 48 48 48 48 
48 49 | 7 


3 7 71215 15 15 15 18 18 18 19 31 41 41 41 41 41 41 41 
41 41 41 41 41 41 41 41 41 41 42 42 42 42 42 42 42 43 43 44 
30 50 50 50 50 50 


Fig.3 The effect of speciation on evolution by unequal crossing 

over. The top set of numbers are the product of 200 simulated 

cross overs as shown in Fig. 2. Speciation was simulated by 

taking the original set of 50 numbers and repeating the 200 

unequal cross overs under separate random control. The bottom 

set of numbers is the result of the second series of unrelated 
random processes. 


chains. This would take 8x 10’ yr which is the time estimated 


forevolution of the primates!!. The model is therefore compatible: 


-=< with a pool size of 1,000 genes and the evolutionary time scale. 
~ Although the model has been tested in the absence of any 
ș selective pressures, it is obvious that these must exist. Simple 
= determinants elicit production of several variable region 

sequences which suggests that considerable redundancy or 
degeneracy exists in the immune system??"13. A single V region 
sequence with the unique capacity to combine with a given 
pathogenic determinant’ is probably rare. We feel that the 
major role of selection will be to prevent deletion of the final 
copy of certain genes essential for immunological survival of 
the species in its indigenous pathogenic environment. Deletion 
of the corresponding gene would be lethal. Simulation of this 
situation gives a result which is not significantly different from 
the simulation without selection. 

The model does not require extensive reduction or increase in 
gene number within the multiple gene system during evolution. 
Therefore, a fully functional immunological system will be 
available to the evolving species at all times. The past immuno- 
logical experience of the species will be contained in the gene 
copies and may be subject to gradual elimination only if these 
genes are of no selective advantage to the present phenotype. 
The model permits a response to present immunological 
challenges based on past experience while maintaining adequate 
options to meet future attacks. 
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Fig. 4 The effect of the number of unequal cross overs and size 
of the initial gene set on the number of subgroups. The number 
of subgroups are expressed as a percentage of the original 
number of genes in the set. A, 50 initial genes; @, 250 initial 
genes; ©, 500 initial genes; $, 1,000 initial genes. The star 
represents the convergence of all four curves at 100°. 
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; Note added ; in proof. Smith (Cold Spring Harbor Symp., 
in the press} has also used computer simulation to reach 


conclusions similar to those presented here. 
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Surface antigen(s) common 
to human astrocytoma cells 


SINCE animal tumours induced by viruses exhibit common 
antigenic properties', the extent to which antigens are shared 
in human tumours is of obvious interest. Such antigenic 
cross reactions between human tumours of the same histo- 
logical origin have been demonstrated by cell-mediated colony 
inhibition testing as well as by serological means’, But few 
immunological studies of human brain tumours have been 
reported. Studying the cytotoxic effect of patients’ lympho- 
cytes on autologous or allogeneic astrocytomas, some workers 
have found antigenic cross reaction’ while others have notë. I 
report here the serological demonstration of surface antigen(s) 
common to cultured human astrocytoma cells. 

Surgically removed human cerebral tumours were mechanic- 
ally dissaggregated and maintained in HEPES-buffered Eagle's 
Minimum Essential Medium with Earle’s salts, 10°, horse 
serum, 5°% foetal bovine serum, glucose (3 mg ml~*), glutamine 
(0.3 mg mil), penicillin (50 units ml“), streptomycin 
(50 ug mi) and Fungizone (2.5 ug mi) (M. S. Lakshmi, 
personal communication.) The cells used for immunisation 
were those designated Astrocytoma 301, cultures of which 
were shown to be mycoplasma- and virus-free and of glial 
morphology by electron microscopy. The cells were collected 
in EDTA (0.02%) and washed in phosphate-buffered saline 


(PBS), pH 7.2. A New Zealand white rabbit was injected 


intravenously with 25x 10° cells on days 0 and 14, and bled 
out on day 24. The serum was heated for 30 min at 56° C and 
its antibody activity assayed by dye exclusion cytotoxicity 
testing® using cultured astrocytoma cells as targets and guinea 
pig serum as the source of complement. The antiserum was 
repeatedly absorbed with normal brain homogenate until 
further absorptions did not decrease the cytotoxicity against 
Astrocytoma 301 cells. This required four absorptions (Fig. la). 

Brain homogenate was no more effective in decreasing 
cytotoxic activity than liver, spleen, kidney, myocardium or 
thyroid homogenates (Fig. ta, b). On a volume per volume 
basis, brain was no more efficient in absorbing the original | 
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Fig. 1 Dye exclusion cytotoxicity tests showing the activity 


of unabsorbed anti-astrocytoma 301 serum (@—---—-@) and, 


of the antiserum absorbed a, x4 or b, x6 with human brain 
(E W), liver (@ ---- @), spleen (O -7 7- ©), kidney 
(C C), heart (A~ A) and thyroid (A——— A). 
- Astrocytoma 301 cells, between third and sixth passage were 
‘collected in EDTA (0.02%), washed and suspended in phos- 
phate-buffered saline (pH 7.2) with 0.1% bovine serum albumin 
(PBS) at 10° cells mi. 25 pl of cells were incubated with 25 pl 
of doubling dilutions of antiserum for 30 min at 37° C; after 
washing once, cells were resuspended in fresh unabsorbed guinea 
pig serum diluted 1:4 in PBS for 30 min at 37° C following which 
the number of dead cells was assessed using trypan blue staining. 
For absorption, tissues were homogenised in a Potter-Elvehjem 
homogeniser, and washed x3 in PBS. The antiserum was mixed 
with equal volume of packed homogenate (centrifuged 3,600g x 
10 min) and absorbed for 30 min at 20° C with continuous shak- 
ing. @, Normal serum; ©, complement. 











Table 1 Absorption of anti-HAAA by non-astrocytoma cultures 


and homogenates 





Absorbing material “% Kill* of antic HAAA 








| Pass- 
Culture age Origin 5 2.5 1.25 0.62 
no. 
212 - 8  Meningioma 41 42 42 40 
217 4 Meningioma 4] 42 43 44 
222 3 Meningioma 40 43 42 45 
U2/18F 18 Breast epithelioma 46 45 43 43 
UL/i8t 18 Breast carcinoma 4] 52 50 42 
U3/15T 15 Breast carcinoma 43 43 44 42 
U7/2t 2 Breast fibroadenoma 37 40 45 48 
U9/167 16 Breast fibroadenoma 39 40 45 47 
MRC 5f — Human diploid fibro- 40 42 45 47 
blasts 
HeLat — Carcinoma cervix 43 43 46 46 
HFB.22 7 Foetal brain (22 week 44 42 43 44 
stage) 
HFB.22 — Foetal brain§ 50 49 46 46 
(homogenate) 
HFB.12 Foetal brain§ (12 week 48 47 47 45 
stage) 
Brain absorbed anti-HAAA serum 53 52 52 50 





*25 ul antic HAAA diluted 1:12, absorbed at 37° C as in Fig. 2 
_ with doubling dilutions of cells (x 10>) Kull with normal rabbit 
serum was < 10%. | 

+ Cells donated by Dr P. A. Riley. 
-$ Established line. 


>. § Doubling dilutions of 25 pl packed homogenate were used. 
ee opt ‘Controls were used as in Figs | and 2. 
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antiserum than other tissues tested; it is therefore un 
that there were any brain-specific antibodies in the o 
serum. Since the absorbed antiserum could not be fur 
absorbed by a number of nonastrocy . 
completely absorbed with cultured ç 
different astrocytomas (Fig. 2, Tabl 
antigen(s) defined by it as human a: 
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similar results were obtained. Absorption 
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antigen in vivo. CG ee DE 

In view of the failure of cultured cells from foetal brain — 
or normal brain homogenates to absorb the anti-HAAA | 
activity (Fig. 2, Table 1) it seems unlikely that HAAA is an _ 
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oncofoetal antigen or an astrocyte differentiation antigen, 

although the former cannot be entirely excluded since HAAA- 
expression could be restricted to a stage of embryogenesis not 
represented by the samples available here. It is also possible. 
that absorption with normal adult brain tissue from | 
individuals would reveal that HAAA is normally exp 
in a proportion of normal brains, making it an alloantige 
analogous to the thymus-leukaemia (TL) antigen in- mice 
The exact significance of the common antigen detected 








d here 
remains in doubt but could suggest a common viral aetiology. 
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The data suggest that appropriately absorbed heteroantisera 
may be useful tools for defining surface antigens of human 
tumours, as they appear to be for some cytoplasmic antigens. 
The demonstration of HAAA might stimulate renewed attempts 
at immunotherapy for gliomas’. 

i thank Professor K. R. Rees of the Department of Bio- 
chemical Pathology, University College Hospital Medical 
School and Dr M. Raff of the Neuroimmunology Project, 
Department of Zoology, University College London, for 
advice; and Mr B. J. Harries and Mr I. R. McCaul of University 
College Hospital and the Whittington Hospital, London, for 
surgical material. This work was supported by the Cancer 
Research Campaign. 

HUGH COAKHAM 
Department of Biochemical Pathology, 
University College Hospital Medical School, 
University Street, 
London, WCIE 637, UK 


Received March 22; revised May 6, 1974. 


t Klein, G., A. Rev. Microbiol., 20, 223 (1966). . 
* Hellström, IL, Hellström, K. E., Sjogren, H. O., and Warner, 
G., A., Int. J. Cancer, 7, 1 (1971), 
3 Morton, D. L.. Malmgren, R. A., Hall, W. T., and Shidlovsky, 
G., Surgery, 66, 152 (1969), 
* Kumar, S. Taylor, G., Steward, J. K.. Waghe, M. A., and 
= Morris-Jones, P., Jar, J. Cancer, 12, 194 (1973). 
® Levy, N. L., Mahaley, M. S., and Day, E. D., Cancer Res., 32, 
477 (1972). 
© Boyse, E. A., Old, L. J., and Chuuroulinkov, L, Methods in 
Medical Research, IV, 39, (Year Book Medical Publishers, 
Chicago, 1964), 
Boyse, E. A., and Old, L. J., 4. Rev. Genet., 3, 269 (1969), 
Bhattacharya, M., and Barlow, J. J, Cancer, 31, 588 (1973). 
Bloom, H. J. G., Peckham, M. J., Richardson, A. E., Alexander, 
P. A., and Payne, P. M., Br. J. Cancer, 27, 253 (1973). 


$O O ay 


Potent luteolytic agents related 
to prostaglandin F24 


EXPLOITATION of prostaglandin F, (PG Fa) and E, (PGE,) for 
the regulation of fertility in man and animals is limited by their 
side effects. Luteolytic agents which are much more potent than 
PGF,,, without being correspondingly more toxic, have been 
found among the many analogues of this prostaglandin syn- 
thesised in these laboratories, notably among compounds of 
general structure | (ref. 1). We present here results obtained 
with three compounds—ICI 79,939, ICI 80,996 and ICI 81,008 
--Which illustrate the variations in biological activity in this 
Series. 

The luteolytic activity of these compounds was assessed 
from their capacity to terminate pregnancy on administration 
(in phosphate buffer, pH 7.4) to hamsters and rats. They seem 
to be ineffective in this respect when given to hamsters before 
day 4, or rats before day 5 of pregnancy (vaginal sperm = day 
1). But, when given subcutaneously (s.c.) to hamsters on days 
4, 5 and 6, ICI 79,939 and ICI 80,996 are 200 times. and ICI 
$1,008 is 100 times as potent as PGF,,, in terminating preg- 
nancy, as judged by the absence of embryos from the uterus 
at autopsy on day 8. The fully effective daily dose of ICI 
79,939 or ICI 80,996 is 0.125 ug (~ 1.25 pg kg), and this 
same dose is equally effective given only once on day 4. The 
potencies of the analogues are comparable whether given by 
intraperitoneal (i.p.) or subcutaneous (s.c.) injection. By mouth, 
the analogues (given on days 4-6) are ‘only 1/20, and PGF,, 
1/40 as potent as when given s.c. 

These substances are much less effective in interrupting early 
pregnancy in rats. Administration of an s.c. dose, at ~ 1700 h on 

day 5 and again at ~ 1000 h and 1700 h on day 6 proved to be 
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OH OH R2 
I 
ICI 79,939 R,=F:R2=H (racemic) 
{CI 80,996 R,;=H;R2=Cl (racemic) 
ICI 81,008 R,=H;R2=CF; (racemic) 


most effective as judged by the absence of implants at autopsy 
on day 9 and 11. Minimum fully effective doses (MFED) in 
groups of six rats are shown in Table la. 

On this basis ICI 79,939 is ~ 200 times, and ICI 80,996 and 
ICI 81,008 are 100 times as potent as PGF,, in rats. | 

In both hamsters and rats given effective doses of these 
analogues, daily administration of progesterone (4 mg, s.c.) 
maintains pregnancy. Moreover, in rats given a single dose of 
ICI 79,939 (10 ug) or ICI 80,996 (25 ug) on day 6 of pregnancy, 
reductions in plasma progesterone of over 60%, were found 
6 h later. We conclude that these substances owe their effect on 
early pregnancy in both species to luteolysis. 

Administration of the analogues to rats in early pregnancy 
also results, within 48 h of the first dose, in the appearance of 
nucleated and/or cornified cells in the vaginal smear which is 
probably due to a decline in progesterone levels. It is seen also 
in intact or hysterectomised pseudopregnant rats dosed on day 
6 and 7 of pseudopregnancy (oestrus = day 1) with ICI 80,996 
(2.5 pg, s.c.) or ICI 81,008 (10ug, s.c.). This also is attributed 
to the luteolytic action of the compounds which thus seems to be 
independent of the presence of embryos in the uterus-—and 
even of the uterus itself. 

Rats are more sensitive to PGF,, (ref. 2) and the analogues 
around day 9 of pregnancy, when effective doses cause foetal 
resorption, and on day 19 or 20 when even smaller doses 
induce premature parturition. (Table 1b and c. Rats dosed on 
day 9 were autopsied on day 18. In rats dosed on day 20, 
parturition was taken to be premature if they littered before 
1100 h on day 22—-our rats normally litter between the after- 
noons of days 22 and 23.) 

it will be seen that the relative efficacy of PGF. and the 
analogues at these later stages of pregnancy in rats is similar to 
their relative luteolytic potency in early pregnancy in hamsters 
and rats. Moreover PGE, which is a weak luteolytic agent’ 
but very potent smooth muscle stimulant (Table 2) has to be 
given in a very high dose (Table 1) to cause rats to litter pre- 
maturely. It is probably, therefore, by virtue of their luteolytic 





Doses of PGF,,, its analogues, and PGE, required to 
interrupt pregnancy in rats. 


MFED (ug kg? : total) 


b 
day 9 


Table 1 


a c 
Compound Dosed day 5 Dosed Dosed day 20 





(p.m.) + day 6 (a.m. and p.m.) (1400 h) -7 
(a.m. and p.m.) 
TE o 5. € S. £ Lp. 

PGF., 27,000 o n.t. n.t 360 
ICI 79,939 135 22 0.9 0.9 
ICI 80,996 270 Ze 0.9 0.9 
ICT 81,008 270 90 1.8 27 
PGE, n.t. n.t n.i 3,600 
(n.t, =— not tested), 
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PGF. , (assigned) | (assigned) 
ICI 79,939 9.5 

ICI 80,996 0.6 

ICI 81,008 ot 036 
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From our resolta: it seems s that, while the analogues described 
are similar in luteolytic: ‘potency and all are many times as 
potent as T Do differ. P as smooth mise 






y cic on the luteolytic activity of 
these analogues in farm animals** and their potential for the 
control of oestrus and the treatment of infertility in cattle? and 
horses®** and the induction of farrowing in pigs’. Results in 
pig-tail monkeys (Macaca nemestrina) suggest that ICI 80,996 
and, more particularly, ICI 81,008 may also be of value as 
antifertility agents in women. A s.c. dose of 50 ug kg” of ICI 
80,996 or 100 pg kg! of ICI 81,008 given on day 20 of the 
(30-31 d) cycle and on the next 4 to 5 d, causes menstrual 
bleeding 4 to 7 d before the expected time. The rapid fall in 
plasma progesterone during treatment and before the onset of 
bleeding indicates that this is due to luteolysis. Several of the 


monkeys given ICI 80,996 suffered transient side effects, chiefly © 


diarrhoea, but with ICI 81,008 these were infrequent and mild. 

We thank P. H. Atkinson, R. Chester, B. Valcaccia and A. J. 
Vernall for assistance, G. Smith for progesterone assays and 
Dr N. S. Crossley and his colleagues for providing the com- 
pounds. 
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‘Potent bronchoconstrictor 


activity of 15-keto prostaglandin F,, _ 


THE effects of parent prostaglandins (PG) on bronchial musde 
in vitro“ and in vivot® have been characterised, but the _ 
pharmacological properties of their metabolites are ‘Jess well : 
defined. The lung is an important site of PG metabolism ) nd a 
better understanding of the effects of the various met | 
necessary since PGs are now recognised as compoun 
in asthma. Modification of PG metabolism itsel: 
responsible for the aetiology of the asthmatic bror 
particularly since asthmatic subjects have been sh 
considerably more sensitive to inhaled PGF,, than th 
population®. We have shown that I5-keto PGF,, posses 
very potent bronchoconstrictor activity and is probabl 
important in asthma. 

Two enzymes in the lung are responsible for metabolis 
PG: 15-hydroxy prostaglandin dehydrogenase, which c 
for example, PGF,, to 15-keto PGF,, and 13:14 pros 
reductase which reduces 15-keto PGF,, to dihydr 
PGF,.. In lung from most species, these enzymes are 
related and the intermediate, 15-keto PGF,, is not seen in the 
tissue or in the blood leaving the lung. 

Dihydro-15-keto PGF,,, the usual metabolite imed. fro! 
PGF,,, has been shown to have little spasmogenic activity o 
many tissues? but the data on 15-keto PGF,, (ref. Be ar Si 
incomplete. Brock 
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15 keto PGF, 


15-keto PGF,, was synthesised from PGF,, by oxidation with- 
activated manganese dioxide? and purified by column and 
plate chromatography ; its structure was confirmed by nuclear 
magnetic resonance and mass spectrometry. Biosynthesis using 
homogenates of swine lung)” followed by similar purification 
gave the same compound. 

15-keto PGF,, was assayed biologically in vitro on guinea 
pig ileum, guinea pig tracheal chains, rat colon, stomach strip 
and uterus, rabbit aortic strips, gerbil colon and human bron- 
chial muscle strips. Table 1 shows the relative potencies of 
PGF,, and 15-keto PGF,, on these tissues, indicating that 
15-keto PGF,, is more potent than PGF,, on most prepa 
Synthetic and biosynthetic 15-keto PGF,, were a 
in each test. l 

PGD,, an isomer of PGE, and 15-keto PGF,,, was a potent 
bronchoconstrictor substance, having the same order of. potency a 
as PGF,,. This suggests that the 9-hydroxyl group is necessary 
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for bronchoconstrictor activity but substitution in the 15 
position is less critical. Uncharacteristic responses are, however, 
occasionally produced by most prostaglandins and although 
PGE, is usually bronchodilator, it sometimes causes broncho- 
constriction (H. O. J. Colher and P. Gardiner, symposium on 
Bronchodilator Drugs, Royal College of Physicians, 1 October, 
1973). 

All three isomers have been isolated from bovine lung 
perfusates following immunological challenge. The contraction 
of both human bronchial muscle strips and guinea pig ileum 
produced by [5-keto PGF,, is similar in character to that of 
slow-reacting substance in anaphylaxis (SRS-A), although the 
substances can be separated by chromatography. 


Table 1 Effect of 15-keto PGF,, relative to PGF,, on various isolated 
smooth muscle preparations 
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Pharmacological isolated Relative potency of 15- keto 





preparation PGF (PGF, = 1) 

Guinea pig ileum (11) 2—~4 

Gerbil colon (11) 5-10 
Guinea pig trachea (12) 2—3 
Human bronchial muscle (3) |—-2 

Rat colon (1) |—2 

Rat stomach strip (1 0-—3* 

Rat uterus (11) 0.1—-6* 
Rabbit aortic strip (11) F 





* Variableresponses, with no apparent relationship to concentration. 
t No response to either, 
Figures in brackets indicate references to methods used. 


The belief that prostaglandins are of importance in asthma? 
is greatly strengthened by this work, which suggests a definitive 
involvement of PGs and their metabolites in the asthmatic 
bronchospasm. Further work to establish the role of 15-keto 
PGF,, and other metabolites is in progress. 

We thank Dr R. G. Harrtson for the preparation of synthetic 
[5-keto PGF,,. Mr J. R. Boot for PGD; and 15-keto PGF,, and 
Mr J. W. Jackson and Sister J. DeMulder of Harefield Hospital, 
Middlesex for their help in obtaining specimens of human lung. 
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Origin of asymmetry in biomolecules 


OnE of the most exciting hypotheses put forward to explain the 
molecular asymmetry of living beings is based on a physical 
concept, the ‘parity nonconservation law™. According to this, 
matter is intrinsically asymmetric (B particles are always spin 
polarised) and the molecular asymmetry on Earth is a reflection 
of the structure of matter itself?->. Though the theory is attrac- 
tive, experimental results are controversial. Some people have 
reported differences in the radiation susceptibility of the two 
enantiomers (pb and L forms) of a molecule if irradiated with 
B- particles and/or their associated circularly polarised y rays 
(bremsstrahlung)®, whereas others have failed to detect any 
differential radiolysis in similar experiments’. One possible 
explanation for the controversial data may be that the de- 
composition of molecules depends on many factors which 
may mask the expected differential interaction between B~ 
particles and optical isomers. To avoid these disturbing factors, 
we studied the annihilation of B* particles in optical isomers, 
exploiting the great advantage of this technique that H gives 
information about the interaction process itself rather than 
about the products of interaction. 

The purity of the samples used throughout the experiments 
was checked by conventional methods. On paper chromato- 
grams with different solvent systems each gave one spot. 
The absorption, CD and luminescence spectra of the enan- 
tiomers were the same between the limit of experimental 
errors. Sodium-22 was used as the positron emitter. Crystalline 
D and L amino acids were packed around the **Na source 
(activity 0.8 pCi) to a thickness of 6 to 7 mm, and it was placed 
between two scintillation counters of NEII plastic phosphor 
coupled to AVPS6 photomultipliers. Conventional electronic 
circuits selected coincidences between the 1.28-MeV y radiation 
of the “*Na and the 0.51-MeV annihilation radiation produced 
in the crystals of the two enantiomers. The positrons annihilate 
on free electrons with a short lifetime" (t ~ 2 x 107" s) and 
may form positroniums in singlet (t, ~ 1.2 x 107! s) and 
triplet states (t, ~ 2.7 x 1077 s) with bound electrons. The 
triplet positroniums do not, however, live as long in condensed 
matter, because they transform to the singlet state by the so- 
called ‘pick-off’ mechanism with a lifetime of ty ~ I to 50 x 


O.51-MeV y rays. The time delay was measured by a time-to- 
amplitude converter and multichannel analyser. 





Table 1 Triplet intensity in L and pD isomers; data from positron 
annihilation time spectra 
No. of 
Material independent L D D/L. 
runs 
Phenylalanine 8 11.0 (6) 13.4 (6) 0.83 (6) 
(Calbiochem) 
Tyrosine 8 4.4 (2) 4.7 (2) 0.94 (6) 
(Sigma Chemical Corp.) . 
Dihydroxy-phenyl-alanine 4 1.6 (i) 2.2 (1) 0.72 (6) 
(Nutritional Biochemical 
Corp.) 

Tryptophan! e 4 12.0 (1) 18.0 (D 0.67 (7) 
(Nutritional Biochem. | 
Corp.) 

Tryptophan? 4 18.8 (10) 22.8 (10) 0.82 (5) 
(Koch-Light Laboratories 
Ltd) 





Nature Vol. 250 July 26 1974 


The results are summarised in Table 1. There are clearly 
significant differences in triplet annihilation intensity between 
L and D amino acids. In other words the experiments show 
that the D isomers of amino acids favour triplet states in case 
of forward polarised B+ particles. 

It seems likely from this evidence that B decay was the cause 
of an initial asymmetry in the racemic mixtures present on 
the primordial Earth. This tiny initial asymmetry was probably 
enough, in the course of chemical and biological evolution, 
to nudge the system into a highly asymmetric state by one or 
other of the mechanisms suggested by Wald’ and others!’"!?. 

For the physical interpretation of the effect we rely on the 
fact'* that the symmetry properties of optical isomers are 
compatible with the existence of second rank pseudotensors 
characterising the isomers. The correlation tensor <v,9, 
between the velocity and the spin of the electrons of the sample 
is of this type. Therefore those components of the correlation 
tensor which are allowed by the symmetry may differ from 
zero. In a solution, for example, the correlation tensor has 
the form, 

Vap = Koay 
where the coefficient K is of different sign in L and D species. 
In other words, when K + O the electron spins are aligned 
predominantly parallel to the motion in one of the optical 
isomers, and antiparallel in the other. 

If we suppose that the probability of positronium formation 
depends on the relative velocity of the positrons and the elec- 
trons, then since the positrons are polarised this assumption 
immediately leads to the consequence that when K ~ O, the 
relative probabilities of ortho- and para-positronium formation 
differ for differential optical isomers. This difference is indeed 
observed in the experiment described above. 
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Abnormality in tissue isoferritin 
distribution in idiopathic haemochromatosis 


IDIOPATHIC haemochromatosis (IHC) is generally considered 
to result from an inherited abnormality of iron metabolism 
in which excess iron accumulates m tissues such as liver, 
heart and pancreas, causing structural and functional 
abnormalities’. The clinical and pathological features of 
the disease have been well characterised™? although the 
mode of inheritance is uncertain because of the lack of a 
reliable genetic marker, In spite of several theories™", the 
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metabolic abnormality leading to excess iron storage 
remains unknown, 
Much of the excess iron is deposited in ferritin, Although 


the major function of this protein was thought to be the 
detoxification and storage of iron, it now seems to have 
a more extensive function. For example, it acts catalytic- 
ally in the oxidation and storage of iron’*’*, and there is 
evidence for metabolically different ferritins. We found 
a structural heterogeneity in many tissue ferritins which 
may correlate with this functional heterogeneity. Most 
tissues from normal subjects contain several isoferritins, 
many of which are common to several tissues. The relative 
distribution and iron content of these isoferritins are 
characteristic of the tissue of origin (our unpublished 
results). Because of this evidence of multiple organ-specific 
forms and metabolically distinct pools of ferritin, and also 
the demonstration of an alteration in isoferritin profile in 
human hepatoma", we have examined ferritin isolated from 
liver and other organs in patients with IHC and in control 
subjects. We found an apparent absence of the more acidic 
isoferritins that predominate in normal heart, pancreas and 
kidney ferritin. The haemochromatotic tissue ferritins all 
closely resembled normal liver ferritin in their isoferritin 
profile, iron content of the isoferritins and in amino acid 
composition. By contrast, tissue ferritins isolated from 
patients with alcoholic cirrhosis or secondary iron over- 
load showed the normal organ distribution in isoferritin 
profile and in iron content. 





oc i 
$ 4 
l 1 i 
Fig. 1 Gel electrofocusing in 4% polyacrylamide using 2% 


ampholytes, pH range 5-7, of purified ferritin isolated from 

human liver (L), spleen (S), heart (H), pancreas (P) and 

kidney (K) from a normal subject (a) and a patient with 

idopathic haemochromatosis (b). Between 25 and 35 ug of 

protein was applied to all gels. After equilibrium was 

attained, the gels were stained for protein using Coomassie 
blue. 


Fresh human tissues were obtained post-mortem from 
three patients with IHC (all untreated and diagnosed 
according to published criteria™), two with alcoholic cirr- 
hosis. cne with post-transfusional haemosiderosis and two 
control subjects. Ferritin was isolated by the method of 
Drysdale and Munro,” except that carboxymethyl cellulose 
chromatography was omitted to avoid possible selective loss 
of isoferritins of differing charge. In contrast to methods 
which include high speed centrifugation for purification, 
this procedure ensures the collection of both iron-laden 
ferritin and the lighter apoferritin, which is important in 
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Table 1 Amino acid composition of normal and haemochromatosis 
tissue ferritin 


a! 


Amino l Normal Haemochromatosis 
acid Liver Spleen Kidney Liver Spleen Kidney 
Lys 13.1 13.8 9.15 12.3 13.3 (235 
Hist 6.6 7.4 4.9 kl 7.1 6.3 
Arg 8.6 9.8 1.2 10.3 9.6 8.2 
Asp 20.1 19.5 19.7 21s) 21.4 21.0 
Thre 8.5 9,3 9.15 7.3 EN 7.1 
Ser 10.0 10.3 10.45 8.2 6.9 9.6 
Glu 22.9 18.3 22.5 22.8 20.6 23.9 
Pro Fal 7.6 10.3 5.3 6.3 5.4 
Gly 13.1 130 16.2 12:5 13.9 12.9 
Ala 15.2 15.4 15.1 16.1 16.2 15.8 
Cyst* 2.1 F7 4.9 2.6 2.3 2.0 
Val 8.9 9.8 10.4 7.4 8.3 7.3 
Metht 3.2 1.8 3.5 3.5 22 3.9 
Heu 4.0 3.5 5.7 4.0 3.5 3.6 
Leu 20.9 23.1 18.8 24.6 23-7 24.3 
Tyr 5.6 me: die 6.2 7.0 6.7 
Phe 7.6 8.3 7.0 8.1 7.9 8.7 





Tissue ferritins were isolated and purified as described in the text. The 
results are expressed as residues 180 amino acid subunit and are means 
of at least two duplicate determinations on each sample. 

* Determined as cysteic acid plus half cystein. 

t Includes methionine and methionine sulphoxide. 


view of the variable iron content of unfractionated ferritin’ 
and its multiple molecular forms (our unpublished results). 
Each tissue ferritin preparation appeared to be pure by gel 
electrophoresis since all protein in each preparation also 
stained for iron with Prussian blue, a commonly accepted 
criterion for ferritin purity. | 

The tissue ferritin preparations were also analysed by 
gel electrofocusing (GEF) at 4° C in 4% polyacrylamide 
gel cylinders with 2% ampholytes, pH range 5-7, in 
apparatus from Medical Research Apparatus, Boston”, 
The gels were stained for protein with Coomassie blue or 
for iron using potassium ferrocyanide. To establish that all 
protein bands obtained from each ferritin preparation by 
GEF represented isoferritins and not other contaminating 
proteins, duplicate gels were subjected to direct immuno- 
precipitation in situ with a specific rabbit anti-human-liver 
ferritin antiserum. This antiserum recognised all the tissue 
ferritins with a line of complete identity by Ouchterlony 





Fig. 2 Analytical gel electrofocusing was performed as 
described in Fig. 1. In this case, the bels were stained for 
iron using Prussian blue. The isoferritins in normal pancreas 
did not stain for iron, even when the gels were relatively 
overloaded with protein. a, Normal; b, haemochromatosis. 
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analysis and, in addition, precipitated all the. isoferritins 
previously demonstrated in the various normal tissues (our 
unpublished results), The resulting pattern of immuno- 
precipitates after GEF coresponded in position in each 
instance to the protein bands (our unpublished results), con- 
firming that all protein bands were ferritins. 

In agreement with our previous findings (unpublished), 
there were characteristic differences in electrophoretic 
mobilities of the ferritins from normal tissues. These dif- 
ferences were more evident at the higher resolution given 
by GEF. There were striking differences between the tissue 
ferritins in the isoferritin distribution and the iron content 
of the individual isoferritins (Figs 1 and 2). Thus, the 
number and relative amounts of various isoferritins, as well 
as their iron content varied with the tissue of origin, This 
organ-specific variation in isoferritin pattern and iron 
content was also demonstrable in ferritins isolated from the 
tissues of the two patients with cirrhosis and one with 
transfusional haemosiderosis. In contrast, ferritins isolated 
from each of the five tissues from three patients with LHC 
were remarkably uniform in electrophoretic mobility, 
isoferritin profile and the iron content of their isoferritins 
(Figs 1 and 2). These results were substantiated by amino 
acid analyses which showed that the composition of dif- 
ferent tissue ferritins in IHC were very similar and closely 
resembled that of normal liver ferritin. This contrasts with 
the variation in amino acid compositions of normal tissue 
ferritins (our unpublished results). Immunodiffusion experi- 
ments using five animal antisera to heterologous ferritins 
revealed no immunological differences between normal 
liver ferritin and the ferritins isolated from haemochro- 
matotic tissues when tested by double diffusion on 
Ouchterlony plates. 

The electrophoretic mobilities and isoferritin profiles of 
tissue ferritins from a patient with post-transfusional 
haemosiderosis were normal. Alfrey obtained similar results 
by electrophoresis with two patients with post-transfusional 
haemosiderosis”. Linder-Horowitz et al‘? demonstrated 
that experimental iron loading in rats did not alter the gene 
expression for ferritin. It is unlikely, therefore, that the 
abnormalities in tissue ferritins which we have demon- 
strated in patients with THC are merely the result of 
increased iron concentration. Rather, the atypical isofer- 
ritin distribution seems to be specific for this disease. 

There is increasing evidence that the structural hetero- 
geneity in different ferritins from normal tissues reflects 
functional differences in these proteins in iron metabol- 
ism’*'*?° Variations in isoferritin profile among normal 
tissue ferritins may be due either to the presence of differ- 
ent cell populations in the different tissues, or to different 
metabolic functions of the multiple isoferritins. Recent 
work” has suggested that much of the structural hetero- 
geneity in tissue ferritins represents hybrid molecules con- 
sisting of different proportions of dissimilar subunits, 
somewhat analogous to other hybrid isoenzymes such as 
lactic dehydrogenase. The abnormally uniform distribution 
of tissue isoferritins which we have demonstrated in THC 
could result from the generalised deposition of a catabolic 
or storage ferritin’*’* normally present predominantly in 
liver and spleen or from a decreased synthesis of the more 
acidic isoferritins present in heart, kidney and pancreas. 
This may represent a genetic defect in the synthesis of a 
subunit type found normally in these tissue ferritins. 
Whether the abnormalty in tissue isoferritins in THC 1s 
directly related to the primary genetic defect of this disease 
requires confirmation by further studies of asymptomatic 
relatives of patients and more detailed anlysis of the 
primary structure of ferritin. 

This work was supported by a US Public Health Service 
international postdoctoral research fellowship and grants 
from the American Cancer Society and the National In- 
stitutes of Health. 
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f oxidising d ct int 
For some two ‘need: years, certain foodstuffs have been 
known to trigger migraine attacks’. In 1967, knowing that 
_ cheese is a common dietary trigger to migraine, Hanington’ 
= fed tyramine, which it is known to contain, to affected 
-subjects and by this action was able to initiate headache 
j TS 

-Even though cheese and tyramine-containing foods are 
requently implicated as headache precipitants, by far the 
onest of the dietary triggers is checolate? which does 
-ontain tyramine. according to a recent analysis per- 
formed by the British Food Manufacturing Industries 
earch Association. This analysis did however reveal 
presence of large amounts of phenylethylamine, at least 
per 2 ounce bar; of the other common dietary precipi- 





















Table 1 Effect of phenylethylamine in chocolate-sensiti 


migraine l 
Lactose Phenyieihylamin 
Headache 18 
No headache 30 18 





tants tested, a large number of cheeses, but not all, con- 
tained phenylethylamine, as do some red wines (M. fF | 
Saxby, personal communication). It therefore seemed of | 
interest to determine whether oral phenylethylamine alone. 
is able to initiate an attack of migraine: in susceptible | 
subjects. i ao 
Forty-six migraine sufferers who claimed, in answe AE 
questionnaire, that their headache attacks were provoked ‘iene 
by chocolate, volunteered to take part in the following =- 
sighting experiment, which was organised along similar lines: 
to that reported earlier for tyramine’. saari 
A capsule containing lactose was sent to each, together. ae 
with a further questionnaire to be completed and returned 2E- 
24 h after it had been ingested. Those taking part were 
asked not to take the capsule within 48 h of a spontanec o 
migraine attack or when they thought one might bec | 
expected. After this questionnaire had been returned, a 















. capsule similar to the earlier one but containing phenyl- 


ethyamine (3 mg) was sent, together with another question- >- 
naire and similar instructions for its return. Patients were 
not aware of the contents of either capsule. E 

Ten subjects failed to complete the trial after lactose — 
ingestion only, which had been followed by headache in 
five of them. Thirty-six completed the trial, 3 men and 33 
women, The results are shown in Table 1. Included in this — 
table are two patients who developed a headache after both 
lactose and phenylethlamine. One had a mild generalised 
headache on both occasions but felt sick only after phenyl- 
ethylamine; the other had a unilateral mild to moderate _ 
headache after both. Of the four subjects who had | 
symptoms only after lactose one had no headache at all 
but saw patterns before her eyes, two had a moderately 
severe unilateral headache and the fourth a bilateral mod- 
erately severe headache. 

There seems to be a prima facie case for the existence of 
a cause and effect relationship between phenylethylamine 
ingestion and migraine headache in certain patients. 

One unexplained feature of the phenviethylamine- 
provoked headaches is that their onset was delayed for 
approximately 12 h after amine ingestion, a period of the 
same order as that observed clinically after chocolate 





Table 2 ‘Human platelet monoamine oxidase activity 





| ` Patient 
Substrate Migraine Control Chocolate- 
= l sensitive 
migraine 
Phenylethylamine 4.38 +0.51 10. 66- i 0.96 4. a £0.36 
Tyramine T 
q A = er 12) 
Rn cece Gaine oreo 
P<0.00! P<0.001 
(28) E N AD 
Sesia messene erene pert penta Rane cence nomena menna me 
P<0.05 P<0.01 
§-Hydroxytryptamine 14.54-1.17 21.70+-1.82 15.84- 1.88 
l (i 6) (14) (7) 
e Senate Monae TEREE P | 
P<0.01 P<0.05 





Each value is expressed as nmol of substrate deaminated per 30 min 
incubation per mg protein at 37° C. Protein nitrogen was measured. 
according to the method of Lowry ef al.® using human serum albumin 

as standard. Figures in parentheses represent number of subjects. 
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‘ibution of monoamine oxidase activity in blood 
m migrainous and control subjects. Activity is 
$s dpm. radioactive deaminated metabolites 
ng protein per 30 min using a, phenylethylamine, 
"€, dopamine; and d, 5-hydroxytryptamine as 
an substrates. 


uceptible subjects. During the earlier experi- 
ramine’ two groups of reactors were observed, 
onset at 3 h and 12 h respectively. The dose of 
sed then (100 mg) was considerably larger than 
nylethylamine (3 mg) in the present trial. A 12 
od is puzzling and at first sight, seems to rule out 
simple trigger action such as that envisaged by one of us’ 
taking” as his starting point some published observations’ in 
“which | -tryptamine and 5-hydroxytryptamine, when intro- 
duced into the afferent pulmonary circulation of an experi- 
ental animal, had been shown to cause a release of 
idins and other vasoactive agents into the systemic 
lation, he suggested that migraine might, in a sense, be 
nonary disease. A triggering agent arriving at the lungs 
the See tract ee as in the o 












mine to be an en etive telkaser of vasoactive 
rtain species, rathèr more so than tyramine’. 
pothesis’ were valid, one possible apan 







tances rom “the tine into the SE ecl on Aa 
“be the access of a higher concentration of monoamine into 
‘the afferent pulmonary vessels brought about by defective 
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inactivation. The predominant inactivation pathway of 
phenylethylamine involves oxidative deamination by mono- 
amine oxidase (MAO)*. There is evidence of decreased 
platelet MAO activity during headache episodes in mig- 
rainous patients". 

Johnson’', working with enzymes from rat brain, obtained 
data which he interpreted in terms of the existence of two 
types of MAO, termed A and B, and similar conclusions 
have been drawn from findings on human neural tissue’, 
It has been claimed that these forms are immunologically 
separable’. Type A is specific for 5-hydroxytryptamine'' 
and noradrenaline’: tyramine and dopamine’? are sub- 
strates for both A and B forms. Phenylethylamine is a 
preferred substrate for MAO B (ref. 16). It therefore 
seemed to us that, in migraine, we might be dealing with 
a specific defect of MAO B. To test this hypothesis, a 
study of platelet MAO activity. using several different sub- 
strates, was carried out in a further series of migrainous 
patients and in non-migrainous controls. 

During a headache-free period, venous blood samples 
from the unselected group of 28 migrainous subjects (9 male, 
19 female), age range 20 to 65 yr, were collected into plastic 
tubes containing lithium heparin. Nonmigrainous volunteers 
of a similar age range provided control samples. Platelets 
were collected’ and stored deep-frozen before assay. MAO 
activity was measured radiometrically’® using “C-labelled 
phenylethylamine, tyramine, dopamine and 5-hydroxytrypta- 
mine as substrates. 

The results are shown in Fig. | and Table 2. A highly 
significant decrease in phenylethylamine oxidising ability 
was observed in migraine compared with control subjects, 
but in addition, a difference in tyramine oxidation of a 
similar order was apparent between the two groups. A 
smaller but still significant decrease in activity towards 
dopamine was present. The deficit of MAO A may be less 
pronounced, for there was a small but significant decrease 
in S5-hydroxytryptamine-oxidising ability in the migrainous 
group. In retrospect the decrease in the normally high” 
benzylamine-oxidising ability in platelets from migrainous 
subjects, observed by another group”, is compatible with 
our data on impaired phenylethylamine oxidation, for benzy- 
amine seems to be another substrate of MAO B (ref. 11). 

It seems likely, however, that the A and B classification 
is a gross over-simplification®’*: one of the multiple forms 
of solubilised MAO which has been isolated electrophoreti- 
cally"? seems to possess, for instance, an extremely high 
preference for dopamine as substrate. Nevertheless, which- 
ever of the multiple forms of MAO turns out to be implica- 
ted in migraine, it seems quite possible that the deficit of 
phenylethylamine and tyramine-oxidising ability is of func- 
tional significance. 

The migrainous patients under investigation were a mixed 
group, some with headache provoked by chocolate or other 
foodstuff and others without history of dietary precipitant. 
Platelet samples obtained from patients with dietary com- 
pared with non-dietary migraine variants, however, showed 
no significant difference in their ability to oxidise any of the 
substrates investigated (Table 2). Before firm conclusions can 
be drawn from data of this type, more information is needed 
showing to what extent any platelet MAO defect reflects a 
similar deficit in small intestinal or perhaps, pulmonary 
MAO A pulmonary deficit, for instance, would make larger 
coacentrations of amine available locally, thus helping the 
threshold to be reached for an ‘all-or-none’ release” of vaso- 
active substances from the lung into the systemic circula- 
tion in accordance with Sandler’s hypothesis‘. Were this 
hypothesis to prove invalid, an alternative and simpler ex- 
planation might be that monoamines which escape destruc- 


tion in the lungs” because of an MAO deficit exert some 


direct action on the cerebral vasculature. Preliminary obser- 
vation (R. J. Stephens, personal communication), however, 
indicate that phenylethylamine has little or no direct effect 
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of this type, at least in the rat. 

We thank Margaret Kelly for help in preparing the platelet 
samples: P. Bradburne for statistical assistance; and the 
= Wellcome Trustees for partial support of this work. 

Pn M. SANDLER 
-= Bernhard Baron Memorial Research Laboratories 
and Institute of Obstetrics and Gynaecology, 


A `. Queen Charlotte's Maternity Hospital, 
“London W6 0XG, UK 


E M. B. H. YOUDIM 
Medical. Research Council Clinical Pharmacology Unit, 
Radcliffe Infirmary, | 
Oxford OX? 6HE, UK | 
Eppa HANINGTON 
-The Wellcome Trust, 
-52 Queen Anne Street, London WIM 9LA, UK 


Received March 20, revised April 26, 1974. 

eo ae J., Medical Observations and Enquiries, 6, 103-137 

* Hanington, E., Br. med. J., 2, 550-551 (1967). 

* Hanington, E., Horn, M., and Wilkinson, M., in Background 
to Migraine: Third Migraine Symposium (edit. by Cochrane, 
A. L), 113~119 (Heinemann, London, 1970), 

* Sandler, M., Lancet, i, 618-619 (1972). 

5 Alabaster, V. A.. and Bakhle, Y. S., Br. J. Pharmac., 40, 
582P-583P (1970). 


* Sandler, M., Headache (in the press). 2 


T Bakhle, Y. S., and Smith, T. W., Br. J. Pharmac., 46, 543P- 
—  -§44P (1973). 
© Edwards, D. J., and Blau, K., Biochem. J., 130, 495-503 (1972). 
oo D. J., and Blau, K., Biochem. J., 132, 95-100 
Sandler, M., Youdim, M. B. H., Southgate, J., and Hanington, 
E., in Background to Migraine. Third Migraine Symposium. 
es by Cochrane, A. L.), 103-112 (Heinemann, London, 
Sicuteri, F., Buffoni, F., Anselmi, B., and Del Bianco, P. L., 
Res. Clin. Stud. Headache, 3, 245-251 (1972). 


co H Johnson, J. P., Biochem. Pharmac., 17, 1285-1297 (1968). 
=ou > 7 Goridis, C., and Neff, N. H., Proc. Soc. exp. Biol. Med., 140, 


oo ST3-574 (1972). . 
a Moy R., and Racker, E., Molec. cell. Biochem., 1, 73-81 
* Goridis, C., and Neff, N. H., Br. J. Pharmac., 43, 814-818 


ve Maen, N, H., Adv. biochem. Psychopharmac. (in the press). 


48 Yang, H.-Y. T., and Neff, N. H., J. Pharmac. exp. Ther., 187, 
365-371 (1973o ai 
1T Collins. G. G: Sa -and Sandler, M., Biochem, Pharmac., 20, 
-289-296 (1971). meee 
-# Robinson, D. S., Lovenberg, W., Keiser, H., and Sjoerdsma, 
AL, Biochem. Pharmac., ¥7, 109-119 (1968). 
Tipton, K. F.. Houslay, M. D., and Garrett, N. J., Nature 
new Biol., 246, 213-214 (1973). 











Nn 


es Youdim, M. B. H., Holzbauer, M., and Woods, H. F., Ady. 


biochem. Psychopharmac. (in the press). 
Collins. G, G. S., Sandler, M., Williams. E. D., and Youdim, 
M. B. H. Nature, 225, 817-820 (1970). 
Bakhle. Y. S., and Smith, T. W.. Br. J. Pharmac. (in the press). 
Vane, J. R.. Br. J. Pharmac.. 35. 209-242 (1969). 
3 Lowry, O. H., Rosebrough. N. J.. Farr, A. L., and Randall, 
R, J., J. biol. Chem., 193, 265-275 (1951). 


tt 
inet 


w 
w w 





Cell transformation mutants are not 
susceptible to growth activation by fibroblast 
growth factor at permissive temperatures 


_. culture results in cell variants with different properties from 
“the original cells (see ref. 2 for review). These properties include 
‘morphological changes, surface altesations* and an increased 
“growth ability under various conditions. This changed. pattern 
n-growth control of many transformed cells is manifested in 
itro by their ability to grow in agar, to attain higher saturation 
lensities in monolayer cultures and to be much less responsive 


337 


to inhibition of cell multiplication by serum limitation’ 
In addition, different fractions of serum stimulate the growth. 
of untransformed mouse 3T3 fibroblasts and 313 cells trans-; 
formed by SV40 (SV3T3) in culture® which suggests the involves 
ment of different growth promoting molecules for normal and - 
transformed cells. It has been shown that a new pituitary . 
hormone, fibroblast growth factor’ (FGF), with a glucocorticoid, - 
hydrocortisone, and with a nonspecific carrier protein could 
completely replace exogenously added serum for the induction 
of the complete mitogenic response in.linesof BALB/c 3T3 cells’, 
whereas virtually no effects were observed on virally transformed 
cells (P. S. R., W. S. and D. G.; manuscript in preparation). In 
the presence of serum exhausted for its: growth-initiating | 
ability only FGF was required to initiate or increase DNA 



















Additions ts 3TSCLI |. i 
ac.p.m. b, cells acp mi S 
None 1.4 4.4 2.4 0% E : 
Serum 7.1 12.8 3.9 Ee E 104. 
39°C i R 
None 1.6 4.0 2.0 4. $ a 
FGF 7.6 6.6 9.4 6.6 3000 6 
Serum 6.0 Ta 9.7 , 9.3 o o Aao 


BALB/c 3T3 cells“, polyoma transformed BALB/c cells 
(Py3T3), and temperature-sensitive transformed BALB/c 3T3 cells 
(ts 3T3 CI.) were plated at 10° per 5 cm Petri dish and grown in 
Dulbecco’s Modified Eagles Medium (5 ml) in 2% calf serum 
(Colorado) at 32° or 39° ina 10°, CO, atmosphere. The CO, pressure 
was slightly varied to maintain a constant pH in the medium at the 
two temperatures. After 2 or 3 d when the final cell density was 
about 3 x 10° per plate (313: 3.0 and 3.1; ts 3T3: 2.9, 3.0; and 
Py3T3: 1.6and 4.5 x 10° cells at 39°C or 32°C respectively) 50 ng mi~ 
of FGF or 10° serum (6 mg ml ~+) were added to the growing cul- 
tures. Autoradiography of control dishes without additions showed 
that more than 70°% of all cell nuclei became radioactively labelled 
during the first 12 h after the time of addition of 3H-thymidine. 
Cultures were radioactively labelled with 3 pCi mi” 34{-methyl 
thymidine at 3 uM from 7 until 30 h after additions, or the cells were 
counted in a Coulter Counter 48 h afterwards. The c.p.m. of *H- 


thymidine incorporated into DNA (ref. 16) per 10 cells (a) or the 
number of cells per 5 cm Petri dish x 107 were recorded (6). 
FGF, a homogeneous polypeptide of molecular weight 13,400 was 
purified from bovine pituitary glands as described previously’. 


synthesis and cell division; the hydrocortisone concentration 
present in serum was considered to be sufficiently high not 
to require further addition’. We have now investigated 
the ability of FGF to promote the growth of cell 
mutants of BALB/c 3T3 which show temperature dependent 
changes in many properties characteristic of the transformed 
state (W. E., manuscript in preparation). We found that FGF 
initiates DNA synthesis and cell multiplication only at the non- 
permissive temperatures (normal state) but fails to initiate or 
promote cell growth at permissive temperatures (transformed 
state). 

Cell mutants with temperature-sensitive (ts) lesions in many 
properties characteristic of transformed cells have been des- 
cribed for SV3T3* and baby hamster kidney? (BHK) cells, 
similar to the earlier reports of temperature sensitive variants 
of BHK obtained by transformation with a thermosensitive 
mutant of polyoma virus™®. Recently Eckhart has selected 
several different clones of BALB/c 3T3 cells which show tem- 
perature dependent properties. Properties of the three mutant 
clones used in this paper are stable and can be summarised. 
Cells from these clones show transformed morphology and 
ability to grow in agar at 32°C but normal morphology and 
lack of growth in agar at 39° C (W. E., unpublished observa- 
tions). Growth rates are 1.8, 2.0 and 1.7 times as fast at 32° C 
as at 39°C in medium containing 10% serum. Their final 
cell densities in medium containing low serum concentrations 
are approximately 10 to 3-fold higher at 32° C than at 39° C 
(for example for ts 3T3 clone 1 in 0.25%. 0.5% or 2% serum 









Table 2 Stimulation of DNA synthesis in different cells 


“the emt apnea pi ibaa rps ht rw en be AMMAN AHR ys renderer AAAA Aa aah ahhh rhea ibe A 


So 3T3 ts CLI ts CLAG ts CLX Py3T3 
37°C 

None 1.1 0.5 13.8 8.0 46.0 
FGF 110 0.8 15.8 10.2 42.3 
39° C 

None 1.0 1.2 0.8 1.2 70.4 
FGF 85.6 64.5 42.5 56.8 59.2 





Abbreviations: 3T3; BALB/c 3T3; ts CL1, CL10, CLX: tempera- 
ture sensitive transformed BALB/c 3T3 cell-lines; Py3T3: polyoma 
transformed BALB/c 313. The percentage of *H-thymidine incor- 
porated into DNA compared with serum addition is shown. Cells 
were grown in DEM and 10°% serum as described (Table 1) at either 
32° C or 39°C until confluent (10° cells per Scm plate). Medium 
was then removed, ceil monolayers were washed twice with DEM 
containing 250 ug min! bovine serum albumin (BSA) and fresh 
DEM containing 0.2 ng mi~ FGF, 0.5 pg ml hydrocortisone 
(cortisol, Calbiochem) and 250 pg mi~ BSA. After 3 d 50 ng mi~? 
of FGF or 10° serum (6 mg ml ~?) was added and the cultures were 
radioactively labelled with "H-thymidine from 8 until 34 h after 


< additions, the c._p.m. of *H-thymidine incorporated into DNA was 


recorded. Results for no addition or the addition of FGF are ex- 
pressed as the percentage of the c.p.m. incorporated into DNA in the 
presence of 10% serum. Autoradiography of parallel cultures showed 
that the percentage of radioactivity labelled nuclei in the population 
with FGF addition were: for 3T3, 95 and 90; for ts 3T3 CH1, I and 
60; for C1.10, 10 and 40; for CLX, 7 and 51; for Py3T3, 40 and 53 
at 32°C and 39°C respectively. Without addition of 50 ng ml~? 
FGF the percentage of radioactively labelled nuclei was less than 
1° for 3T3, ts 3T3 CLI at 32° Cand 39° C, C110 and CIX at 39°C 
while for the remainder: C110, 7%: CLX, 4% at 32°C: Py3T3, 
41° at 32° C and 60% at 39° C. The percentages of the cell popula- 
tion which had divided by 48 h after addition of 50 ng mi~! of FGF 
were for 3T3, 96 and 86; for Cl.1, 4 and 82; for CL10, 16 and 87; 
for CLX, 9 and 88; for Py3T3, 50 and 54 at 32° C and 39°C res- 
pectively, 


the final cell densities were 19 and 2.2, 20 and 3, 32 and 
11 x 10° cells per 5 cm dish at 32° C and 39° C respectively). 


At low serum concentrations (Table 2), ts 3T3 CI.1 and to a 


lesser extent CI.10 and CI.X can be made to exhibit density- 
dependent inhibition of growth at 32° C similar to nontrans- 


formed 3T3 cells and unlike the virally transformed lines 


Py3T3 and SV3T3*. After addition of 20°% serum to such 
quiescent cultures at 32° C they synchronously initiate DNA 
synthesis followed by cell division at times compatible with an 
original cell population arrested in the G, phase of the cell 
cycle (unpublished results). 

Addition of FGF to cultures of BALB/c 3T3 growing slowly 
with 2% serum in the medium increased both rates of DNA 
synthesis and cell division but failed to increase growth rates 
of polyoma transformed 3T3 cells (Py3T3) (Table 1). For 
ts-3T3 clone 1 (ts-Cl.1) cells addition of FGF specifically 
increased cellular growth rates at 39°C but not at 32°C. 
10% serum addition markedly increased DNA synthesis and 
cell division in all cultures (Table 1). The ability of FGF to 
initiate DNA synthesis in quiescent cultures was also checked. 
it was however impossible to maintain resting cultures of 
BALB/c 3T3 cells with Dulbecco’s modified Eagle's medium 
(DEM) and only BSA, and hence low concentrations of FGF 
(0.2 ng ml~!) and hydrocortisone were added to prevent cell 
deterioration, Addition of saturating amounts of FGF 
(50 ng mi!) to quiescent cultures of 3T3, ts CL1i, C110, 
CIX at 39°C induced a 40- to 80-fold increase in DNA 
synthesis but virtually no increase in resting cultures of ts CL1 
at 32° C. It was more difficult to obtain completely quiescent 
cultures of ts Cl.10 and CLX at 32°, but FGF failed to increase 
the small residual amount of DNA synthesis (Table 2). Py3T3 
cells continued synthesising DNA at half the rates of those in 
10% serum but no additional stimulation was observed upon 
FGF addition (Table 2). Approximately twice the amount of 
FGF was added to the cultures in Tables 1 and 2 than was 
required for complete induction of DNA synthesis and cell 
division in resting cultures of BALB/c 3T3 cells (manuscript in 
preparation). Further increased additions of FGF up to 
five times the amounts added in Table 2 failed to stimulate 
DNA synthesis in mutant cultures maintained at 32°C, 
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whereas 10°% serum addition induced more than 95% of the | 
cells to synthesise DNA and divide. | E 

The ability of various hormones to promote the initiation 
of DNA synthesis in resting cultures of ts CII at either 32° C or — 
39° C is shown in Table 3. Insulin at high, nonphysiological 
concentrations was reported to induce DNA synthesis and cell: 
division in fibroblasts maintained in the presence of serum!*:*, 
But in the absence of serum, insulin at physiological (Table 3) 
(10 to 107" M) or nonphysiological (10° M) (unpublished 
results) concentrations failed to induce DNA synthesis in more 
than 5% of the cell populations at either temperature. FGF 
without hydrocortisone still induced DNA synthesis in a sig- 
nificant fraction (22°) of the mutant cells at 39° C but not at 
32° C. With hydrocortisone the induction of DNA -synthesis 
was comparable to that with serum at 39° C while only serum 
induces DNA synthesis at 32° C. 

A comparative biochemical study of normal and transformed 
cells in tissue culture is complicated by the fact that often two 
very different cell types are being compared (for example, 





Table 3 Induction of DNA synthesis by different hormones 


Additions 3H-DNA Labelled 
(c.p.m. x 1075) nuclei (°) 
32°C 39° € Ir 39° C 
none 0.5 0.2 L8 > 1.0 
HC 0.7 0.2 2.6 1.2 
FGF 0.7 5.8 2.8 22.1 
insulin 0.4 0.8 2.1 3.0 
HC + FGF 0.4 10.8 3.10 66.2 
HC + insulin 0.3 0.3 2.0 1.6 
HC -+ FGF + insulin 0.7 9.9 JA 67.2 
serum 12.0 tS 92.5 71.7 





Cell cultures of the temperature sensitive transformed BALB/c- 
3T3, clone | were plated and grown as described in Table 2. At 
confluency (10° cells per 5 cm dish) the medium was removed and the 
cell monolayers washed twice as described. Medium containing 
0.2ngmi-! FGF and 250 pg ml~? BSA was added back and the 
cultures incubated at their respective temperatures for another 3 d. 
To the resting cultures either 0.5 pg mi~ of hydrocortisone (HC), 
50ng mi~ fibroblast growth factor (FGF), 50ngmi™ insulin 
(bovine pancreas, Calbiochem) or 10% serum was added as indicated. 
Cultures were radioactively labelled with either 3 pCi mi> *H—- 
thymidine at 3 uM for DNA synthesis or at | M for autoradio- 
graphy, from 10 until 34 h after additions. Thec.p.m. of #H-thymidine | 
incorporated into DNA + 10- per culture or the fraction of cells 
with radioactively labelled nuclei is shown for various hormone 
additions. Cell numbers were 9.2 and 9.3 x 10~° cells per 5 cm dish 
at 32° C and 39° C respectively before the additions, and FGF + HC 
addition increased cell numbers to 9.4 and 17.0 x 10° at 32°C and 
39° C respectively measured after 48 h. 


chromosomal differences in SV3T3 and 3T3), and the observed 
differences could arise as a result of the transformation event 
itself or as a consequence of the selection for a particular stable 
transformant. With cells possessing thermosensitive lesions in 
the expression of the transformed phenotype, however, the 
latter difficulty is obviated. We now show that the growth- 
initiating properties of a mutant 3T3 cell can be controlled by a 
single purified polypeptide hormone at the nonpermissive 
temperature; this ability is lost at the permissive temperature 
when the cells exhibit many of the properties characteristic of 
the transformed state. Other components in serum can control 
the growth at this permissive temperature. The cellular site 
of action of many of the polypeptide hormones is the adenyl 
cyclase in the plasma membrane“. We have previously shown 
that FGF can directly activate the membrane-bound guanyi 
cyclase in 3T3 but not in SV3T3 cells (manuscript in prepara- 
tion). This suggests that the temperature-sensitive lesion in the 
mutant cells is either wholly or in part caused by a membrane 
change. This change possibly prevents the polypeptide hormone | 
from elevating intracellular cGMP concentrations to a | 
which may be responsible for the initiation of cell growth- = > 
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Manipulation of sexual 
physiology by brain stimulation in insects 


IN insects the pars intercerebralis (PD is a median proto- 
cerebral neurosecretory centre associated with postcerebral 
neurohaemal organs, the corpora cardiaca (CC). Numerous 
investigations based on ablations or implantations of the PI 
and CC have shown that the neurohormones released by 
the CC intervene in many physiological processes. In vitro, 
by means of electrical stimulations, it was possible to show 
that, as in vertebrates, there is a coupling between depolari 


sation and secretion’. One may therefore contemplate the- 


development of a new technique of investigation in neuro- 
endocrinology by electrical stimulation in vivo of neuro- 


secretory cells. We were able to provoke by this way a 


precocious ovarian development in female locusts, 
Experiments involving ablation and implantation showed 
that oocyte maturation and egg laying are under the 
endocrine control of the PP and a pair of endocrine 
glands, the corpora allata (CA). We tested two different 
situations by using the females of a species (Locusta 
migratoria) in which the oocytes develop immediately after 
metamorphosis (the first batch of eggs is laid after about 18 
d) and the females of a species (Anacridium aegyptum) 
subject to an ovarian diapause of 6 months. The öpening of 
a dorsal tegumentary cephalic window enables access to the 





© PI which is superficial. The stimulatory electrode used is a 
insulated in an — 
epoxy resin. Rectangular pulses of 30 #A and 1. ms.are 
ie eppaee at 5 s` for 10 min between the stimulatory electrode et phic role c 


stainless steel wire 30 »m in diameter, 





secretion was observed‘. 
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Fig. 1 Mean length (mm) of tze first generation of ee 
in Locusta, on day 10 of imaginal life, after various ele: 
stimulations. a, Controls (electrode placed in the PI with 
passage of current; 16 animals, 1 died); b, stimulation of tl 
ventral nerve cord: (16 animals, 2 died); c, stimulation: of 
the deutocerebrum (16 animals, none died); d, stimulation 

of the PI (17 animals, 2 died, 2 laid one batch of Sien: 


introduced into the PI and a thoracic indifferent diar ] 
After stimulation, the dorsal fin tegumentary window. 
closed. It is thus possible to achieve a stimulation every 48 
h; each individual was subject to two stimulations (Locust 
or three (Anacridium). The results were compared with 
those obtained in the controls subjected to the introducti 
of an electrode without passage of current, the stimulation © 
of the first abdominal ganglion, and stimulations of various- 
regions of the brain (deutocerebrum in Locusta, tritocer 
brum in Anacridium). The conditions were the same as for 
the operated animals. A parallel histological study enables — 
verification of the placement of the electrode and: the 
emptying of the cell bodies of the PI after stimulation. The- 
results were expressed in terms of the length of the first: 
oocyte generation 8 d (Locusta) (Fig. 1) or 28 d after the : 
first stimulation (Anacridium) (Fig. 2). : 
In Locusta, stimulation of the PI is accompanied by a 
rapid growth of the oocytes. The first generation oocytes ; 
on day 10 have an average length of more than 6 mm- 
(Fig. 1d); in all the controls (Fig. la, b and c), this length 


remains below 2 mm. This rapid growth even induced 2 of 


the 15 stimulated animals to lay eggs before day 10; in the. 
usual breeding conditions egg laying occurs only about day 
18. . 

In the case of Anacridium, the adult females. used were 
about 2 month old and in natural conditions would have 
laid eggs only 6 months later. The triple stimulation of 
the PI provoked a partial emptying of the cell bodies of 
the PI and rupture of the ovarian diapause. All the animals 


laid eggs at least once in the 28 d following the first stimu- 


lation; one of them even laid twice. The first oocyte gener- 
ation at this time had an average length close to 7 mm, so 
the eggs were mature (Fig. 2d). In all the controls (Fig. 
2a, b and c) the average length of this same generation is 
less than 2 mm and storage of the proveccreniel, neuro- 








-Finally, it is possitfle to associate the stimulation n 
with: that of ablations. Thus, in the case of Anac 


stimulation of the PI of allatectomised animals resi in 
almost. zero” “growth of the oocytes (Fig. 2e): the gonado- 





ofthe. CA is thus confirmed. Conversely, ani- 
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Fig. 2 Mean length (mm) of the first generation of oocytes 
in Anacridium 28 days after various electrical stimulations. 
a, Controls (electrode placed in the PI without passage of 
current: 14 animals, none died); 4, stimulation of the ventral 
nerve cord (14 animals, 2 died); c, stimulation of the tritocere- 
brum (15 animals, | died); d, stimulation of the PI (13 
animals, 2 died, all tie survivors laid one batch of eggs, 
one animal laid two batches): e, stimulation of the PI after 
allatectomy (14 animals, 4 died); f, stimulation of the PI 
after section of the allatocardiac nerves (14 animals, § died, 
8 animals laid one batch of eggs and | contained chorionated 
eggs ready to be laid). 


mals in which the CA have been disconnected (by section of 
the allatocardiac nerves) experience, after stimulation of the 
PI, the same growth of the oocytes as that observed in 
animals in which the CA were not disconnected (Fig. 2d 
and f). The mode of action of the PI on the CA is therefore 
established as humoral rather than nervous. 

Our results show unequivocally that the method used 
provokes a certain release of protocerebral neurosecretion 
followed by intense activation of oocyte maturation. In the 
case of Locusta, one may thus obtain precocious maturation 
and in the case of Anacridium rupture of the ovarian dia- 
pause. This method seems to be more efficacious—~at least 
in the case studied—than the classic techniques of implanta- 
tion. In effect, to obtain a simple maturation of the ovaries, 
in Anacridium, it is necessary to implant four active PI or 
four active CA’. ; 

Certain general nonspecific stimulations, such as forced 
activity of the animals or the electrical stimulation of 
various regions of the brain, may provoke the start of a 
histologically detectable emptying of the cells of the PI and 
a very slight development of the oocytes’. There is no doubt 
that the results obtained here are due to a specific stimu- 
lation of the PI and not to a general activation: the stimu- 
lation of a wide variety of regions of the central nervous 
system never provoked any maturation of the oocytes. 

We thank Paula Harry for preparing the English manu- 
script. 
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Properties of a calcium 
channel in snail neurones 


IN most cases where the action potential of nerve cells has been 
studied the initial inward current has been found to be carried 
by sodium ions. More recently calcium has been shown to be an 
important charge carrier in the inward current of vertebrate 
cardiac muscle, vertebrate smooth muscle and many nerve 
cell bodies'. It is therefore of interest to know whether the 
properties of the calcium conductance mechanism are similar 
to those which have been described for sodium conductance. 
An important property of the sodium conductance mechanism 
is its reduction or ‘inactivation’ by a conditioning depolar- 
isation prior to an action potential and its increase by condition- 
ing hyperpolarisation. 

This activation and inactivation property can be studied in 
voltage clamp experiments. The membrane potential is dis- 
placed from the holding potential (V) to a conditioning 
potential (V.) and then to a fixed test potential (Ve) (see Fig. 2). 
The inward current (/,;) during the test potential is measured 
and /, relative to the maximum inward current obtainable 
with that test pulse (/;//ma,) is plotted against conditioning 
potential V.. In squid giant axon Hodgkin and Huxley” 
showed that this inactivation behaviour was described by the 
expression: 

Liilmax = U + exp (a Vedikn 7 (1) 
where P, is the potential at which [i/Ima, = 0.5 ky is a shape 
parameter. . 

In the Aplysia giant neurone Geduldig and Gruener* found 
that in Ca-free saline containing Na the relationship between 
inward current and conditioning potential was similar to that 
in squid giant axon. In Na-free saline containing Ca ions, 
however, a hyperpolarising conditioning pulse reduced the 
inward current. Geduldig and Gruener* have suggested that 
there is a fundamental difference between the activation 
mechanisms for Na and Ca ions in Aplysia. In Helix pomatia 
Neher found a similar reduction of inward current following 
a hyperpolarising conditioning pulse in normal saline containing 
both Na and Ca ions but proposed that it was due to activation 
of a fast transient outward potassium current which sub- 
tracted from the inward current. The experiments described 
here on Helix aspersa neurones suggest that the apparent 
hyperpolarising inactivation of Ca conductance is due to an 
early outward current which is sensitive to tetraethylammonium 
(TEA) and calcium tons. 

The neurone used in each experiment was identified as 
Cell A’. This cell lies in the right parietal ganglion and shows 
an inward current in both Ca-free and Na-free salines in 
voltage clamp experiments. The cell was impaled with two 
3 M KCl-filled microelectrodes of resistance 4-6 MQ and 
0.8-1.3 MQ respectively. A voltage clamp circuit similar to 
that of Geduldig and Gruener® was used, giving a voltage 
rise time of about 100 us. Normal saline contained NaCl 
75 mM, KCI 5 mM, MgCl, 15 mM, CaCl, 10 mM, Tris-Cl 
5 mM, buffered to pH 7.5. In Na-free saline NaCl was replaced 
by 83mM Tris-Cl. In Ca-free saline CaCl, was replaced by 
MgCl. In (Na, Ca)-free saline both substitutions were per- 
formed. 

In an attempt to eliminate the effect of early outward currents 
a current-separation procedure was used as follows. A clamping 
run consisting of a series of different conditioning potentials 
each followed by the same test potential was performed in the 
test solution (either Na-free or Ca-free saline). An identical 
run was then performed in (Na, Ca)-free saline, in which there 
is no inward current. (There may be an outward current 
carried by Na and Ca ions but because of their low intra- 
cellular concentrations this was small at the test potential used). 
The current in (Na, Ca)-free saline at a particular time after 
the beginning of the test pulse was then subtracted from that 
in the test solution to give the Na or Ca inward current alone. 
(All runs were interspersed with controls in normal saline.) 
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Fig. 1 a, Inactivation: curve in ‘Ca-free (Na-containing) saline. 
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is again drawn to aati (1). For depolanieig conditioning 
pulses a good fit is obtained. But with increasing hyper- 
polarising pulses I,/I,, falls steeply and then rises more slowly 
towards unity. Thus there is a considerable deviation from the 
behaviour described by equation (1)..If these results arise froma 
property of the inactivation: system for Ca. conductance then 
this system must be both different from, and more compli- 
cated than, that for sodium. conductance in Helix and squid 
giant axon. An alternative explanation is that the deviation 
y arise from the effect ofan early outward current which was 
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Fig. 2 Voltage clamp records showing effect of TEA 
traces voltage, lower traces current. Inward current iss 
downward deflection. Holding Potential (V) = —48 
+ 12 mV. a, no prepulse in Na-free saline; b; 500m 
to — 108 mV in Na-free saline (arrow showsearly outward 
c, no prepulse Na-free saline with 50 mM TEA Cl; ¢ 
prepulse to — 108 mV Na-free saline with 50m: 

168. Diameter 205 pm 19°C, . 





hen the amount of outward current subtracted would 
small. This could be, for example, if the early outward. 
was to some extent Ca-sensitive. There are two ways i 
the absence of Ca in the external saline could affect the size: 
the early outward current. (1) The change in Ca concent: 
could shift the activation curve of the early outward cur 
along the voltage axis as found for Na and K condi icti 
in squid’. (2) The late outward potassium current in H. asper. 
has a Ca dependent component so it is possible that the: eal 
outward current has a similar component*. 
In order to test whether this deviation from equation ad 
indeed arise from a Ca-sensitive early outward potassi 
current the effect of 50 mM TEA was tested. This was a sufficie 
concentration to reduce late K currents. Figure 2 sho 
current records obtained under voltage clamp in Na-free: 
with and without TEA. It can be seen that TEA reduces 
late K current and also the early outward current. seen wi 
hyperpolarising prepulse, but does not affect the Ca 
current. Figure 3 shows the effect of TEA on the di 
inactivation curve in Na-free saline. Open circles. are 
obtained by subtraction of currents recorded in (Na, 
free saline from currents in Na-free saline—that is, a sin 








salines contained 50 mM TEA-CI substituted for Tris- : 
deviation from equation (1) is greatly reduced and ji 
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Fig. 3 Effect on TEA on inactivation curve in Na-free_ 

© O, Without TEA; A, with 50 mM TEA Cl; V (arrow 
— 45 mV; My == + 15 mV. Cell 178. 180 um 21° C. Solid. 
drawn to equation (1) with Vn = — 23 mV; kn= — 4; 
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on the normal inactivation by depolarising conditioning 
pulses. 


From the results of these TEA experiments it seems likely 


‘that the deviation of Ca inactivation from equation (1) is due 
as Neher suggested to an early outward potassium current. 
‘The current subtraction method of compensating for this 
current is inadequate, probably because the current is sensitive 
to calcium. This cannot be shown directly but when K currents 
are reduced using TEA the deviation from equation (1) is also 
reduced or abolished. It has recently been shown that hyper- 
polarising inactivation of Ca current in guinea pig smooth 
muscle can be blocked by TEA ions®. The deviation is also 
abolished by large hyperpolarising conditioning pulses to 
‘potentials more negative than ~--90 mV probably because the 
early outward potassium current shifts in time relative to the 
inward Ca current with increasing prepulse potential. 

_ Thus, it appears that the inactivation behaviour of Ca- 
conductance in H. aspersa is similar to that of the Na-conduc- 
tance and can be described adequately by equation (1). It is 
unclear in H. aspersa whether the Na and Ca tons pass through 
the same channel or separate channels. But in vertebrate 
heart muscle the Ca inward current can be obtained relatively 
free from other currents in normal saline and does not show 
hyperpolarising inactivation’. 
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Resistance of mitotic B lymphocytes 
to cytotoxic effects of anti-lg serum 


THE use of antisera with specificity for cell surface antigens 
of T and B lymphocytes has become an increasingly import- 
ant tool in cellular immunology, being extensively used both 
preparatively, and analytically’’. Very little is known, 
however, about the possibilities of variation in antibody- 
induced cytotoxicity during the various stages of the cell 
cycle of normal T and B lymphocytes. Studies mostly 
examining histocompatability or virus-associated antigens 
on synchronised cell cultures of various tumour cell lines 
have yielded conflicting findings: in some cases cells seem 
to be most sensitive to antibody and complement during 
mitosis and perhaps early G:*->, whereas in others, the 
target cells have been judged to be insensitive in all phases 
except G6”, 

If, depending on the nature of the lymphocyte and cell 
surface antigen, there is a similar variation to antibody- 
induced cytotoxicity during different phases of the cell 
cycle, this could have clear practical and theoretical 
implications. In particular, antisera are sometimes used 
to eliminate or assess cells in antigen-activated lymphoid 
cell populations which may contain a significant proportion 
of specifically activated cells, in various stages of the 
cell cycle, including mitosis. In this communication we 
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present evidence to show that although mouse B lympho- 
cytes are uniformly killed by a heterologous anti-mouse 
immunoglobin serum (anti-Ig) in the presence of comple- 
ment, B cells in mitosis are resistant to such treatment. 
Heterologous anti-Ig sera are being used with increasing 
frequency to kill B lymphocytes (see for example, refs 8-11); 
since B cells, in contrast to T cells, contain a dense 
coat of cell surface Ig (ref. 12), the cytotoxicity of anti-lg 
can be selective for B cells after appropriate absorption. The 
preparation and cytotoxic properties of the anti-Ig used 
in these experiments is described in Table 1. In agreement 
with the other results*’°, treatment of spleen cells with 
the anti-Ig, after it had been absorbed with thymocytes, 








Table 1 Cytotoxic effects of rabbit anti-mouse Ig serum plus 
complement on mouse lymphocytes 

Lymphoid Cytotoxic 

cell source index 
Thymus 
Thoracic duct 12 
Lymph node 21 
Bone marrow 37 
Spleen 48 
Spleen >95 
Spleent 88 
Spleent 14 
Spleen§. 12 


The rabbit anti-mouse Ig serum used in these experiments 
was prepared as follows: 50 ml of neat serum from a large 
number of CBA mouse donors was precipitated in saturated 
ammonium sulphate to isolate gamma globulins’®. The pre- 
cipitate was dissolved in saline and the process repeated 
twice. The final precipitate was dissolved in 4 mi of saline. 
Two millilitres of this was mixed with 2 ml of Freund’s 
complete adjuvant (Burroughs Wellcome) and injected intra- 
muscularly into a New Zealand White rabbit. The rabbit 
was boosted 2 and 4 week later with an intravenous injec- 
tion of 1 ml of the saline solution containing the dissolved 
mouse y globulins. Two weeks later the rabbit was bled, 
the serum collected and frozen at — 20° C in 0.5 mi aliquots. 
The antiserum was first heat inactivated at 56° C for 30 
min. Before use it was absorbed with CBA mouse thymo- 
cytes by incubating three volumes of antiserum with one 
volume of packed washed thymocytes for 60 min at 0° C 
with shaking every $ min. The antiserum was tested for 
cytotoxicity using a two stage microcytotoxicity system’®, 
in which the first stage was carried out at 0° C so as to pre- 
vent capping of cell surface Ig by the anti-lg’*, Centrifuga- 
tions were carried in the cold. Assessment of dead cells 
was calculated by trypan blue exclusion testing, Normal 
rabbit serum was used as a control and the results expressed 
as a cytotoxic index, that is: 

% dead cells (anti-Ig)— % dead cells (NRS) 
% dead cells (NRS) x 10+ 

*Anti-lg not absorbed with thymocytes in this case. 

*Cells obtained from adult thymectomised, lethally irradi- 
ated, bonemarrow reconstituted mice, 2 months after recon- 
stitution. 

tAnti-Ig absorbed with mouse y globulins (MyG) as well 
as thymocytes. Neat anti-Ig (0.5 ml) was mixed with 0.5 ml 
of Sepharose beads coated with MYG by cyanogen bromide 
activation, The incubation was carried out at 0°C for I hb. 
Anti-Ig not absorbed with MyG and diluted 1:4 as a control 
gave over 40% kill in this experiment. 

§The primary stage of the assay was carried out at 37° C. 


inhibited the in vitro response to Escherichia coli LPS but 
spared the PHA response (M. J. D. and R. S. K., unpublished 
observations). The % of cells killed from the various tissue 
sources is very close to the known corresponding percentage 
of B cells as assessed by other methods’, If the primary 
stage of the assay was carried out at 37° C instead of 
0° C, cycotoxicity was greatly diminished as found by 
Takahashi et al. which is presumably due to polarisation 
and loss of cell surfacg Ig induced by the anti-Ig (‘capping’) 
which occurs at 37° but not at 0° C (ref. 14). Absorption 
of the antiserum with mouse y-globulin also markedly 
reduced the cytotoxic activity of the anti-Ig. Before thymus 
cell absorption, the anti-Ig killed almost all nucleated cells 
in the spleen and thymus, but after absorption, it was 









= | Í Nature Vol. 250 July 26 1974 


CBA/Lac mouse — > 0 CBA/T6T6 mouse 





injeced Wilk i. Injected with 
LPS LPS 
3 ; | 3 i 
Colcemid Colcemid 
| h l4 


Spleens removed, 
celis dispersed 


Spleens removed, = 
cells dispersed 


5 x 10* cells treated 
with NRS + GPC 


5 x 10° cells treated 
with anti-Ig + GPC 


aa Analysis: 
Ratio of CBA/Lac to CBA/T6T6 
mitotic figures calculated 






Fig. 1 The assay. syst ! ‘oe used to treat and evaluate the 
effects of antisera (in this case, anti-Ig) plus GPC on mitotic 
B lymphocytes. Mitotic T cells are induced by stimulation 
with oxazolone and removing draining lymph nodes 3 d 
later“. Not shown. above. is the control in which both 
CBA/Lac and CBA/T6T6 cells are treated with NRS+ 
GPC prior to teh a a eh analysis. Since the 
cells are mixed maue the ratio of mitotic 
figures should be rough y 50: 730. Te effect of the antiserum 
treatment on the CBA/Lac to CBA/T6T6 mitotic figures 
in the two different mixtures’*, The percentage of mitotic 
cells killed was calculated by -a cytotoxic index in which the 
ratio of CBA/ Lac to CBA/T6T6-in the antiserum treated 
mixture is subtracted: from ‘the NRS- treated mixture and 
divided by the latter ratio. The figure is then multiplied 
by 100. CBA/Lac can be distinguished from CBA/T6T6 
mitotic figures by virtue of the fact that the latter contain 
a tiny pair of marker chromosomes which can be easily 
visualised when the cells are arrested in metaphase”. The 
LPS used was Æ. coli 0:55 LPS (Difco) and the colcemid 
was purchased from Ciba Labs Ltd. (Horsham, Sussex). 









devoid of cytotoxic activity when tested against thymocytes, 
though still able to kill almost 50% of spleen cells. 

The anti-Ig was then examined for its ability to kill 
B lymphocytes arrested in mitosis. In addition, other anti- 
sera were tested such as anti-6 (ref. 1), anti-H2 and 
anti-MBLA®. The assay system used has been described in 
detail; it uses chromosome marker techniques’’ and is 
outlined diagrammatically in Fig. 1. 

In Table 2 are recorded the results of experiments in 
which several types of antisera were tested for their ability 
to inhibit oxazolone-induced mitotic T cells'®, or LPS- 
induced mitotic B cells. Anti- eliminated 100% of mitotic 
cells found in the draining lymph nodes of oxazolone- 
stimulated mice, as did anti-H2 serum. Conversely both 
anti-MBLA (a marker for B cells®) and anti-Ig were 
without such an effect. When LPS-induced mitotic cells 
were treated, anti-H2 and anti-MBLA were both found 
to be highly cytotoxic, whereas anti-@ was totally devoid 
of any such activity. But the anti-Ig was also found 
incapable of killing these LPS-induced mitotic cells in 


_. Spite of the fact that 47% of the LPS-immune spleen cells 
Ee could be killed in the same suspension as assessed by 


trypan blue cytotoxic testing. 
In a parallel experiment, E. coli LPS was used as a mito- 
n to activate spleen B cells in vitro" and PHA (Burroughs 










Welicome) was used to activate T cells’? in separate c 
cultures using methods described previously”. Agai 
was found to possess little ability to eliminate mite 
activated in vitro by LPS, whereas anti-6 eliminated 

90% of PHA-activated mitotic cells (Table 3). | fe 

It may be that the cell surface Ig molecules associated _ 
with B cells undergo a density or possibly distributional © 
change” during mitosis such that the cells are no longer 
capable of being lysed by anti-Ig and GPC. Antigen . 
density on cells is known to play a critical role in comple- 
ment-mediated cytolytic reactions” as well as antigen- 
distribution”. Buell and Fahey” tested Ig-bearing and. Ig- 
producing human lymphoid culture cell lines during differs _ 
ent phases of the cell cycle for the presence of Ig by 
direct immunofluorescence techniques. They found little Ig 
apparent immediately before, during, and immediately after : 
mitosis; in contrast the G, and. S- phases were. highly — 
positive’. Similar results were obtained. by Takahashi et al.” ~ 

A factor which should not be overlooked in- ‘these i 
experiments is the possible effect of colcemid itself on cell 
surface Ig: mitotic inhibitors such as colcemid are k : 
to have an effect on lymphocyte receptor. mobi 
should, however, be stressed that anti-Ig+GPC 
almost 50% of spleen cells from LPS-injected m 
had been given colcemid in vivo, and where the. 
carried out in the presence of colcemid (Table 2). : 

We have also found that treatment of LPS-immu 
colcemid treated spleen cells with rabbit anti-Ig follow 
by a sheèp anti-rabbit immunoglobulin serum in the pres- 
ence of complement was still incapable of killing cell: 
arrested in mitosis (Table 3) (R. S. K., unpublished observ. 
tions), which suggests that there may be loss of cell surfa 
Ig on the mitotic cells. We are presently studying the cel 
surface Ig on mitotic B cells using peroxidase staining 
and electron microscopic 

These results indicate that treatment of antigen-activated 
lymphoid cell populations with anti-Ig plus complemen 
to kill B cells (for example, ref. 11) may spare a small 
number of specifically activated cells which could partially i 














Tn Creel so aoe satis pias omelet ak , 
non-dividing and on mitotic T and B lymphocytes s 


 %Kill. of BS 


Stimulus Lymphoid Antiserum Cytotoxic index 
source (trypan blue) mitotic 
lymphocytes 

Oxazolone lymph node anti-6* 68 100 
Oxazolone lymph node anti-H2t > 95 oe 
Oxazolone. lymph node anti-MBLAT 23 

Oxazolone lymph node anti-Ig 20 0 

E. coli LPS spleen anti- 28 0 

E. coli LPS spleen , anti-H2 > 95 98 

E. coli LPS ‘spleen anti-MBLA 32 84 

E. coli LPS spleen anti-Ig 47 4 


The assessment of cytotoxic activity on mitotic lympho- 
cytes of the various antisera Ha carried out as deseri 
previously™* and shown in Fig. 1. Just before mixing the 
antiserum-treated CBA / Lac ile with the control treated 
CBA/T 616 cells, a small aliquot was withdrawn and assayed 
for the % cells killed by the dye exclusion method. Control. 
treated CBA/Lac cells were also tested and the cytotoxic 
index calculated. An equivalent aliquot was withdrawn from 
the CBA/T6T6 cell suspensions to control for cell loss 
before mixing and cytological analysis, Draining axillary 
lymph nodes or spleens were removed 3 d after stimulation 
of the mice. In all cases 250 ul of neat antiserum was used 
to treat § x 10° nucleated cells except in the case of anti- 
MBLA,. where only 100 yl was used. This gave a lower 
cytotoxic index than is usually obtained and may account for 
onlv 84% of the LPS activated mitotic cells being killed. 

*The anti -Bcza serum which is specific for T cells’ was pre- 
pared as described previously’*, and its properties have bee: } 
described elsewhere’*. as 

+The anti-H2 serum was made by injecting Balb/C { 
with 20 x 10° spleen cells from CBA (H2*) donors at week 
intervals for 6 week and bleeding the mice 1 week after the 
last injection. 

tThe anti-MBLA serum which is specific for B cells. after 
absorption was made according to the method of Raff et al. 

and absorbed with MyG as well as thymocytes. 
















Table 3 Cytotoxic effects of anti-@ serum or anti-immunoglobu 





E: coli LPS 
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m plus GPC on mitotic lymphocytes activated in vitro by PHA or 





Serum treatment of 


Experiment Mitogen spleen cells fram: 
CBA/Lac CBA/T6T6. 
cultures cultures 

1 PHA a anti-8 NMS 
b NMS NMS 
2 PHA a anti-lg NRS 
b NRS NRS 
3 LPS a anti-6 NMS 
b NMS NMS 
4 LPS a anti-Ig NRS 
b NRS NRS 


On day 0, CBA / Lac or CBA/T6T6 spleen cells were incu- 
bated with either PHA or LPS in a manner as previously 
described (1 x 10° cells per culture)**. On the evening of 
day 2 colcemid was added to each of the cultures and they 
were collected 16 h later. Using experiment 1 as an example, 
5 x 10° PHA activated CBA/ Lac spleen cells were incubated 
with 0.25 ml of neat anti-6, followed by 0.5 ml of 1:8 GPC. 
The surviving cells were mixed with 5 x 10° PHA activated 
CBA/T6T6 spleen cells which had been treated with 
NMS+GPC and the mixture was then subjected to cyto- 
logical analysis. In la, only six of the mitotic figures counted 
were CBA/Lac in origin. A control mixture (14) in which 
both the CBA/Lac and CBA/T616 cells were treated with 


compromise the use of such antisera in such cases. This in 
turn suggests a means by which it may be possible to 
‘negatively’ select for (and subsequently isolate) a small 
number of specifically activated B cells. Treatment of a 
population of antigen-activated, colcemid-treated, lymphoid 
cells by anti-Ig plus complement should kill all B cells 
except those arrested in metaphase, and the majority 
of these mitotic cells should have specificity for the 
activating antigen. 
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Note added in proof: Preliminary electron microscope 
studies using immunoperoxidase staining have revealed that 
mitotic B cells do in fact contain large amounts of cell sur- 


face Ig molecules, similar to that found on resting B cells. 


R. S. KERBEL 
M. J. DOENHOFF 

Chester Beatty Research Institute, 

Fulham Road, London, SW3 6JB, UK 

Received March 19, 1974. 

! Raff, M. C., Transplanin Rev., 6, 52 (1971). 

* Greaves, M. F., Owen, J. J. T., and Raff, M. C., in T and B 
Lymphocytes: Origins, Properties and Roles in Immune 
Responses (Excerpta Medica and American Elsevier, 
Amsterdam, 1973). 

* Pasternak, C. A., Warmsley, A. M. H., and Thomas, B. D., 
J. cell Biol.. 50. 562 (1971). 

* Graham, J. M., Sumner, M. C. B., Curtis, D. H., and Paster- 
nak, A., Nature, 246, 291 (1973). 

* Sumner, M. C. B., Collin, R. C. L. S., and Pasternak, C. A., 
Tissue Antigens, 3, 477 (1973). 

° Cikes, M.. and Friberg, S., Proc. natn. Acad. Sci, U.S.A., 68, 
566 (1971). | 

" Lerner, R. A., Oldstone, M. B. A., and Cooper, N. R., Proc. 

natn. Acad. Sci., U.S.A., 68, 2584 (1971) 

* Takahashi, T., Mand, J. J., Carswelk E. A., and, Thorbecke, 
G., J.. J. Immun., 107, 1520 (1971). 

° Forman, J., and Miller, G., Transplanin Rev., 17, 108 (1973). 

” ih R., and Rittenberg, M. B., J. Immun., 112, 47 

4 i “9-5 

a prs S. G., and Adler, W. H., J. Immun., 110, 1344 

$i : 


“Cytological _ gii 
analysis l Ratio of % Kil by 
CBA/Lac CBA/T6T6 Lac/T6T6 antiserum 
6 94 0.064 90.4 
40 60 0.667 
35 65 0.538 — 9.1] 
35 67 0.493 
33 67 0.493 21.8 
39 6] 0.639 
39 6l 0.639 8.1 
41 59 0.695 
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CBA/Lac in origin. The % kill by anti-@ was calculated by 
subtracting the ratio of CBA/Lac to CBA/T6T6 figures in 
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used. In these cases 5 x 10° PHA or LPS activated spleen 
cells were incubated with 0.25 ml of anti-Ig at O°C for I h 
before the GPC was added. 
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Yeast-mycelial conversion induced by 
N-acetyl-D-glucosamine in Candida albicans 


DIMORPHISM in fungi is generally defined as a reversible 
transition from a yeast habit of growth (Y) to a mycelial one 


(MY. In Candida albicans Y->M transition can occur rapidly 


in serum’, serum substitutes and other natural? and 
synthetic media’. In a few hours the yeast cell or blastospore 
forms a germ tube which grows as a true mycelium®**. Since 
the cellular form depends on wall construction”, marked 
modifications in the organisation of wall components are 
expected to, and in fact do, occur during morphogenesis. 
Nevertheless, there ig, chemical, cytochemical and ultra- 
structural evidence’ that the differences between Y and 
M walls of C. albicans are essentially quantitative, strongly 
suggesting that hyphal conversion in this yeast is controlled 
by the modulation of pre-existing enzymatic activities rather 
than by any new factors. 
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In view of the usefulness and reliability of germ-tube 
formation in C. albicans as a model of hyphal morpho- 
genesis, it is unfortunate that most of the media so far used 
are too chemically complex to enable an understanding of 
the biochemical basis of this phenomenon. We are therefore 
investigating the minimal requirement for germ-tube 
formation and show here that acetylglucosamine meets this 
requirement. We shall also discuss a working hypothesis 
for a possible role of chitin synthetase in the mycelial 
conversion of C. albicans. 

Strain A;r of C. albicans (Robin) Berkhout was grown as 
described elsewhere”. A standard inoculum of 0.8 x 10° cells 
(essentially pure blastospores from the late logarithmic phase 
of growth) was given to a mixture containing the test sub- 
stances, at the desired concentrations, dissolved in H:O or 
in buffer imidazole-HCl 0, 01 M, pH 6, 7 (standard), in a 





Fig. 1 Germ tubes from blastospores of C. albicans after 5h 

of incubation in imidazole-HC] buffer, 0. 01 M, pH 6. 6 contain- 

ing acetylglucosamine 2.5 mM and MnCl, 0.1 mM. The arrows 
point to cells with two germ tubes (x 500). 


final volume of ! ml. After temperature equilibration, 
reagents were added and the mixture kept under slight but 
constant agitation at 37° C. At fixed time intervals, a drop 
of cell suspension was examined under the light microscope 
for germ-tube formation, this being recorded as the 
percentage of elements having at least one recognisable 
germ tube per 200 elements, regardless of the length of 
the tube. N-acetyl-D-glucosamine (standard purissimum) 
was obtained from Fluka, Switzerland. All other substances 
employed were of standard reagent grade. 

Owing to the heterogenity of the initial blastospore 
suspension, the process of germ-tube formation was 
essentially asynchronous but in appropriate inducing con- 
ditions (see below) after 5 h more than 90% of the cells 
showed a germ tube of variable length, with many germ 


Table 1 Potentiation or inhibition of acetylglucosamine-induced 
germ-tube formation in Candida albicans 


Inducer Medium and Other Germination 

(2.5 mM) ions substances (%) 

absent H:O; Mg??* or — 3-5 
Mn?* (0.1 mM) 

absent imidazole-HCl _ 6-8 
Mn?t (0.1 mM) 

present H,O = 40-42 

present imidazole-HC] — 44-47 

present H.O; Mn?* (0.1 mM) = 60-65 

present imidazole-HC] — 74-78 
Mn?t (0.1 mM) 

absent imidazole-HC] cysteine (1 mM) 0 

present imidazole-HCl cystefne (1 mM) 0 





l Germination values were taken from two independent determina- 
tions, after 4 h incubation at 37°C. Imidazole-HC! buffer was used 
a | ye and acetylglucosamine-water measured approximately 
PH 6.65. 
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Fig. 2 Time course of germ-tube formation induced bya cetyl ae 
glucosamine 2.5 mM, alone (—- @—--- @ ——— @—-}, plus MgSO, 
0.1 mM (——j-———BR——BR—), or plus McCi, OI 


(— A—— A—— A). Tests were carried out in imidazole-. 


HCI buffer 0.01 M, pH 6. 6, at a temperature of 37° C Values’ e 
are means of two independent determinations. = 






tubes appearing as true hyphae (Fig. 1). The time course of oo 
germ-tube formation in various conditions of stimulation — 
with acetylglucosamine is shown in Fig. 2. The germination 
curve took a sigmoid shape, the maximum rate being 


recorded between the second and the fourth hour of — 


incubation. The addition of 0.1 mM MgSO. or MnCh 
greatly enhanced the germinating effect of acetylglucosamine 
(slightly more evident with Mn”). But higher doses of these ` 
ions caused no activation but instead a variable degree of 
inhibition, which is maximal (germination completely _ 
abolished) in the presence of 20 mM Mg* or 25 mM Mn > 
Germination did not occur in phosphate Na/K buffer 0.1 M - 


even at high doses of inducer (50 mM) and the same 
‘midazole-HCI buffer was somewhat inhibitory when used at. 


a concentration (0.5 M) higher than that of the standard 
reaction mixture. Therefore, considering the lack of -> 
specificity of these ionic inhibitors, it seems likely that — 
germ-tube formation is sensitive to a high ionic strength. 
Indeed, high levels of germination can be induced by — 
acetylglucosamine in plain water. Both in water and in - 
imidazole-HC! buffer, the presence of 0.1 mM cysteine 
completely suppressed the germination (Table 1). 

Acetylglucosamine behaves as a strong and rather specific 
inducer. At 20 M it causes, in the presence of 0.1 mM — 
Mn”, 20 to 25% germination after 2 h at 37° C; in this 
case, however, the phenomenon does not reach completion, 
even if the mixture is incubated for long periods (12 h). The 
minimum necessary concentration to achieve full germina- 
tion falls in the range 0.8-1 mM. Of the analogues tested- 
for their effect on germination (glucose, glucosamine, 
galactosamine, fructose, glucose-! phosphate and acetyl- 
galactosamine) none had any effect until a concentration of 
20 mM was reached; at 50 mM, glucosamine and acetyl- 
galactosamine showed a very slight effect (5 to 8% of 
germination) of the same order of magnitude as that 
recorded by incubating blastospores in Mn’+-enriched 
imidazole buffer in the absence of acetylglucosamine 
(Table 1). 


As shown in Fig. 3, the useful ranges of temperature . 


and pH for acetylglucosamine-induced germination in. 


C. albicans are rather narrow, the optima falling at around .- 


37°C at pH 6.6. In particular, the germination was — 
markedly low or absent at alkaline pH, at variance with 
what occurs in serum or other media’. 
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Fig. 3a Temperature dependence of C. albicans blastospore 
germinations induced by acetylglucosamine 2.25 mM in 
imidazole-HC1 0.01 M, pH 6.6 containing Mn?** 0.1 mM. 
Effect of pH on germ-tube formation by acetylglucosamine 
2.25 mM in imidazole-HC! buffer with (— @®--—- è — @ —) 
or without (— A———A———-A—) Mn** 0.1 mM. The tests 
were performed at 37° C. Values are means of two independent 
determinations. 


Thus even at very low doses, acetylglucosamine, unlike 
related carbohydrates, can induce significant germination 
in the absence of other carbon and nitrogen sources. This, 
together with consideration of the experimental conditions 
under which acetylglucosamine induces germ-tube formation 
in C. albicans suggests a specific activating role for acetyl- 
glucosamine. 

While appropriate experiments must still be performed 
before an understanding of the mechanism of acetyl- 
glucosamine action is reached, we shall consider the 
possibility that acetylglucosamine directly triggers some key 
reaction in the dimorphism in C. albicans. An obvious 
candidate for such a role is the chitin synthetase because 
N-acetyl-D-glucosamine is both the monomer and a specific 
activator of such an enzyme in yeasts (and other fungi “Y. 

A controlled activation of chitin synthesis could be a 
simple way to meet the requirement for increased chitin 
content of the emerging germ tube and of the hyphal 
wall?~'*. In Mucor rouxii, acetylglucosamine is incorporated, 
through its UDP derivative, into chitin and it has been 
observed that chitin synthetase activity is highest at hyphal 
tip’. The experimental conditions under which acetyl- 
glucosamine induces germ-tube formation in C. albicans are 
comparable to those reported as characteristic of a chitin 
synthetase assay in vitro (pH range, activation by Mg™ and 
Mn”, specifity)*. Certainly, as shown in studies on septum 
formation, the cellular control over chitin synthesis may be 
highly sophisticated’ but it is attractive, in line with the 


results reported above, to think that the levels of free acetyl- 
ee glucosamine in the cell may have a part in controlling 


overall chitin synthesis and, consequently, germ-tube 
formation in C. albicans. It is also worthwhile to note, in 
view of the classical concepts on the control of morpho- 
genesis by Nickerson and Falcone’, that acetylglucosamine- 
induced mycelial conversion cannot occur in the presence 
of an adequate amount of SH comppund such as cysteine. 

Regardless of these speculations, we have here described 
an experimental system which is very simple and quite 
amenable to direct biochemical investigations aimed at an 
. understanding of the biochemical basis of mycelial con- 
© version in C. albicans. These investigations may support or 
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rule out a role for chitin synthetase in this phenomenon. 
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Early visual adaptation in 
goldfish retinal ganglion cells 


THe human visual system responds with transient losses of 
sensitivity when background light levels are suddenly in- 
creased or decreased. Crawford? measured the early threshold 
changes in humans by means of a small circular test flash 
presented before, during and after presentation of a larger 
diameter adapting light. He found that threshold increased 
just before the onset of the adapting light, reached a peak 
shortly after onset, and then decreased during the sub- 
seguent 0.5 s. Immediately before the offset of the adapting 
light, threshold increased slightly, peaked at offset and then 
returned to its original level. Other investigators have re- 
ported essentially the same results under various condi- 
tions’”*. The increase in visual sensitivity during the first 
few seconds of light adaptation and the peaked loss of 
sensitivity at the offset of the adapting light are in the 
wrong direction as predicted by bleaching of the photo- 
pigments. Consequently, Baker” suggested that neural factors 
account for the early change in visual adaptation. Unfor- 
tunately, the question of mechanisms involved to account 
for these rapid changes in visual sensitivity cannot be 
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answered from psychophysical experiments since the re- 
sponse range cannot be assessed during these periods. 

We examined the transient losses of sensitivity at onset 
and offset of an adapting light in thirteen isolated retinal 





x eviously™*. All ganglion cells were 
opponent types; the centre of each cell’s receptive field re- 
ceived an inhibitory input from receptors containing a 
photopigment whose maximum absorption was at 625 nm 
and excitatory input from receptors containing a photo- 
pigment whose A max absorption was at 530 nm (refs 6, 9). All 
cells had a central receptive field area of diameter about 1 
mm on the retina and a surround larger than 3 mm. The tests 
and adapting stimuli were focused directly on to the centre 
of the cell’s receptive field under steady photopic back- 
ground conditions. A 480 nm test light was chosen to 
stimulate the A max = 530 nm excitatory cone system, while 
a 570 nm adapting light was chosen because there is an 
equal quantal absorption at this wavelength by the two 
goldfish cone photopigments”’. 
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Fig. 1 Intensity response function of the excitatory 


mechanism of a light adapted opponen. (—R/ +G) cell 
before and 500 ms after onset of an 0.5 mm adapting light 
of 570 nm containing 3.6 x 10% quanta s~? cm7? (abscissa 
represents log test irradiance of 480 mm, 0 corresponds to 
7.2 x 10'* s~' em~*). The mean of 10 incremental responses 
measured in spikes s~' above the spontaneous level during 
the 0.5 s presentation of the test spot is plotted on the 
ordinate (dotted line 0 corresponds to the normalised 
spontaneous level in both figures), @, Measured at steady 
photopic levels (2.2 pW cm’), spontaneous level being 
23 + 5 spikes s~'. W, Response function at 0.5 s after onset 
of the 570 nm adapting light presented at the same photopic 
background; spontaneous level at this time being 31 + 
spikes s7’, 


The sensitivity of the excitatory mechanism at various 
times before, during and after the presentation of adapting 
lights parallels those seen in human psychophysical experi- 
ments, although the time course is longer in this cold 
blooded vertebrate retina’’. We measured the intensity 
response function during the periods when these cells showed 
a transient loss of sensitivity (Figs 1 and 2). The effect of 
the onset of the adapting light on a cell’s intensity response 
function is shown in Fig. 1. A smooth curve drawn through 
the intensity response function at a steady background level 
illustrates the range of about 1 log unit from threshold to 
the peak response (in Fig. 1). We refer to threshold-to-peak 
and not saturation because at higher an intensity level than 
the peak response the inhibitory 625 nm cone system input 
reduces the peak response. Adapting light of wavelength 
longer than 570 nm selectively depresses the sensitivity of 
the A may = 625 nm cone system and increases the threshold 
to peak response range”. The curve is shifted to overlap the 
intensity response function measured at 500 ms after the 
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Fig. 2 Intensity response function of the excitatory. ae 
mechanism of a light adapted opponent (—R/+G) cell. @, © 
Response function at photopic levels of 2.2 pW cm~’, 
spontaneous level being 9 + 3 spikes s*. A, Response. 








function at the same photopic level when a 0.5 mma 
light of 570 nm containing 3.6 x 10° quanta s~* em 
been on for at least 5 min, spontaneous level is 16 to- 
spikes s~! at this time. X, Response function at photopic 
levels 0.75 s after the offset of the 0.5 mm adapting spot of 
570 nm light, spontaneous level at this time is 30 + 5 spikes 
s7}, (Abscissa represents log test irradiance of 480 nm, > 
O corresponds to 7.2 x 10% s7? cm™*.) as 


onset of the adapting light. The intensity response function 
has shifted to the right on the intensity axis, about 1.5 log 
units, but the range from threshold-to-peak is unaltered. A 
similar shift in the intensity response function occurs at the 
offset of the adapting light as illustrated on a different cell 
in Fig. 2. The intensity response function at a steady back- 
ground level is shown for comparison. The steady 570 nm 
adapting light decreased the sensitivity by about 0.5 log units - 
as illustrated by the shift cf the intensity response function 
to the right on the intensity scale. At the offset of the 570- 
nm adapting light, the sensitivity was further depressed and 
the range of response is further shifted to the right on the 
intensity axis. Although it is not shown in Fig. 2, after 3-5 
min the response function shifted back to its pre-adapted 
position. The important generality expressed in these specific 
examples is that under all conditions of adaptation, transient 
and steady state, the range of incremental response from. 
threshold to peak remained the same. 

The early loss of sensitivity at onset and offset of an 
adapting light in these experiments was not due to a com- 
pression of the response function or a saturation effect at 
the ganglion cell. The range of light intensity necessary to 
elicit a threshold to peak response was the same immediately 
after onset or offset of the adapting list as in steady state 
conditions. The response function shifted when plotted on 
a log intensity axis and maintained its general shape and 
slope. The results show that in these ganglion cells, the 
operating range shifts across the intensity axis, consistent 
with a gain change. 

The knowledge that gain changes occur in the visual 
system is neither new nor unexpected, and has been shown 
in many physiological experiments involving both field and 
bleaching adaptation". Previously, however, the gain 
changes, as measured by a cell’s response function, were 
assessed at steady stages of light and dark adaptation where 
photochemical events are monotonically related to sensitivity. 
The early threshold events of light and dark adaptation in 
man are not monotonically related to photochemical events 
and have been presurthed to be limited by neural events. | 
However, in the ganglion cell of the goldfish retina, we have 
found that the early adaptation events are best described 
as gain changes and are similar to the change in gain which 
occurs in the later stages of light adaptation. The signals 








from amacrine and horizontal cells show a transient change 
in the resting potential with the onset and offset of light con- 
sistent with the observed shift in the ganglion cell's response 
function’. The signal from either of these cells may be 
involved in the rapid translation and return of the ganglion 
cell response function across the intensity axis. 

Since the early visual sensitivity changes in the human 
closely parallel those seen in the ganglion cell of the gold- 
fish retina, gain changes may also be responsible for the 
early transient sensitivity changes observed in humans. 
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metric Foundation Fellowship. 
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Carcinogenicity of bracken and shikimic acid 


SINCE our initial reports of the carcinogenic potential of bracken 
for rats and mice’, part of our work has been directed towards 
the isolation of the causative factor(s). The assays used have 
included acute toxicity testing in mice (orally and intraperitone- 
ally (i.p.)) and mutagen trials with Drosophila and mice, as well 
as long term cancer induction in rats and mice. The former suffer 
from the disadvantage of being nonspecific for carcinogens and 
the latter from the delay of a year or 15 months before results 
can be assessed, A fraction was isolated, however, which proved 
positive for acute toxicity, mutagenicity and carcinogenicity in 


con “mice and the preliminary molecular formula of C,H,O, was 
ae given for the main constituent*, 
~ We have now carried the chemical characterisation further 


‘and: after correction by a low temperature mass spectrum (the 
addition of a molecule of water to bring the molecular weight to 
174 (C;H,,O;), the full analysis gave clear evidence that the 
isolated compound was shikimic acid (3,4,5 trihydroxy-1- 
cyclohexene-1-carboxylic acid). The detailed report on the 
chemical elucidation will be given elsewhere. 

At first sight, shikimic acid does not seem to be a likely 
candidate for a carcinogen, it is widespread in plants®, being on 
the biosynthetic pathway of aromatic ring compounds, and it 
does not fall readily into the well known groups of chemical 
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Table 1 Mouse tumours following administration of shikimic acid 


Age at 
Dose death 

Sex (ng) Route* (weeks) Neoplasms 

M l i.p. 70 Glandular stomach advanced 

: grade H 

M 5 Lp. 70 Glandular stomach grade II 

M 10 ip. 62 Glandular stomach grade | 

M 10 Lp. 62 Glandular stomach early grade I 
M 15 ip. 62 Glandular stomach grade H 

M 20 Lp. 58 Reticulum cell B leukaemia 

F 20 Lp. 58 Reticulum cell A leukaemia 

i Pulmonary adenoma 
M 20 Lp 38 Lymphocytic leukaemia 
M 100 ST 34 Reticulum cell B leukaemia 
Glandular stomach early grade I 

M 10 Lp. 78 — 

M 10 i.p. 70 m 

M 15 i.p. 62 = 

F 20 i.p. 62 a 

F 30 ip. 70 = 





* ip., intraperitoneal; ST, stomach tube. 


substances which can induce cancer in experimental animals. 
Considerable effort was therefore devoted to the minor con- 
stituents of the fraction as revealed by chromatography, but 
fortunately shikimic acid was not entirely neglected and single 
administrations of the commercially produced acid of tested 
purity (BDH Ltd) were given to mice. We now have to report 
the results, to date, of this experiment which are shown in 
Table Í. 

TF1 strain mice (Tucks), averaging 10 weeks of age, were 
given single i.p. injections of aqueous shikimic acid. Later groups 
have been dosed orally by stomach tube and the first fatality 
among these is listed in the table. Out of 14 animals, 9 had 
cancerous and precancerous lesions. A total of 57 control mice 
were treated in the same way with various inert materials in 
aqueous solution and killed after comparable periods of time. 
It is important that none of these animals had any neoplasms at 
all, as it indicates that for this strain of mice the spontaneous 
tumours of old age are not encountered at ages of 15 months or 
less. 

The leukaemias are classified according to the system 
described by Dunn®, and display the variety of classic features 
including widespread dispersal through the peritoneal and 
pleural cavities and involvement of organs such as lymph nodes, 
spleen, liver, and kidney, The reticulum cell A leukaemia was 
extremely disseminated, with the elongated and round cell types 
equally represented. One of the reticulum cell B leukaemias 
had binucleate giant cells and also a greater mixture of plasma 
cells with the lymphocytes than usual. Grade I neoplasms of the 
glandular gastric mucosa include those changes which are 
limited to the mucosa itself, whereas in grade H invasion through 
the muscularis mucosae into the submucosa has taken place to 
give the typical ‘carcinoma in situ’. In two of the latter, intesti- 
nalisation of the tumour epithelium had also taken place. 

In the light of these results a mouse test for the production of 
dominant lethal mutations was conducted according to the 
method of Bateman’, five mature male mice (TFI strain, 
averaging 10 weeks old with weights 25-30 g) were used in each 
test group and ten injected with 0.5 ml of physiological saline for 
control figures. One group was injected (i.p. with 25 mg of 
shikimic acid in 0.5 ml of water, which is approximately the 
LD, dose (1000 mg kg“), and a second group had an oral dose 
administered by stomach tube of 80 mg in 0.2 ml of water. For 
the 8 successive weeks of the spermatogenic cycle, the males 
were mated with four virgin females. These were removed at the 
end of each week and kept until the 12th day from the midweek 
of their mating, when they were killed, the uterus removed and 
scored for total implantations, early deaths indicated by 
deciduomata, and late deaths. | 

The results are plotted as the percentage of dead implants 
against weeks from injection (Fig. 1). The percentage, which has 
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Fig. 1 Dominant lethal mutations induced in mice by commer- 
cial shikimic acid: .@, 25 mg (intraperitoneal injection): ©, 80 
mg ome tube); A, control. 


also been termed the Mutagenic index, is derived from the 
formula: ee 
(didini = late denies) total implants (x 100). 

Each weekly figure is based on the results from 20 females and 
the numbers not. pregnant will decrease the accuracy. It is 
important that total implants should exceed 100, and in the 16 
shikimic groups they averaged 163 (104-210), while the controls 
averaged 171 ( 115-237). ‘Taken over the whole 8 weeks, the 
average control figure was 4,4% (3.2-5.4), whereas the oral 
shikimic group reached a peak of 13.6 and those injected i.p. 
were consistently high from the second week onwards, reaching 
a final maximum of 22.1%. 

It is interesting to compare these results with those of Epstein 
and Shafner® investigating the mutagenic effects in mice of a 
variety of environmental pollutants, including carcinogens, with 
an almost identical experimental design. The main difference is 
that their control mice had an average dominant lethal rate of 
1.0% (0-3) while our corresponding figure was 4.4% 

On the other hand, the dosage was of the same order, approxi- 
mating to LD, in both cases. On this basis, of the carcinogens 
listed, only aflatoxin and benzo-a-pyrene reach a level of dead 
implants of 11% and of all the groups of compounds only 
METEPA (ref. 8) and related pharmaceuticals reach into the 
20° range. 

The long term results from previous experiments are now 
showing clearly that there is a second and different fraction 
derived from bracken which contains a strong carcinogen and is 

also capable of inducing the syndrome of acute bovine bracken 
poisoning (1. A. E., R. S. Jones, D. L. Jones and W. C. Evans, 
. unpublished). That this agent is a more powerful tumour inducer 
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in mice than shikimic acid is indicated by the fact: 
administrations (i.p. and orally) will produce m 
squamous carcinoma of the forestomach as well as the 
gastric tumours. As well as investigating this fraction, 
on shikimic acid are being extended to include its effects 
experimental animals and daily small oral dosage as: 
the single administration tested so far. | 
We are grateful for financial support from. 
search Campaign grant, the World Health 
Veterinary Division, and a postgraduate rese: 


Harwell. 
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Phylogenetic origin of xenogeneic recogt 


Since Metchnikoff (quoted in ref. 1) showed that amoeb 
the circulating cells in invertebrates, are capable o 
cytosis!, it has become increasingly apparent that t 
various immunological functions. For example, ame 
mediate resistance to infection®* and rejection of : f 


We have described recognition at the elaine levi 
northern sea star, Asterias vulgaris (Echinodermata) 
animals distinguish between autologous, allogeneic anc 
geneic cell challenge, as evidenced by the develop 
clumping, and a corresponding decrease in the nu 
circulating single cells, a phenomenon occurring. onl 
xenogeneically challenged host. Xenogeneic cells coul 
identified in these large multi-cellular clumps‘. : 

In addition to host clumping, which is a mechan m of : 
trapping foreign cells, we were interested in determining yer 
there was a second component to the response, for example, a 
humoral as well as cellular reaction to foreign antigen have 
now found that a soluble factor which mediates i > cell 
aggregation is released by the host in response to xenogeneic but 
not allogeneic cell challenge. : 

Common sea stars (Asterias forbesi) collected near the Marine | 
Biological Laboratory, Woods Hole, were maintained in tanks -= 
containing circulating seawater. Variation in the concentration: > 
of unclumped amoebocytes in coelomic fluid fluctuated very - 
little over 60 min (Fig. 1). p 

Thirty sea stars were inoculated with various cell preparations, 
both of allogeneic and xenogeneic origin. All 15 xenogeneicall 
challenged animals had decreases in circulation cell cot 
greater than 90%. In addition, eight sea stars were evalu 
their initial response: 5 min after challenge when clumping \ : 
maximal and the circulating cell count had reached its nadir, the —~ 
tips of two arms were cut, and the coelomic fluid containing the - 
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Inoculum 


Preinoculum (A4)*  Postinoculum (B8)* 
Seawater 1.3 x 108 1.0 x 108 
Carbon particles 2.3 x 108 1.1 x 108 
Sea star 7.0 x 10° 4.0 x 105 
Sea star 1.9 x 10° 1.7 x 10° 
Sea urchin 2.4 x 108 9.0 x 10} 
Horseshoe crab 1.3 x 108 3.0 x 103 
Horseshoe crab 3.5 x 107 1.3 x 10 
Human RBC 7.5 x 105 2.0 x 10° 


Table 1 Effect of cell-free transfer on circulating amoebocyte counts in sea stars 


B/A x 100 Time 0 (A)* Time 5 (BY BiA x 100 

TI 1.3 x 10° 1.1 x 10° 85 

48 1.9 x 108 4.5 x 10° 24 

57 1.3 x 10° 9.5 x 105 73 

89 6.0 x 108 6.5 x 108 108 
<I 1.7 x 10° 3.0 x 10 Z 

2 1.3 x 108 4.0 x 10 3 
<Í 1.7 x 108 3.5 x 10° 21 

27 1.8 x 108 4.0 x 10! 2 





Sea stars were inoculated with 3.0 ml seawater, | x 10° carbon particles, | x 10° sea urchin amoebocytes, | x 10° horseshoe crab amoebo- 
cytes, or | x 10% human red blood cells. Stars were counted just before inoculation (time 0 (4) ) and 5 min after inoculation (time 5 (B) ). 
Percentages of single cells (B/A x 100) were determined. Precounted naive animals were then inoculated with 1.0 ml cell-free supernatant from 
the challenged sea stars, 5 min counts were obtained, and percentages (B/A x 100) determined. 


* Numbers represent single amoebocyte count per ml coelomic fluid. 


cells was collected. It was then centrifuged for 20 min at 280g 
and 1.0 ml of cell-free supernatants (as verified by microscopy) 
inoculated into a secondary ‘naive’ recipient. The concentra- 
tions of single amoebocytes in the recipient was determined 
before and at intervals after inoculation. 

As Table | shows, when either seawater or sea star ‘allogeneic’ 
cells were used as challenge inocula, clumping did not occur 
either in the challenged animal or the passively transferred 
recipient. Inoculations of sea urchin, horseshoe crab or human 
peripheral blood cells resulted in a sharp decline in the circulating 
cell count. Supernatants from positive responders in turn 
initiated the same response in naive recipients. An example of 
the response of sea stars treated with cell-free supernatants from 
either non-reactive or reactive animals is shown in Fig. 2. Only 
when clumping occurred in the xenogeneically challenged 
animal was there a corresponding decline in single cell concen- 
tration of the passively transferred recipient. Carbon particles 
induced a moderate clumping response which could be trans- 
mitted in the supernatant, indicating that host responsiveness 
rather than lysis of inoculum was primarily responsible for sub- 
sequent in vivo clumping. 

Prendergast’ has isolated a protein (SSF) with a molecular 
weight of 32,000 from the amoebocytes of the sea star which he 
has shown mediates clumping in sea stars treated with SSF. It 
is possible that the factor mediating in vivo amoebocyte clumping 
when transformed to secondary recipients in our system, may 
cross react with SSF. 

The data suggest that recognition in echinoderms is char- 
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Fig. 1 Single amoebocyte counts per ml coelomic fluid were 
determined over time in four normal animals. 
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Fig. 2 Sea stars were inoculated with 1.0 ml cell-free super- 

natants from animals given either 3.0 ml seawater (@) or 1.0 x 10° 

horseshoe crab amebocytes ($). Circulating single cell counts 


were determined over | h. 


60) 


acterised by the following in vivo sequence: (1) distinction of 
xenogeneic antigen; (2) release of activator; (3) clumping, and 
(4) trapping of xenogeneic cells. The mechanism of host 
distinction between allogeneic and xenogeneic antigen is unclear. 
Itis becoming apparent, however, that at this stage of phylogeny 

xenogeneic rather than allogeneic recognition is an intrinsic 
property of the relatively undifferentiated amoebocyte in con- 
trast to vertebrate and mammalian lymphocytes which respond 
vigorously to alloantigens. 

This work was supported in part by a grant from the National 
Cancer Institute. Technical assistance by H. Cantor is gratefully 
aknowledged. 

CAROL L. REINISCH 
Children’s Cancer Research Foundation, 
Department of Medicine, Harvard Medical School, 
35 Binney Street, 
Boston, Massachusetts 02115 and 
Marine Biological Laboratory, Woods Hole, 
Massachusetts 02543 


Received March 13; revised April 25, 1974. 
' Lectures on the comparative pathology of inflammation, (Trench, 
Tribner and Co., London, 1883). 
? Bang, F. B., and Lemma, A., J. Insect Path., 4, 401 (1962). 
3 Bang, F. B., J. Reticufbendothelial Soc., 7, 161 (1970), 
4+ Hostetter, R., and Cooper, E., J. Immun., 9, 384 (1973). 
-° Ghiradella, H. T., Bio. Bull., 128, 77 (1965). 
© Reinisch, C. L., and Bang, F. B., Cell. Immun., 2, 496 (1971). 
7 Prendergast, R. A., Cole, G. A., and Henney, C. S., Ann. N.Y. 
Acad, Sci. (in the press). 





Nature Vol. 250 July 26 1974 


Turtle drift 


Sir,—It occurs to me that the origin 
of the peculiar migration pattern of the 
green turtle, Chelonia mydas may be 
otherwise than suggested by Carr and 
Coleman’. They argued that since the 
early Cainozoic certain turtles have 
inherited a tendency to swim a particu- 
lar WNW-ESE path from Brazil to 
the Ascension Islands, swimming 
against the prevailing current for about 
eight weeks. They note, however, that 
Chelonia, which is a herbivorous, fre- 
quently seagrass (‘turtle grass’) eating 
form, is not recorded before the Mio- 
cene. This concurs: with my observa- 
tions’ on Thalassia (turtle grass) and 
its associated biota which did not suc- 
ceed in reaching the tropical Americas 
until the early Miocene. It seems likely 
that these seagrasses came from the 
Indo-Pacific through the southern tip of 
Africa, and drifted passively across to 
Brazil from West Africa on the equa- 
torial surface current. Therefore sea- 
grass feeding grounds at least, were 
situated on the eastern side of the 
Atlantic first. One might infer from 
this that the herbivorous turtles fol- 
lowed the seagrass biota westwards 
across the Atlantic (through the mid- 
oceanic islands) but returned for the 
breeding season. If this is so, then the 
early ancestors. of Chelonia mydas 
should be found in Africa or further 
east. 

A second consideration is that the 
behavioural pattern suggested by Carr 
and Coleman seems to make little 
ecological or evolutionary sense (which 
they have almost admitted). They imply 
that the home breeding grounds around 
South America became inexplicably 
untenable (presumably many millions 
of years after turtles had become estab- 
lished) so favouring a change in be- 
haviour in these otherwise ultracon- 
servative creatures. The progeny pro- 
duced by this ‘freakish’ behaviour 
were then lucky enough to drift back 
to the old feeding grounds on the cur- 
rent. Bearing in mind the extremely 
conservative breeding behaviour of 
past and present amphibians and primi- 
tive reptiles I feel this postulation will 
need a more thorough explanation. 

Would it not be more in keeping 
with the evidence to postulate the pas- 
sive drifting of juveniles westwards 
across the Atlantic (where, after the 
_.Palaeogene they would have found 


plentiful seagrass) followed at breeding 


time by a homing instinct that leads 
them eastwards to the midoceanic 
islands? The seafloor spreading part 
of their hypothesis would work equally 
well, 

Yours faithfully, 

MARTIN D. BRASIER 

Geology Department, 
The University, 
Whiteknights, 
Reading RG6 2AH, UK 
' Carr, A., and Coleman, P. J., 


249, 128 (1974). 
* Brasier, M. D., Nature, 243, 342 (1973). 
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No radioactive silver 
detectable in 
silver—uranium ore 


Sir, — Lindner eż al.) have reported find- 
ing the radioactive silver isotopes }°*™Ag 
and mAg in silver bars of eastern 
European origin, and have conjectured 
that the silver may have been mined using 
nuclear explosives. Boyle? has suggested 
that it was more probable that the radio- 
active silver had been produced by 
neutrons from (a, n) reactions and 
spontaneous fission reactions of uranium 
in the silver ores. In January 1974, I was 
able tó secure a sample of uraniferous 
silver ore from a mine at Contact Lake, 
North West Territories, near Port Radium 
on Great Bear Lake. The 70 g sample was 
crushed and ground. The resulting pow- 
der was assayed using X-ray fluorescence 
spectroscopy and was found to contain 
6.8%, Ag and 0.97% U. Fifty grams of 
the powder was roasted, treated with HF 
and H,SO,, leached with HNO, and 
the extracted silver was precipitated as 
the chloride. Four grams of AgCl, corres- 
ponding to 3 g of Ag, was counted in a 
defined geometry on a large, high resolu- 
tion, low background Ge(Li) detector for 
25 h. No silver gamma peaks were 
detected, 

The 25 h background of the detector 
in the region of the 658 keV "mAg y ray 
was 110 counts. Using the detection 
limit? of 4.65o0,, where o, is the standard 
deviation of the background for paired 
observations, gives a detection limit of 
50 counts in the peak. 

Lindner ef al! found that the silver 
bullion contained 84 pCi of '°™Ag per 
gram of silver. If this figure is used to 
calculate the expected number of counts 
in the same peak, using a 3 g sample of 








the detector of 2.8 of for e eha energy, 
then the peak would contain 1.1% oo 
counts. The ratio of the "AB found in _ 














radiosilver from the Canadian 
1.1 x 104/50, or 220. Therefore 
that Boyle's suggestion that 1 
active silver found in the. 
Lindner et al. was of natural 
incorrect. 

I thank R. R. Wallace foro 
the ore sample and G. J. Jarbo f 
silver and uranium analyses. ` 

Yours faithfully, 

W. F. MER: 

Biology and Health Physics Division 
Chalk River Nuclear Laboratories, 
Atomic Energy of Canada Limited, — 
Chalk River, Ontario, Canada 
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3 Adams, F., and Dams, R. , Applied Gamma 
Ray Spectrometry, 233 (Pergamo 
Press, Oxford, 1970). 
+ Radioactive Decay Gamma-Ray Compi 
tion DECA YGAM, Oak Ridge Nationa 
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ABO matching in 
kidney graft survival 


Sir,—Joysey et al,’ reported on Kidis 
graft survival in Cambridge with } are 
ticular reference to the ABO group of 
the recipient. The data from Birming- e 
ham confirm these findings and allow | 
a further breakdown by ABO status of He 
the donor. eae 
A system of computer E E i 
tion of transplantation and serological > 
data is being used, which includes the | 
display of survival on a graphical — 
plotter. The data are presented in a 
direct form, showing the fraction of” 
grafts surviving, rather than as ‘actuar- — 
ial’ curves. The graphs, therefore, may 
show irregularities instead of a smooth 
descending curve. The advantages and _ 
disadvantages of various methods of -> 
presenting survival data will be dis 
cussed elsewhere. a 
Excluding second and third - 
161 patients were transplanted be 
May 1968 and January 1974 with RET 
veric kidneys. Figure la shows the sur- i 
vival information in intervals of 3 










352 


months over a 4-yr period. All graft 
failures are included. Survival in group 
O and non-group O recipients shows 
the same difference as in the Cam- 
bridge data, that is that grafts survive 
better in group O patients. At 1 yr 
a 2x2 test shows formal significance, 
y °=6.49, P=0.02-0.01; however this 
test was only made after looking at the 
graphical output. The group A patients 
were divided according to whether they 
received group O or group A donor 
kidneys, Fig. 1b. There seems to be 
no initial difference in survival, but 
the numbers are small. 


Survival 


et) 


ao? 





i 3 4 
Time (yr) 


Fig. 1 Survival of kidney grafts in 
Birmingham. a, Survival in group O 
(x) and group A (+) recipients. b, 
Subdivision of group A recipients 
according to whether they received 
group O (x) or group A (+) kidneys. 
There were 62 group O recipients; the 
75 group A recipients received 51 
group A and 23 group O kidneys, and 
one of unknown blood group. Vertical 
bars represent standard error. 


Only group O recipients are guaran- 
teed an identical ABO match. If a 
mismatch for the product of the O 
gene is not acceptable, using the geno- 
type frequencies for southern England 
from Race and Sanger’, this will only 
account for 14.4% of A to A trans- 
plants and 17.4% of O to A trans- 
plants because the majority of group 
As will be heterozygous AO. Is this, 
together with an allowance for A; and 
As mismatching, enough to account 
for the observed discrepancy in graft 
survival between group O and group A 
recipients? If ABO genotype is import- 
ant, then without A: and A» grouping 
and matching, only 44% of A to A 
grafts will be genotypically identical. 

I am indebted to Professor J. H. 
Edwards and Mrs Karen Glenn for 
developing the system of compttter 
documentation. 

I thank Mr A. D. Barnes for making 
the survival information available and 
the Kidney Research Fund for financial 


assistance with the analysis. 
Yours faithfully, 
PAULINE MACKINTOSH 
Regional Transfusion Service, 
Vincent Drive, 
Birmingham B15 25G, UK 


* Joysey, V. C., Roger, J. H., Evans, D. B., 
and Herbertson, B. M., Nature, 246, 
163 (1973). 

? Race, R. R., and Sanger, R., Blood 
Groups in Man (Blackwell Scientific, 
Oxford and Edinburgh, 1968). 


Spittlebug morph 
mimics avian excrement 


Sir,—-Most colour forms! of the spittle- 
bug, Philaenus spumarius, are cryptic, 
but the marginella morph has a black 
body outlined by white. Thompson? 
has proposed that this phenotype re- 
presents an example of escape warning 
coloration, suggesting that experienced 
predators ignore marginella individuals 
because they remember previous ‘“‘frus- 
trating encounters” with marginella more 
vividly than similar encounters with 
cryptic morphs. The logic of this argument 
is tenuous. It seems equally likely that 
predators should chase marginella more 
actively because of an equally vivid 
recollection of successful encounters. 
Moreover, if the phenotype was a warning 
pattern its fitness should increase with 
increased frequency, for a greater propor- 
tion of experienced predators would be 
encountered. Both cryptic and marginella 
forms must be present for such condition- 
ing, but this is assured even when the 
marginella allele is fixed, for only the 
females are brightly coloured, males are 
cryptic? On this basis fixation of the 
marginella allele should occur, yet in 
natural populations its frequency remains 
low, 

Patterns of black and white have 
functions other than predator warning; 
among small arthropods such patterns 
are frequently associated with excrement 
mimicry*. Indeed the marginella pattern, 
coupled with the elongate shape of P. 
spumarius, produces a convincing re- 
semblance to a bird dropping. Ignoring 
possible complications, such as the 
occurrence of other excrement mimics 
or changes in the grouped abundance of 
the cryptic morphs, marginella frequency 
should be intimately related to model 
abundance. A uniform distribution of 
bird droppings could, for instance, be 
the cause of the relatively constant 
frequency of the marginella morph in the 
Great Lakes area of North America’. 

The frequency-dependent fitness of 
mimetic forms can lead to sex limitation 
when the timing of predation differs 
between sexes. For example, if predation 
is postreproductive in males, but pre- 
reproductive in females, suppression of 
male mimicry allows population size to 
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increase while not affecting male fitness. 
This situation is closely approximated in 
P. spumarius as mating occurs in the 
early summer while egg deposition is 
delayed until autumn®. It is not surprising 
then, that modifiers have accumulated to 
restrict the marginella pattern to females. 

In conclusion there seems little reason 
to suspect that the marginella phenotype 
has any warning significance; rather it 
mimics avian excrement in a situation 
analogous to classical Batesian mimicry. 

Yours faithfully, 
PAUL HEBERT 


School of Biological Sciences, 
University of Sydney, 
Sydney, NSW 2006, Australia 


' Weaver, C. R., and King, D. R., Ohio 
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2? Thompson, V., and Halkka, O., Am. 
Midl. Nat., 89, 348 (1973). 

3 Thompson, V., Nature, 242, 126 (1973). 

* Cott, H. B., Adaptive Colouration in 
Animals (Methuen, London, 1940). 

5 Wiegert, R. G., Ecol. Monogr., 34, 217 
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Mr THOMPSON REPLIES: I believe these 
objections to my proposal are not well 
founded. Cryptic coloration of all forms 
is not necessary for the maintenance of 
an apostatic polymorphism. This can be 
demonstrated quantitatively by a simple 
extension of the model of Clarke and 
O’ Donald! for frequency-dependent selec- 
tion at one locus with dominance. Let A 
represent a dominant allele for con- 
spicuous coloration with frequency I-q 
and A! a recessive allele for more cryptic 
coloration with frequency g. Let ¢ and 
t, represent factors relating the frequency 
of each phenotype to its selective value, 
and let / be a standard fitness. 


Genotypes AA and AA‘ AA 
Frequency after 
random mating l-g? q? 
Selective value: 
Case}  {-t(l-q°*) I-tag’ 
Case2 /-t(l-q*)-+-wl-q*) Iha? 


At equilibrium the selective values of 
the two phenotypes must be equal and 
for this example (Case 1) it can be shown 
that there is a non trivial stable equilib- 
rium for the two alleles at q= [t] 
(t+-t,)] provided that ¢ and ż, are both 
positive (each colour form becomes less 
fit as it becomes more common). Both 
forms will be maintained in the population 
with the more conspicuous form at lower 
frequency. 

Furthermore, an allele determining a 
conspicuous pattern which is also a 
warning pattern will not necessarily 
increase to fixation, even though the 
warning pattern per se confers greater 
fftness as its frequency increases. Let w 
represent the relation between the fre- 
quency of the conspicuous phenotype 
and that part of its selective value deter- 
mined by its function as a warning 
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pattern, with ¢ and /, again representing 
apostatic relations (Case 2). In this case 
there is a non trivial stable equilibrium 
at g = q [t~ w)/(t-- w-+ 4,)] so that when 
t>w the tendency of the conspicuous 
warning pattern to increase will be held 
in check by apostatic selection. Though 
this example probably underestimates 
the complexity of the predator-prey 
relations in question it does demonstrate 
that there is no a priori reason to reject 
the hypothesis that marginella is a warn- 
ing pattern maintained in polymorphic 
condition with more cryptic forms by 
apostatic selection. 

Dr Hebert’s counter proposal is diffi- 
cult to accept. The marginella pattern of 
black on white is too sharp and the black 
on most specimens too unbroken to 
reasonably suggest a resemblance to bird 
excreta. But, as Hutchinson? has noted, 
the colour form trilineata may vaguely 
resemble grass seeds and I do not rule 
out protective resemblance as a factor 
in Philaenus spumarius polymorphism. 

I thank Dr L. Van Valen for comments. 
University of Chicago, 

Illinois 60637 


1 Clarke, B., and O’Donald, P., Heredity, 
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Genetic control of 
natural resistance to 
Leishmania donovani 


Srr,—In studies of infections in mice with 
Leishmania donovani, an intracellular 
parasite, (in preparation) several observa- 
tions are relevant to the recent letter! 
on mouse susceptibility to Salmonella 
showing that seven mouse strains fell into 
two resistance categories. 

Colleagues and I have found that the 
growth rate of L. denovani (Ethiopian 
strain L82) populations in mice varied 
greatly and examined the acute phase, 
the first 2 weeks after infection, in detail. 
Amastigotes from hamster spleen, cleaned 
by differential centrifugation, were in- 
jected intravenously into three mice from 
each of 25 inbred strains and five F, 


hybrids. Parasite numbers at day 15 
in the liver were estimated by Stauber’s 
method. The ratio of parasites to liver 
cells was determined on liver imprints 
and multiplied by the liver weight in mg 
to give a reproducible index of parasite 
load in LDU (Leishman-Donovan units). 

The mean liver parasite load on day | 
of 30.5 LDU did not differ between strains 
but at day 15 inbred mice fell into two 
distinct categories which did not overlap. 
Twelve highly susceptible strains showed 
about a hundred-fold multiplication 
whereas the remaining 13 strains were 
resistant with less than eight-fold in- 
crease. No intermediates were seen except 
for an F, cross between a susceptible and a 
resistant strain which was of intermediate 
susceptibility. The observation suggested 
a rather simple genetic control of re- 
sistance. Our series included the seven 
strains studied by Plant and Glynn? and 
the results are in Table 1. There is precise 
correspondence between resistance to 
S. typhimurium and to L. donovani. 

In breeding experiments resistant C3H 
mice were crossed with susceptible 
NMRI. The F, progeny were both selfed 
and back-crossed to each parental strain. 
Mice were infected as before. Liver 
counts from mice killed after 2 weeks are 
summarised in Fig. 1. Susceptible mice 
reappear as a distinct group clearly 
separable from a wider group corres- 
ponding to resistant and F, categories. 
The proportion of susceptible mice does 
not differ significantly from one quarter 
in the F, and one half in the back cross to 
susceptible parents. Also, the observed 
distribution of other counts fits closely 
to the predicted distribution on Mendelian 
expectations using independent estimates 
of the means and variances of counts in 
F, and resistant mice. 

This is strong evidence for control of 
L. donovani growth in the mouse liver 
by a single gene or tight linkage group. 
The coincidence of response pattern to 


L. donovani and S. typhimurium has a 1:64 


probability of having arisen by chance 
as there are concordant results for six 
separate mouse strains (CS57BL and 
B10.D2 are genetically very similar). It 
is therefore possible that we may be 





Log parasites (LD units) 


Fig. 1 Histogram of liver parasite 
burdens, 14-16 d after infection with 
10° L. donovani, from 16th passage, 
October 1972. Mice derived from cross- 
ing susceptible"(S) NMRI and resistant 
(R) C3H strains. Results from F, back- 
crosses (BC) to S and to R, Fa and 
parental strains are shown. Parasite 
counts have been logarithmically trans- 
formed. 


dealing with the same genetic mechanism’ - 


There is no evidence from our 25 > 


strains that any H-—2 alleles correspond 
with acute phase resistance or suscep- | 
tibility, nor have attempts to map the .. 
gene (provisionally name Lsh, leish- — 
maniasis resistance) given support for 
any linkage to Ir or H—2 loci (D. J. B. | 
and B. A. Taylor, in preparation). ~ 
Results so far do not suggest any direct 
relation of acute leishmaniasis suscepti- 
bility to /r1, H—2 or the ability to mount. | 
an acquired immunological response. 

I thank Jean Kirkley for technical 
assistance and the Royal Society and 
Wellcome Trust for financial support. 

Yours faithfully, 
Davip J. BRADLEY 
Sir William Dunn School of Pathology, 
South Parks Road, 
Oxford OXI 3RE, UK 
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Mouse strain Mean count 


(LDU) 
BALB/c 3,438 
C57BL 3,697 
BIO.D2 new 6,410 
DBA/2 94 
C3H/He 165 
A 149 
CBA/Ce 125 


Table 1 Parasite numbers in mouse Hvers 


Mean log count* Parasite increase 


Ge s.e.) (day 15 count / day f 

count) 
3.534 -+ 0.030 115.1 
3.565 + 0.035 123.3 
3.793 + 0.078 208.4 
1.967 + 0.044 3.1 
2.216 + 0.030 5.5 
2.170 + 0.030 5.0 
2.095 + 0.040 4.2 





Susceptibility 


Leishmania Salmonellat 


DAA ANNN 
AAA ARAY 


_* Here the counts in LDU have been logarithmically transformed which normalises the distributién and renders the variance independent of a 


the mean. 


+ Salmonella typhimurium susceptibility from ref. 1 for comparisoh. 


Parasite numbers were measured 15 d after intravenous infection with 107 amas 


tigotes of Leishmania donovani derived from hamster spleen, 


14th passage, May 1972. Three mice of each strain used. 
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Dr PLANT AND PROFESSOR GLYNN REPLY: 
Bradley's observation that in strains of 
inbred mice resistance to infection with 
Leishmania donovani is either very high 
or very low and corresponds to the level 
of resistance to Salmonella typhimurium 
found by us in six of the same strains 
reinforces the idea that resistance is 
controlled by only one or a few closely 
linked genes. 

Like him, we do not find in further 
breeding experiments that resistance is 
“invariably associated with a particular 
H—2 type. But because of our results with 
delayed hypersensitivity reactions as well 
as on genera] grounds we do believe that 
some sort of enhanced immune response 
is involved. Both S., typhimurium and L. 
donovani are intracellular parasites and 


© ¢ellular immunity is the most important 





< defence mechanism in both. It is unlikely 


~~ though not impossible that there is a 


significant protective antigen common to 
S. typhimurium and L. donovani, though 
it is also unlikely that anyone has actually 
looked for one. An immune response 
gene controlling responses to several 
unrelated antigens would explain the 
results. 


Department of Bacteriology, 
St Mary’s Hospital Medical School, 
London, UK 
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Area postrema 
and blood pressure 


Sir,—Ylitalo etai.1 based their suggestion 
that the area postrema is a control centre 
of blood pressure on experiments in 
which a maintained rise in the level of 
blood pressure, which was also more 
labile than normal, followed destruction 
of the area postrema in rats. As it is well 
known, however, that such effects are 
produced by section of the buffer nerves?, 
the possibility must be considered that 
the baroreceptor pathway could have 
been interrupted where the sinus and 
aortic nerves terminate in the medulla in 
the nucleus of the tractus solitarius*, 
which lies immediately adjacent to the 
area postrema. 

We suggest, therefore, that a simpler 
explanation of the results! is that the 
damage caused by thermocoagulation of 
the area postrema had spread the fraction 
of a millimetre necessary to involveethe 
nucleus of the tractus solitarius. In the 
absence of evidence that the baroreceptor 
_ pathway had been spared, it is not justi- 
fied to put forward the suggestion that 





the area postrema acts as a special blood 
pressure regulating centre. 
Yours faithfully, 

S. M. HILTON 

R. M. MCALLEN 

K. M. SPYER 
Department of Physiology, 
The Medical School, 
The University of Birmingham, 
Birmingham BIS 2TJ, UK 
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On fighting strategies 
in animal combat 


Sir,—The article’ by Maynard Smith 
and Price is unfortunately based on a 
number of unwarranted assumptions, 
and on an inadequate literature re- 
search. It perpetuates an old ethologi- 
cal myth that animals fight so as not 
to injure each other, or refuse to strike 
‘foul blows’ and, presumably, kill each 
other. The authors assumed that there 
were such categories as ‘conventional’ 
and ‘dangerous’ in animal conflict, that 
opponents in combat retreat when in- 
jured, and that opponents retain no 
memory of past contests. None of 
these assumptions can be regarded as 
valid. They were not aware of the 
published field studies primarily of 
large mammals which have shown not 
only how dangerous combat is, but, 
more importantly, have also led to 
new theories of explaining aggressive 
behaviour on the basis of individual 
selection?" 

Two authors at least’*" have de- 
veloped the concept that combat can 
be understood as an interplay of de- 
fensive and offensive behaviour. This 
is a simple point but one missed pre- 
viously, and one that leads to the 
conclusion that animals need not rely 
on altruistic impulses in their oppon- 
ents to escape injury, but rely on their 
abilities to block, evade or frustrate 
attacks. First, the inhibition against 
engagement in overt aggression in 
species with excellent weapons but poor 
morphological or behavioural defences 
can be explained by the principle of 
retaliation®*. This explanation assumes 
that an animal will attack a con- 
specific if it experiences severe pain, an 
assumption amply verified”, Second, 
it assumes that even dangerously armed 
species (excepting humans) usually 
cannot kill an opponent outright and 
thus escape retaliation. This second 
assumption is entirely in line with data 


faulted for 
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from diverse field studies on carnivores 
and ungulates 3, 

The authors also become victims of 
one study of mule deer which can be 
inadequate observations, 
Linsdale and Tomich in their work 
apparently failed to see a fight between 
mule deer bucks and confused the 
common sparring matches with fight- 
ing. Sparring matches are performed 
by bucks of unequal size or dominance 
rank; they are initiated by the sub- 
ordinate buck and terminated by him: 
they are long lasting with many en- 
gagements and have antler wrestling 
as their principal behavioural com- 
ponent. Fights are exceedingly rare, 
occur between matched bucks, and 
differ strikingly in their execution from 
sparring matches; moreover the victor 
chases and attempts to gore the van- 
quished. There are no ‘winners’ or 
‘losers’ in sparring matches. Severe 
wounding does occur in mule deer, 
usually on smaller bucks unable to 
withdraw from onrushing dominants 
which guard females. Flanks, shoulders, 
haunches and faces are pierced: the 
rate of visible wounding is about 10% 
yr™ among bucks exceeding 1.5 yr of 
age. I shall report in detail on this 
in the near future. 

Yours faithfully, 
V. GEIST 
Faculty of Environmental Design, 
The University of Calgary, 
Calgary, Alberta, Canada, T2N IN4 


ee 


Maynard Smith, J., and Price, G. R., 
Nature, 246, 15 (1973). 
* Geist, V., Behaviour, 27, 175 (1966). 
` Geist, V., Mountain sheep: A Study in 
Behaviour and Evolution, chapter 7 
(University of Chicago Press, Chicago 
and London, 1971). 
Bannikov, A. G., Ahirnov, L. V., Lebe- 
deva, L. S, and Fandee, A. A., 
Biology of the Saiga. (US Department 
T ne Springfield, Virginia, 
1961). 
Kurt, F., Das Sozialverhalten des Rekes 
Capreolus capreolus, L. Mammalia 
depicta. (Parey, Berlin, 1968). 
€ McHugh, T., Zoologica, 43, 1 (1958). 
Frädrich, H.. Handbuch der Zoologie, 
8, 10, 16 (De Gruyter, Berlin, 1967). 
* Schaller, G. B., Natn. geogr, Mag., 135, 
494 (1969). | 

* Schaller, G. B., The Serengeti Lion. 
(University of Chicago Press, Chicago 
and London, 1972). 

© Schenkel, R., Am. Zool., 7, 319 (1967). 

1 Heptner, W. G., Nasimovitch, A. A. 

and Bannikov, A. G., Die Säugetiere 

der Sowjetunion., (Fischer-Verlag, Jena, 


1961). 

*? Ulrich, R. E., and Azrin, N. H., J. exp. 
Analysis Behav., $, 511 (1962). 

» Azrin, N. H., Hutchinson, R. R., and 
McLaughlin, R., J. exp. Analysis 

- Behav., 8, 171 (1965). 

The Behaviour of Ungulates and its 
Relation to Management (edit. by 
Geist, V.. and Walther, F.) (inter- 
national Union. for the Conservation 
of Nature, Morges, in the press). 

Linsdale, J. M., and Tomich, P. Q., 
Herd of Mule Deer (University of 
California Press, Berkeley and Los 
Angeles, 1953). 


a 


ix 


ng 


bn 
s 


Nature Vol. 250 July 26 1974 








book 








Physicist on the pyramids 


The Riddle of the: ramids. By Kurt 
Mendelssohn. Pp. as (Thames and 
Hudson, May 1974.) £3.50. 

Dr Kurr MENDELSSOHN, the noted 
cryogenist, has in this book turned his 
attention to the unrelated subject of 
Egyptology, in which he confesses an 
intense amateur interest, and in parti- 
cular to the riddle presented by the 
pyramids. Students of the subject may 
well heave a sigh at the addition of yet 
another title to the immense literature 
on Egyptian pyramids which has been 
written since the days of Herodotus. 
They may also view with misgiving the 
entry of a physicist into this unfamiliar 
field, bearing in mind the intervention 
of an earlier scientist, Piazzi Smith, the 
Astronomer Royal for Scotland, who 
in 1877 produced in his work Our 
Inheritance in the Great Pyramid a 
source of endless inspiration to the 
obscurantists who caper on the fringes 
of the subject. Such fears may im- 
mediately be set at rest: Dr Mendels- 
sohn has a unique contribution to 
make which deserves very careful con- 
sideration by the experts as well as 
the attention of the general reader to 
whom this book is primarily addressed. 

What the author sets out to do is 
to produce some rational explanation 
of why such an immense effort was 
made in raising the great stone pyra- 
mids of Egypt over four and a half 
thousand years ago. The usual explana- 
tion advanced by Egyptologists is that 
such edifices were the tombs of kings 
who were regarded as gods incarnate, 
and who according to the religious 
ideas of the age had to be buried in 
or under them to ensure the prosperous 
continuation of the divine government 
of Egypt. Dr Mendelessohn finds this 
an inadequate explanation. Some at 
least of the royal tombs of the Pyramid 
Age were cenotaphs and what he has 
to say about this aspect of the problem 
(pages 74-77) is well worth pondering. 
He admits that the pyramids served as 
royal mausolea, not necessarily tombs, 
but he considers that their funerary 
function was not the only purpose of 
their construction, or indeed even the 
main one. 

The point of departure of his en- 
quiry is a discussion of the construc- 
tional problems presented by the latge 
stone pyramids at Meidum, Dahshur 
and Giza. He has already formulated 
most of his ideas in recent papers in 
the scientific journals, but in this book 





he is able to expand them significantly. 
The step pyramid which raises its im- 
pressive tower above extensive mounds 
of debris on the desert verges at 
Meidum was evidently completed by 
Sneferu, the first king of the fourth 
Dynasty in about 2600 Bc, by adding a 
cladding of fine limestone, thus con- 
verting it to the first true pyramid in 
Egypt. All the archaeologists who have 
excavated this monument have agreed 
that the loss of the outer casing was 
due to the subsequent operation of 
stone thieves who used the pyramid as 
a quarry. Dr Mendelssohn will not ac- 
cept this finding and has produced im- 
pressive testimony to show that the 
Meidum pyramid collapsed during its 
final building because its structure had 
a number of inherent weaknesses. He 
draws a comparison with the Aberfan 
disaster; and certainly the aerial view 
of the pyramid given in his plate 23 
clearly shows the plastic flow of the 
ruined mantle around its nucleus. The 
shearing-off of this outer covering by 
such a catastrophe also explains satisfac- 
torily certain architectural features evi- 
dent in the remaining core and the 
extraordinarily high mounds of rubble 
at its base. There are few Egyptologists 
who will wish to challenge these argu- 
ments of Dr Mendelssohn, and pending 
any final discoveries that may be made 
by the complete excavation of the 
pyramid, we may regard his explana- 
tion as the most plausible that exists. 

The author then proceeds to discuss 
the effect of this disaster on the design 
of subsequent pyramids and tries to 
show that it was responsible for the 
abrupt change of angle in the Bent 
Pyramid at Dahshur and for the 
character of its mantle. He also argues 
that it promoted improvements in the 
design of the North Pyramid at 
Dahshur and the three giants at Giza. 
If his arguments be accepted, some re- 
vision of our views about pyramid 
building is required since it is clear 
that two or more great pyramids were 
being built at the same time during the 
reign of Sneferu at least, and the im- 
plications of all this form the second 
and more provocative and perhaps 
more interesting part of the book. 

In essence the author’s argument is 
that the. consecutive construction of 
pyramids, one during each reign, is an 
economic and organisational impos- 
sibility. Owing to their immense size 
the building of*pyramids on the scale 
undertaken in the Fouth Dynasty had 
become an activity in its own right 


demanding its own economic rules. It 
was the pyramid and not the pharaoh | 
that ruled Egypt; and new pyramids r 
had to be raised whether a- pharaoh 
was ready for burial or not: The erece 
tion by the genius of Imhotep: of the — 
first great stone building in Egypt, the 
Step Pyramid of King Djoser in about 
2680 Bc, began a movement. which _ 
escalated into a self-sustaining process 
that affected the seasonal employment _ 
of a vast army of workers whose com- 
munal feeding, clothing and upkeep Es 
for several months during ea | 
must have completely revo 
the pattern of life for the whol 
try. A central administration be a 
responsible for the livelihood of a. gre: as 
proportion of the rural and artisan 
population in place of local councils 
and village elders. In short, the- 
mense communal activity of building 
the pyramids created the — cohesive 
Egyptian state with its cohorts of civi 
servants, and could not be abandoned — 
though it was subsequently modified. 
This brief analysis may not do- full ae 
justice to the author’s thesis which is — 
persuasively argued with analogies to. 
the later Mexican pyramids and 
modern state enterprises. Of course not 
all the interpretations will command — 
the approval of Egyptologists who form — 
a notoriously sceptical body of opinion; — 
nevertheless we should be grateful to > 
Dr Mendelssohn for obliging us to re- | 
think the received view of the Pyramid 
Age. One of his readers, at least, will 
be unable to look again at the monu- 
ments of Meidum, Dahshur, Sakkarah — 3 
and Giza in quite the same old way. | 
CYRIL ALDRED 


Making electricity 


Thermionic Energy Conversion. Vol. ee 
Processes and Devices. By G. N. Hat- 
sopoulos and E. P. Gyftopoulos. Pp: 
xi+265. (MIT: Cambridge, Mass. and ~ 
London, 1973.) $17.95; £9.00. 


THe increasing interest in alternate 
energy systems makes the appearance 
of this book apposite, unfortunately 
like The Times it is wise after the 
event. The method of converting heat 
to electrical energy described requires 
thermal sink temperatures high by 
comparison to room temperature thus _ 
making the method suitable in principle | 
for space use. The buildup of the US 
space programme thus corresponde to a 
a time of intense activity in this f i 
the rundown of space activity ha 
to the demise of thermionic enerey 
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Grassland Ecology 
and Wildlife 
Management 


E, DUFFEY, M. G. MORRIS, J. SHEAIL. 
L. K. WARD, D. A, WELLS and T. C. E, 
WELLS 


July 1974: @ 412 12290 1: 304 pages: 
tone and line illustrations: hardback: 
£5.40 


This book describes the distribution and 
ecology of lowland grasslands in 
Britain with special reference to their 
flora and fauna, history, and manage- 
ment for wildlife conservation. The 
maintenance and manipulation of grass- 
lands for agricultural, scientific, con- 
servation and recreational purposes 
requires an extensive knowledge of the 


l = responses of plants and animals to 
$ different treatments and disturbance 











factors. The book examines these in 
relation to the range of variation in 
lowland grassland ecosystems and to 


_ the known land-use history. 


| OUTLINE STUDIES 





IN BIOLOGY 


The individual books in the Qutline 
Studies in Biology Series present 
succinct, authoritative and up-to-date 
introductions to their subject. They 
supplement and extend main course 


$ texts, and because each book deals with 


only one tepic the series offers the 
advantage of great flexibility of use. 


Outine Sushes in Beology 


Brain 
Biochemistry 


HS Bacheward 





Brain Biochemistry 


H. $. BACHELARD 


_ duly 1974: 0 412 12760 1: 72 pages: 


illustrated : paperback: 95p 


| Immunochemistry 






M. W. STEWARD 


July 1974: 0 412 12450 5: 64 pages: 
illustrated: paperback: 95p 


Further details of these and related 


titles, together with a list of stockists, ef 


are available from the publishers on 
request. 








à conversion. It is therefore difficult to 
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see for whom this book was written; 
without device requirements it will be 
of little use to the engineer; it will in- 
furiate the physicist. 

Volume | is intended to summarise 
the field and present ideas which will 
not be changed by subsequent develop- 
ments. Unfortunately the analogues 
and the presentation of physical prin- 
ciples do not bring out the excitement 
of understanding and therefore make 
it worth undergraduate study; the con- 
tinued reliance on the statement “a 
more detailed presentation appears in 
volume 2” means that the physicist 


without volume 2 will give up in 
disgust. 
The four chapters of this book 


present an introduction to thermionic 
converters, an analysis of ideal perfor- 
mance, a description of vacuum con- 
verters and finally a chapter on vapour 
filled thermionic converters. In what is 
clearly intended to be a definitive book 
the brevity of the historical review in 
chapter | is surprising, but most of the 
various types of converter prior to 
1966 are well illustrated. The book has, 
however, clearly been some time in pre- 
paration and converters developed after 
1966 are not mentioned. The book is 
lavishly illustrated, so that the relevant 
text is often several pages away: it is, 
however, reasonably indexed, gives a 
large number of references and con- 
tains a useful set of tables and curves. 
The latter when used in conjunction 
with the step-by-step instructions given 
in chapters 3 and 4 give reasonable 
approximations to observed device 
characteristics and thus form one of 
the most useful parts of this volume. 
In view of the coherence of presen- 
tation suggested by the authors for the 
comovlete book, it is perhaps unfair to 
iudge this volume in isolation; however 
without volume 2 it does not seem 
worth £9.00. A. W. PENN 


Antibody diversity 


The Variation and Adaptive Expres- 
sion of Antibodies. By George P. 
Smith. Pp. xii+219. (Harvard Univer- 
sity: Cambridge, 1973.) $12. 


THE comparative analysis of amino 
acid sequences of immunoglobulins has 
been a major preoccupation of im- 
munologists and molecular biologists 
for a number of years. The mass of 
data and the conclusions drawn from 
this have had a fundamental influence 
on present ideas on the genetic bases 
of antibody diversity and the evolution 
of protein siructure. This book presents 
an exhaustive computer analysis of the 
data available to the author at the time, 
in an attempt to define evolutionary re- 
lationships. 

The book starts with a short survey 
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of fundamental concepts, intended for 
readers who are unfamiliar with im- 
munology, and goes on to present 
tables of all the amino acid sequences 
that are the subject of subsequent analy- 
sis. Unfortunately, since the tables were 
completed a very considerable amount 
of important data has been published. 
In this respect the book is already out 
of date and does not include an inter- 
esting variety of sequences of human, 
mouse or rabbit x chains. The analysis 
of heavy chains fares worst as the book 
does not adequately cover human 4#, 
a and e chains or mouse y chains. 

A very useful chapter is then devoted 
to the procedures used for the recon- 
struction of protein evolution. This 
provides the reader with a good intro- 
duction to the intricacies of the com- 
puter programs used. This is followed 
by an elaborate study of the evolution 
of C regions. The analysis, although 
merely confirming accepted ideas, does 
provide a very balanced view on the 
reliability of the proposed evolutionary 
patterns. 

The following two chapters are de- 
voted to an exposition of different 
theories on the origin of antibody 
diversity and the contrast between the 
expectations of each theory and the 
evolutionary patterns derived from the 
data. The exvosition of the theoretical 
expectations is clear and detailed. The 
arguments in favour of the germ line 
theories are presented at their best. This 
is not the case in the presentation of 
the opposed arguments. (For instance, 
the critical discussion on linked parallel 
mutations (page 103) is only marginally 
touched on and does not include the 
possible requirements of tertiary struc- 
ture.) This is to be expected since the 
author presents himself as a convinced 
germ liner. 

Three appendices cover references 
for all the proteins listed, a discussion 
on allotypes and on ribosomal RNA 
genes as a model of multigene evolu- 
tion. 

Altogether this is a very readable 
book which transmits the intellectual 
excitement of the intricacies of the sig- 
nificance of every possible evolutionary 
clue. But the problem of antibody 
diversity is no longer the exclusive 
domain of protein chemists and the 
impact of the book is likely to be 
affected by the success of other 
approaches. Such new avenues are not 
properly presented. I was particularly 
struck by the author’s remarks on 
DNA-RNA hybridisation (page 112): 
“Conclusive results from this type of 
exveriment depend on the purification 
of immunoglobulin mRNA ... a diffi- 
gult technical feat”. Alas, such a “tech- 
nical feat” was being performed in 
several laboratories and in fact relevant 
papers were published at the same time 
as this book. C. MILSTEIN 
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Change in New Guinea 


The Chimbu: A Study in the New 
Guinea Highlands. By Paula Brown. 
Pp. ix+151. (international Library of 
Anthropology.) (Routledge and Kegan 
Paul: London, July 1973.) £3.25. 


Dr Brown has, during a period of 15 
years, observed the effects of social 
change in the population of the New 
Guinea Highlands, This group of 
people was first discovered by an 
Australian prospecting expedition in 
1933 and many observations were made 
by administration officials, missionaries 
and an occasional anthropologist. These 
records were available to Dr Brown 
and with her own observations from 
1958 onwards, she has been able to 
make a careful study of the effects of 
social changes. There is probably no 
other country in the world where it has 
been possible to observe profound 
changes which have occurred over a 
relatively short time. New Guinea has 
consequently become a haven for an- 
thropologists but Dr Brown has made 
one of the most complete studies. 

The Chimbu are usually regarded as 
among the most intelligent and ener- 
getic people in New Guinea and as Dr 
Brown describes, after an initial tur- 
bulent period, they seem to be adopting 
European culture with apparent enthu- 
siasm. The introduction of medical 
services in recent years has reduced the 
infant mortality and this, in turn, has 
caused overpopulation. A few years ago 
the severe disease kwashiokor, due to 
under-nutrition, was prevalent amongst 
Chimbu infants but this no longer 
occurs. Local government councils, the 
introduction of the internal combustion 
engine for transport and for agricultural 
purposes, the provision of schools, trad- 
ing stores, cash crops, missions, Euro- 
pean dress, roads, the development of 
law enforcement and political debating 
are all part of the new European 
culture. It is a fascinating story related 
accurately and entertainingly by Dr 
Brown. 

The 19 chapters of the book are 
clearly divisible into three parts. The 
first describes the historic features of 
the life of the Chimbu people, the 
second is concerned with the dynamics 
of tribal life and the third describes 
many of the effects of change. 

A biologist perhaps might be par- 
doned if he regrets that the biological 
changes, especially those affecting the 
growth and development and general 
health standards of infants and children 
in the area, were not studied at the 
same time as the social changes. It, is 
- known that such changes have occurred 
-and their correlation with the cultural 
wand social study of Dr Brown would 
have been interesting. An adjacent area 


was the scene of the recent study dur- 
ing the International Biological Pro- 
gramme. Regrettably the latter did not 
include a study of the effects of social 
change such as that undertaken by Dr 
Brown in Chimbu. The problems of 
communication between different groups 
of research workers are often as great 
in New Guinea as in the more advanced 
countries, and opportunities are lost. 
R. J. WALSH 


Soviet geology 


Geology of the U.S.S.R. By D. V. 
Nalivkin. Translated from the Russian 
by N. Rast. Edited by N. Rast and 
T. S. Westoll. Pp. xviii +855. (Oliver 
and Boyd (Longman): Edinburgh, 
November 1973.) £25. 


APART from a very slim volume, pub- 
lished in translation in 1960, this is the 
first and only comprehensive work on 
the geology of the Soviet Union in 
English and so, whatever its quality, 
855 pages of close type must be taken 
very seriously. But in relation to the 
immense geoscientific output from the 
Soviet Union, with so many multi- 
volume series on systematic aspects of 
Soviet geology, this work also is pos- 
sibly unique in covering so large a 
field within a single volume. 

It suffers a little from age. The in- 
terval between 1962 when published in 
the Soviet Union and late 1972 leaves 
a time of very great progress in Soviet 
geology unrecorded. But the value of 
the work to the English reader is to 
set the whole range of Soviet geology 
in perspective in a single framework, 
which in broad outline at least is hardly 
affected by recent work. So this volume 
serves as an introduction for western 
geologists as well as Soviet students to 
that vast territory. 

The scheme of the book is distinc- 
tive. and as in so many general works 
in Russian science there is a rather ex- 
plicit vhilosovohy. reflecting scientific 
as well as political fashion (more than 
ten years old). In this case the philo- 
soohy is made to work throughout the 
volume. In short it is that geological 
history can best be understood in terms 
of geosynclinal development taken in 
a somewhat comprehensive, genetic and 
extensive way so as to include many 
aspects of tectonics including orogeny. 

In consequence the book is classified 
thus: part 1, introduction; part 2, Pre- 
cambrian geosynclines (Russian plat- 
form; Siberian platform; Western 
Siberian lowlands); part 3, Palaeozoic 
geosynclines (Uralian  geosynclines; 
Western Artic geosynclines; Argara 
geosynclines; Middle Asiatic geosyn- 
clines), and part 4, Meso-Cainozoic 
geosynclines (Mediterranian geosyn- 
clines; Pacific Ocean  geosynclines). 


















There is indeed considerable a 
paid to these controlling concept 
in the introduction with its histo 
review of Russian geology and a 
ment of such principles, as well a 
the translator's introduction. This t 
ment is indeed quite effective bec 
geosynclines are strata, and the book 
adopts a thorough and explicit strati- 
graphical approach to tectonics, mag- _ 
matism, and useful minerals in each _ 
chapter. This coherence is: its strength — 
in that a great amount of detail is — 
well organised; it is also well telorenced 
and well indexed. E 
Because such a unified approac a 
with increasing knowledge and sf 
sation in the Soviet Union, Jikel 
become less and less possible, this \ 
will probably stand without 
tion as one of the classic 
descriptions, in the line- 
Geologie der Schweiz, David’ 
of Australia, and the recent 
author Geological Survey w 
Canada. Indeed national pri 
nessed in this way is most welec 
Professor Rast is an experienced 
slator and the work reads W 
English. The many photographic 
trations give a sample of vari 
conditions in that vast territory 
towards the student populat 
to explore it. There are a n 
attractive sections but as wit 
Russian works the maps leave | 
the imagination. The work | is. 
spersed with innumerable fo 
correlation charts from which ar 
at a glance, both the regional varia 
and the contemporary Soviet Ack 
stratigraphic classification. =~ 
W. B. i 







































Genetics practical 
Practical Genetics. Edited b 
Sheppard. Pp. xH +337. 
Scientific: Oxford and Londoni 
£8.50. ee 
First experiences of practical classes 
in biology are usually traumatic but — 
rewarding for students and teachers 
alike, for what they observe for them- 
selves often differs from what they 
were led to expect by plausible lec- _ 
turers and the pedantry of- textbook : 
figures. This is particularly so in | 
genetics practicals where the main — 
technique of crossing and progeny 
analysis rarely provides the same good- 
ness of fit to expectation which blessed 
Mendel’s results. A working knowledge 
of statistics goes hand in hand with - 
practical work in genetics and this, Eee 
coupled with problems of obtaining oe 
suitable material, has given rise to the — 
misleading impression that suc Eri 
practicals are too difficult to organise 
Anyone concerned with. T 
genetics at levels between. lower ix k i 



















An introduction to Linear 
Electric Circuits 

L V Kite 

This book, with its interesting 
and unorthodox approach, 
develops the subject of linear 
electric circuits from first 
principles as a self-contained 
discipline, It requires only the 
most elementary knowledge of 
calculus. In the chapters 
involving alternating currents the 
reader will, however, require a 
working knowledge of complex 
algebra and the complex 
exponent. £3.95 net 


Geometrical and Physical Optics 
Third Edition 

AS Longhurst 

This well-established text covers 
the whole field of modern 
classical geometrical and physical 
optics and gives a comprehensive 
and up-to-date account of the 
subject. The thorough revision 
undertaken for this third edition 
ensures that Geometrical and 
Physical Optics retains its value 
as an undergraduate text and as a 
general work of reference in the 
subject. £3.50 net 


The Geography of the 

Flowering Plants 

Fourth Edition 

Ronald Good 

The fourth edition of Professor 
Good’s well-established book is a 
major revision made in the light 
of man’s recent increased under- 
standing of the geographical 
position of the flowering plants. 
The most far reaching of these 
developments in the study of 
plant geography is the acceptance 
of what has long been called the 
theory of continental movement. 
This theory has now become one 
of the basic principles of 
geophysics and is adequately 
covered in this highly 


authoritative text. £9.00 net 
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and the final year of degree courses 
will be grateful to Professor Sheppard 
and the other contributors for produc- 
ing this excellent hybrid between text 
book and practical manual. The seven 
chapters include full descriptions of 
the techniques of cytogenetics and the 
culture methods for a wide range of 
organisms with detailed practical 
guides to exercises in basic genetics 
using Drosophila, fungi, bacteria and 
bacteriophage. Other chapters outline 
exercises in population, ecological and 
quantitative genetics and provide 
clearer accounts of biometrical genetics 
and elementary statistics than are 
found in most textbooks. Perhaps the 
chapter of most general value ts the 
one concerned with higher organisms 
where a mine of information on the 
use and availability of teaching mat- 
erial emphasises that practicals in 
genetics need not be restricted to the 
few organisms commonly used in re- 
search. 

Some of the suggested exercises can 
each be carried out by individuals in a 
single practical session, whereas others 
require the cooperative efforts of a 
number of students over a full term. 
All of the authors have provided a 
useful list of altruistic university de- 
partments and commercial suppliers 
that can provide suitable materials. 

The editing is lenient, allowing some 
useful repetition, but the legend to 
plate 4.7 underlines the role of practi- 
cals in encouraging students in critical 
observation: those who follow the in- 
structions and prepare slides of meio- 
sis in locust species, might question 
whether the plate depicts diakinesis 
in Schistocerca gregaria or diplotene in 
some other species. JOHN GIBSON 


Protein in stereo 


Atlas of Molecular Structures in Bio- 
logy. 1, Ribonuclease-S. Prepared by 
F. M. Richards and H. W. Wyckoff: 
edited by D. C. Phillips and F. M. 
Richards: figured by J. L. Mouning 
and J. W. Schilling. Pp ix +75. (Claren- 
don: Oxford; Oxford University; Lon- 
don, 1973.) £3.50. 


PRESENTING the structure of a protein 
molecule is perhaps as immense a 
problem as solving the structure. In 
this volume on ribonuclease-S the 
editors and authors present a workable 
format for this task. It is the intention 
of the series to present structure unen- 
cumbered by interpretation. A short 
description of what the enzyme does, 
giving appropriate references to more 
detailed reviews and primary source 
material, starts the pleasanily brief text. 
After all, it is the pictures which are 
important in this book. Following is a 
series of tables and figures giving such 
items as physical properties, amino acid 
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sequences, Cartesian coordinates, hy- 
drogen and ionic bonds, and various 
contact and angular properties of the 
chain. Some of the measured coordi- 
nates and angles are presented in 
several different forms, thus eliminat- 
ing some conversion by the reader and 
making the work more usable. 

The heart of the volume is the com- 
puter-generated drawings of the mole- 
cule. Forty-three red-green stereo 
drawings depict the main chain and all 
non-hydrogen side chain atoms from 
three mutually perpendicular directions. 
Four of these are specially devoted to 
the environment around the UpcA in- 
hibitor complex. Many of the others 
are taken in ordered slices through the 
molecule. The publishers did an excel- 
lent job in the alignment of the stereo 
pairs but there was a slight shadow 
effect caused by an incorrect match of 
the green ink with the green filter in 
the stereo glasses provided. This effect 
became more pronounced as one 
moved closer to the diagram to read 
the small residue labels. From normal 
viewing distance the three-dimensional 
effect was quite good. 

The last section contains the electron 
density maps for the apo-protein, This 
section should give the. non-crystallo- 
grapher the opportunity to see how a 
complete electron density map looks. 
The eleciron density of each section of 
the map is printed in green, and super- 
imposed on it are all the atoms involved 
in that section with their Van der Waals 
radii drawn in red. By closing one eye 
and using the stereo glasses, one can 
see either the map or model. This 
section is excellent in its concept and 
execution. Unfortunately there is no 
index as to which sections on the map 
a residue will appear in, so the co- 
ordinate list must be used. 

In general, the volume provides an 
excellent source for the structure of 
ribonuclease-S. Distances between resi- 
dues of interest can easily be calcu- 
lated from the coordinate lists and en- 
vironment relationships can be found 
by consulting the many stereo diagrams. 
The major fault of the series is not 
in this volume, but perhaps in future 
volumes. Ribonuclease-S is approxi- 
mately one-fifteenth the size of the 
larger multi-component proteins now 
being studied. The inclusion of the 
necessary diagrams to fully depict the 
subunit structure and the important 
subunit-interactions of one of these 
large proteins would not only make the 
volumes larger, but more expensive to 
produce and to purchase. Unfortun- 
ately, there seems to be no simple solu- 
ton to the problem of disseminating 
all the structural information of a 
molecule as large as a protein, and this 
volume presents a good compromise 
solution. STEVEN J. STEINDEL 
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Muscle and silk 


Conformation in Fibrous Proteins and 
Related Synthetic Polypeptides. By 
R. D. B. Fraser and T. P. MacRae. 
Pp. xviii +628. (Molecular Biology: An 
International Series of Monographs and 
Textbooks.) (Academic: New York and 
London, December 1973.) $45; £19.50. 


Tue fibrous proteins form an import- 
ant class among the complex struc- 
tures found in living organisms, and 
the investigation of their structure 
poses special problems because they 
cannot, in general, be obtained in the 
form of single crystals suitable for 
X-ray investigation. The first part of 
this book describes the major tech- 
niques in current use and their applica- 
tion to the problems. They include 
X-ray, electron and optical diffraction, 
electron microscopy, infrared spectro- 
scopy (using polarised radiation) and 
the important if less direct techniques 
based on the use of known atomic 
dimensions and interaction energies 
which may be described as model 
building. There is also a chapter on 
methods for obtaining the optimum 
structure and another on several tech- 
niques of more limited application. 

The second part describes in consid- 
erable detail the several well-character- 
ised conformations found in synthetic 
polypeptides (e-helix, -conformation 
and so on) which have been basic to an 
understanding of the structure of fib- 
rous proteins, and there are separate 
chapters on the silks (of which many 
kinds are known), collagens, muscle 
proteins and the keratins. There is a 
chapter on fibrin, fibrinogen, flagellin, 
elastin and resilin. 

The writing is lucid and critical. The 


many line diagrams are excellent and 


there is a good selection of half-tone 
reproductions, chiefly of diffraction 
patterns and electron micrographs. The 
list of references is very comprehensive 
and it is evident that care has been 
taken with the indexes. The authors 
(who have made major contributions 


to our understanding of fibrous protein 


structure) are to be congratulated on 
the publication of such a thorough and 
useful work. . 

A. ELLIOTT 


Drifting in the Pacific 


The Settlement of Polynesia: A Com- 
puter Simulation. By M. Levison, R. 
Gerard Ward and J. W. Webb. Pp. 
vit+137. (University of Minnesota 
Press: Minneapolis, 1973.) £5.50. 


THE question of how the scattered 
~ islands of Polynesia were settled during 








. 2,000-year period ending about a 


thousand years ago has been a per- 


lexing one for European colonisers 


whose own methods of navigation 
only allowed them to arrive there 
less than 300 years ago. One rather 
loud voice in the debate in recent 
times has been that of Andrew Sharp. 
He simply applied to the problem 
his hard-headed common sense, Oc- 
cam’s razor, and a due cynicism about 
far-fetched or fantastical tales of in- 
trepid ancient Polynesian seamen with 
sophisticated navigational skills. After 
all, Polynesians were both illiterate 
and living in the Stone Age. Sharp's 
thesis is that island discovery took 
place by unnavigated one-way voyages 
either of exile, or accidental drift, and 
that there is no reason to suppose that 
deliberately navigated journeys of ex- 
ploration or long voyages with return 
to the starting place occurred. In the 
preface to his 1964 book, Sharp states, 
“It is six years since my previous 
book . During those years I have 
gathered upwards of a hundred pub- 
lished notices . . . and have been in- 
volved in 2,191 oral discussions of the 
book’s themes. I have yet to hear of 
a fact or read an argument which 
impugns the basic contentions of the 
former book”. The -present book by 
Levison, Ward and Webb, contains 
both facts and arguments which do 
impugn Sharp’s contentions. 

What Levison, Ward and Webb have 
done is to take the recorded data of 
frequencies of different winds and cur- 
rents throughout the Pacific, and simu- 
late by computer one-way drift voy- 
ages from a variety of starting points. 

All the assumptions of the simula- 
tion seem remarkably sensible. On 
each day a particular wind and a 
current direction are chosen randomly 
from the available recorded frequen- 
cies of winds and currents for the 
particular month in the particular 
5°x5° (approximately 300 nautical 
mile) square, and the vessel is moved 
an appropriate distance and directicn. 
A craft makes a landfall if its passes 
within 10 miles of a low island or 
20 miles of higher ones. There ts a 
sigmoid curve of increasing tendency 
of a voyage to end due to factors like 
death of the crew (50% of voyages 
terminate in this way by 10 weeks). 
But there is also a 0.5 probability of 
foundering if a gale of force 9 or 
above occurs. 

The authors have simulated more 
than 100,000 drift voyages, and 8,000 
deliberately guided ones. The drift 
voyages included a main series of 
46,000 from 61 starting points starting 
every day of the year, 11,000 under 
shifts of climatic conditions of the 
kind that might have occurred in the 


last 2,000 years or so, 32.000 starting 


from specially advantageous points at 
specific months, of the year, and 10,000 
in reverse from destinations towards 
possible starting points. 















Their conclusion was that di ifti 
produced a zero probability of re: 
either Hawaii or Easter Island T 
any inhabited -part of Polynesia, a 
less than 0.19 nee of teachi 
New Zealand. Thus drifting al 
not seem to be 
the colonisation. 
they also show that 
never have reached. ] 
anywhere else in Polynesia unless it 
had been very deliberately steer ert red 
westward (which it was). Indeed, in | 
simulated voyages with an attempt t n 
hold a particular course, and witha 
limitation of only being able to lay 
as close as 90° to the wind, the chances 
of reaching the outlying parts of Go : 
nesia become quite. reasonable. - Bae 

Levison et al. are. judicious € 
subject of relevant archaeolc 
and the various theories t 
put forward. They also are : 
about the technical part of t 
lation. Both a complete listing 
ALGOL program and a lars 
tion of their results in the fi 
maps of scattered destinations | 
ages from particular starting places. 
pear in appendices which occupy i 
half the book. But the non-tech 
should not be deterred. T 
though detailed is well written. 
whole is a substantial contri 
Put together with the recent 
tions by Gladwin and Let 
sophisticated navigational te 
still practiced in the Caroline ` 
this work finally disposes of tl 
that Polynesians were savages wh 
happened to have been blown to 
dental discovery of the vast. reach 
the Pacific which they came to in 

KEITH OATLE 














































Kilmister. Pp.ix + 365, (Commony ee 
and International Library: “Selected ee 
Readings in Physics.) (Pergamon: a 
Oxford and New York, . „November 
1973.) £3.50 boards; £2 paper. - EE 


ACCORDING to the publisher's # note on 
the back cover, this book meets “the 
increasing need for an undergraduate a 
text on the general theory of rela- 
tivity”. It will be an unusual under- 
graduate who absorbs more than a 
portion of it but there is a need for 
a textbook for all students with ambi- 
tions to research into relativity, cosmo- 
logy and astrophysics (and pure dif- 
ferential geometry). This should ideally 
not only present the facts about rela- 
tivity they need, but also assist h 








lectures to the scientific litet 
This book is important 
has both these aims. Befor 





to carp at unimportant idiosyncracies 
I should say that it is wholly recom- 
mended to such students because it 
largely fulfills them. The first hundred 
pages contain the author’s exposition 
of the principle of equivalence, of 
Einstein’s theory and of more recent 
developments. The rest of the book 
consists of eleven reprinted papers. 

The author’s account of the motiva- 
tion for the theory is largely from the 
equivalence principle. Mach’s principle 
is dealt with summarily; Einstein is 
said (page 12) to have hoped that his 
theory would incorporate it but the 
grounds for this hope are not made 
clear. Eddington’s demonstration that 
relativity diminishes the number of 
constraints that “laws of nature” im- 
pose on the world is scarcely men- 
tioned though for many students it 
is the most stimulating feature of the 
elementary part of the theory. Cosmo- 
logy is dealt with quite briefly; the 
Robertson—~Walker models are not 
derived and the book is not advanced 
enough for global properties or singu- 
larity theorems. Gravitational radiation 
is taken no further than the classic 
1962 paper of Bondi, Burg and 
Metzner which is reprinted with ex- 
planation in the text; and the spinor 
calculus no further than Penrose’s 1960 
paper reprinted without. 

The book is therefore not quite an 
introduction to current research, but 
an advanced textbook, and a very good 
one. 

P. E. ROE 


Teaching mathematics 


Developments in Mathematical Educa- 
tion. Edited by A. G. Howson. Pp. ix+ 
318. Proceedings of the Second Inter- 
national Congress on Mathematical 
Education, Exeter, UK, August 1972.) 
(Cambridge University: London, 1973.) 
£4.80; $14.50. 


Tue conference reported by this book 
consisted of thirty-eight working 
groups which dealt with the subject, 
on a broad basis, from kindergarten 
to the university.” 

The report appears in three parts. 
The first consists of a survey of the 
congress and covers a wide range of 
topics, including the psychology of 
mathematics learning; mathematics and 
language; mathematics at primary and 
secondary level and its link with other 
subjects, applications, history and 
assessment of mathematics; professional 
training of teachers and the use of 
teaching aids; and mathematics in de- 
veloping countries. ~ 

The second part of the report con- 
sists of invited papers whose authors 
include G. Pélya, J. Piaget and Sir 
James Lighthill. There is also a paper 
by S. L. Sobolev on “Some Questions 


of Mathematical Education in the 
U.S.S.R”. The third part consists of a 
selection of congress papers. These 
cover problem solving; intuition, struc- 
ture and heuristic methods; geometry 
as a gateway to mathematics; and the 
work of Piaget in the training of stu- 
dents to teach primary mathematics. 

My impression of the present state 
mathematical education is that too 
much is going on at the same time on 
too many fronts. Confusion is evident 
in the clash of differing philosophies, 
and it will probably be a matter of 
decades before a settled place is found 
for mathematics as a field of human 
endeavour. There seems to be far too 
much experiment, much of which is 
badly planned, or, worse still, intro- 
duced on impulse. But mathematical 
concepts, as a way of thinking, are 
recognised as being of greater import- 
ance than in any past period of history. 
Mathematics is no longer a matter only 
of number and numeracy. Structure, 
including concepts and their relation- 
ships, is now consciously identified as 
a fundamental aspect of human think- 
ing. One. of the main problems of 
mathematical education in the coming 
years will be to determine the place of 
structure in the thinking and behaviour 
of the mass of mankind. 

L. S. GODDARD 


Air and ocean 


The Physics of Air-Sea Interaction. 
By S. A. Kitaigorodskii. Translated 
from the Russian. Pp.v+237. (Israel 
Program for Scientific Translations: 
Jerusalem, 1973.) n.p. 


Tuts book will undoubtedly become an 
essential work for the ever increasing 
circle of physicists, meteorologists and 
oceanographers for whom the inter- 
action of the air with sea has become 
an important problem. Although there 
are omissions it will provide an up-to- 
date text upon which to build some of 
the newest theories of air-sea inter- 
action. 

The book is written in three parts. 
The first part, “Dynamics of the Marine 
Surface Mixing Layer of the Atmos- 
phere”, is devoted to the physics of the 
layer of the atmosphere immediately 
adjacent to the water surface. From the 
starting point of the Monin-Obukhov 
form for the generalisation of a log- 
arithmic boundary layer to a tempera- 
ture-stratified medium, the author 
examines the usual turbulent fluxes of 
momentum, heat and water vapour 
before continuing with a study of the 
aerodynamic drag of the sea surface 
and its relation to the characteristics of 
the turbulent atmosphere and of wind- 
generated waves. Sevéral chapters are 
devoted to the analysis of results from 
field measurements of atmospheric 
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turbulence over waves in the Mediter- 
ranean and show some of the procedures 
used for evaluating the results from this 
complex problem. The last chapter in 
part 1 is concerned with the possible 
influence of high humidity on the 
vertical density statification over oceans 
and collates and analyses data from 
many sources on gradient measure- 
ments and standard seaborne observa- 
tions. 

Part 2, “Wind Waves in Deep Sea” 
is a description of some fairly general 
similarity hypotheses concerning wind 
waves, and of tests of these on experi- 
mental data. The author attempts to 
reduce the complexity of the problem 
by obtaining some universal dimension- 
less parameters to describe the relation- 
ship between the turbulent wind and 
the spectrum of the wind waves. The 
approach and content is very different 
to that found in Kinsman’s Wind Waves 
and these two texts complement each 
other well. Again there is much use 
made of experimental data with prom- 
inence given to the Soviet Mediterranean 
expeditions in 1965. Particularly inter- 
esting are the results from a wide-band 
string wave recorder used to obtain 
extensive measurements of open-sea 
wave characteristics in the high fre- 
quency region (up to 7.5 Hz). No men- 
tion is made, other than a statement 
confirming its omission, of the non- 
linear interaction between components 
in the wave spectrum. 

In the third part, “Dynamics of 
Vertical Mixing Processes in the Upper 
Ocean”, the author turns from his ex- 
tensive use of experimental data and 
considers some of the many physical 
hypotheses underlying the character- 
istics of sea turbulence and the ways in 
which they effect the vertical mixing 
processes. Several models are used to 
make predictions about the energy 
balance of dynamic small scale turbu- 
lence in the wind mixing layer. The 
final chapter considers the seasonal 
variations in the active layer of the 
ocean. It seems a little out of place in 
a book concerned mainly with the 
physics of small scale interactions. 
Perhaps the author is right at this point 
to expand the field of view and to 
introduce some long term variations. 

The text is also valuable for the 
attention it pays to some of the less 
well known expedition results of the 
Institutes of Atmospheric Physics and 
Oceanology of the Academy of Sciences 
of the Soviet Union and for the com- 
parisons made between these data and 
those of the more usually quoted 
sources. Overall, an excellent book; my 
anly criticisms are the minute size of 
type used for the equations and the 
confusing choice of symbols on a few 


diagrams. 
C. E. VINCENT 
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science on television 
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Human face of 
Watson and Crick 


by Peter Newmark 


Back in the balmy days of the early 
1950s, before the national press was 
heavy with doom and the scientific 
press with molecular biology, small 
groups of scientists in London, Cam- 
bridge and California were working 
away on the academic problem of the 
structure of DNA. And then it hap- 
pened. The day after Mr Churchill 
became Sir Winston, Francis Crick and 
James Watson published their proposed 
structure for DNA in these pages and 
“The Race for the Double Helix” was 
over. The Horizon programme of that 
title dealt with the last few months 
leading up to this discovery. 

Treading much the same ground as, 
and in a similar vein to, Watson’s book 
The Double Helix, the programme dealt 
with the people involved much more 
than with the science. Indeed the only 
real bit of experimentation shown, 
R. G. Gosling trying to stretch a DNA 
fibre, failed (intentionally?) in front of 
the camera. What was shown, and very 
successfully, was the way in which the 
course of the race was affected by the 
personalities involved. 

The story was narrated by Sir 
Michael Swann and divided into seg- 
ments each introduced, silent movie 
style, with a still caption——such as “The 
Race Is On”. But anyone expecting 
matching melodrama, villains and chiv- 
alrous heroes would have been disap- 
pointed. The characters were no larger 
or better behaved than life. There were 
Maurice Wilkins and his group studi- 
ously improving their X-ray data and 
moving towards the answer, Linus 
Pauling applying his expertise to other 
X-ray photographs and Watson and 
Crick building models ad infinitum. 

All these people and more appeared 
to tell their tale. Of the main characters 
only Rosalind Franklin is no longer 
alive. It was her involvement that pro- 
vided the most human touch to the 
whole story. Employed by Wilkins for 
her knowledge of crystallography, it 
soon became evident that the two were 
incompatible. This, or so it was related 
in the programme, resulted in a degree 
of isolation for Franklin that probably 
cost her the first place in the race. Nor 
were relations between her and Watson 
much better. He needed her data but 


guinea pig, 


could offer little in return. Meetings 
were tense and even degenerated to 
fisticuffs on one occasion. Pauling was 
equally human. Although expecting to 
discover a qouble helix, he made a 
crucial misinterpretation of some data 
and opted for a triple helix. His son 
passed a pre-publication copy of the 
paper describing this to Watson and 
Crick. Their disbelief in the proposed 
structure acted as a spur for their own 
activities. 

From their own account, surely a bit 
exaggerated by the passing of years, 
theirs was casual labour. Between coffee 
and tennis, Watson would play with 
bits of cardboard whilst Crick, trying 
to complete a mature doctoral thesis, 
would occasionally add a word of ad- 
vice. Whatever the truth, and Watson 
did at one stage admit to working hard, 
the base pairing was realised and the 
full structure immediately followed. 

Crick has recently written that in 
their classic paper “the structure is pro- 
duced like a rabbit out of a hat, with 
no indication as to how we arrived at 
it.” The nice thing about the pro- 
gramme was that it did show how, and 
in human, rather than scientific, terms. 
It was an excellent exercise in demon- 
strating the foibles and failings of 
scientists and acted as a splendid coun- 
terbalance to the reverent attitudes to 
which even Horizon is often prone. 
Nevertheless it was made quite clear 
that some three months before Mount 
Everest was first climbed, a scientific 
discovery of equal magnitude had been 
achieved. 


The Valley of 
Paradise 


by Allan Piper 


Like Liverpool versus Leeds, and Royal 
Weddings, Vilcabamba—the “Valley of 
Paradise’’-—and its extraordinary in- 
habitants might have been made for 
television. In a beautiful, sun-filled 
bowl, 6,000 feet up in the Ecuadorian 
Andes, a community of gentle peasants 
farm the fertile land. Amazingly, in 
spite of a daily consumption of 40 cig- 
arettes, four cups of locally distilled, 
110° proof rum, and the occasional 
many of these strange people 
live to ages of more than 120 yr. And as 
if that were not enough to ensure a 
captive audience, there is a hint that 
it could be attributable to a healthy 
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sex life. But disappointingly, and un- 
characteristically, Granada’s “World in 
Action” team never quite made the best 
of what was bound to be a good docu- 
mentary. 

Arriving just ahead of the new road 
through the mountains, and the {neye 
itable tourists, the camera crews have 
been beaten to Vilcabamba only by the. ao 
scientists. e 

Many of their theories are predictable: eo 
“The air is so pure” and so on, Other 
theories are more unorthodox: and in- Ss 
triguing. It has been suggested. that o= 
centuries of close inbreeding hav 
lated a genetic abnormality, or “more fs 
remarkable. that after a lifetime. of 

climbing steep slopes and working the 
land, the calf muscles of these people 
have become so powerful that they op- 
erate as a secondary heart. But the in- 
habitants of Vilcabamba pay a price for 
their longevity: half of the children of COE 
the valley die before they are 10. > < 

In spite of its unusual content, Loe: : 
ever, the documentary, (screened Of 
July 8) lacked a sense of coherence, I : 
was never cogent or compelling. ` 
haps that was because “World in a 
Action” tried to do too much in too sag 
little time. As a result, the programme 
was often vague and contradictory. We 
were told that, for example, all the < 
peasants are vegetarian, and also that 
some eat donkey meat. ms 

We were also presented with various: oe 
nuggets of hollow information: There «3: 
are two rivers flowing through Vilca- = 
bamba. One is warm, the other is > 
cold. Ho hum. And we were treated on 
the basis of slender evidence to the 
thesis that an old woman might be so. 
old because of her healthy attitude 
towards sex. “Did you have many 
lovers?” she was asked. Well, she owas 
married once but her husband died a 
long time ago; just as well really, he 
used to be a devil-—-always beating her. 
Nearly killed her once. Eeee. 

Miguel Carpio, 132 years old, tall and 
bronzed with long black hair and a 
snow white beard, retired from a life 
of farming at 125. Healthy and in com- 
mand of all his mental faculties, he sits 
upright and impassive as the young in- 
truders from the outside world try to 
come to terms with his only obvious 
handicap. ‘Do you”, bawls the reporter, 
an {mpolite six inches from Miguel’s left 
ear, “still like women?” Obviously. 
Miguel is going deaf. Probably, it 
doesn’t bother him very much: at his 
age he’s undoubtedly heard it all before. 























Science broadcasting 
+ Ld 

statistics 

The proportion of BBC radio time spent 
on science has never been lower, in 
spite of the fact that the proportion of 
time devoted to talks and discussions 
has been increasing over the past ten 
years. Yet television has shown that 
there is a market for science, with ten 
million viewers watching The Burke 
Special. 

James Friday, an archivist on the 
staff of the Royal Institution has been 
collecting statistics on the BBC's use of 
programme time. In 1923 Reith, with 
his brief to educate, inform and enter- 
tain devoted 4% of radio time to 
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Announcements 


Appointments 


Roy Gibson has been appointed Acting 
Director General of The Council of the 
European Space Research Organisation. 


Erratum 


In the article ‘Nuclear fission as 4 
general source of energy’ by L. R. 
Shepherd (Nature, 249, 717; 1974) the 
two figures were inadvertently printed 
above the wrong figure legends. The 
legends themselves are correct and in 
the right places. 


International meetings 


September 2-6, International Sym- 
posium on Approaches to the Early 
Detection of Chemical Toxicity, Guild- 
ford (Mrs J. King, Department of 
Biochemistry, University of Surrey, 
Guildford GU2 SXH). 

October, International Symposium 
on Andean and Antarctic Volcanology 
Problems, Chile (Professor O. Gonzales- 
Ferran, Department of Geology, Uni- 
versity of Chile, Casilla 13518, Correro 
21, Santiago, Chile). 

October 6-11 Symposium of the Inter- 
national Society for Photogrammetry, 
Banff, Canada (Dr L. Sayn-Wittgenstein, 
Canadian Forestry Service, Ottawa, 


= Canada). 


October 7-11, First World Congress of 
Genetics Applied to Animal Production, 
Madrid (Professor Dr Luis de Cuenca, 
Fac de Vet, University of Madrid, 
Cuidad University, Madrid, Spain). 
October 10-12, Internationali Sym- 
posium on Thermogenesis and De- 
pressed Metabolism, Czechoslovakia (J. 
Meisner, MD, CSc, General Secretary, 
Faculty of Natural Sciences, Vinicna 7, 
120 00 Praha 2, Czechoslovakia). 








scientific programmes. Subsequently the 
emphasis shifted heavily to entertain- 
ment and science was relegated to 
schools programmes. In 1943 with 
science up to about 1%, the British 
Association, whose general secretary 
was then Richard Gregory, editor of 
Nature, sent a delegation to the BBC 
to suggest improvements in science 
broadcasting. The delegation recom- 
mended that the BBC should appoint 3 
scientific advisory group and a scientific 
programme organiser. The BBC rejected 
both proposals. When similar proposals 
were made twenty years later by the 
Pilkington Commission they were ac- 
cepted in part: a Science Consultative 
Group was appointed in 1964. But, its 
influence seems to have been negligible. 


October 13-16, Symposium on Tem- 
perature Regulation, Israel (The Secre- 
thriat, POB 983, Jerusalem, Israel). 
October 13-16, Symposium on the 
Mechanisms of Synaptic Action, Isracl 
(The Secretariat, POB 983, Jerusalem, 
Israel). 

October 13-17, Symposium on Environ- 
mental Physiology (The Secretariat. 
POB 983, Jerusalem, Israel). 

October 13-19, Fifth World Congress 
of Gastroenterology, Mexico (V Con- 
gresso Mundial de Gastroenterologia, 
Avenida Veracruz 93, Mexico 1! DF, 
Mexico). 

October 14-18, International Symposium 
on the Regulation of Growth and 
Dicerentiated Functions in Eukaryote 
Cells, New Delhi (Professor G. P. Tal- 
war, Department of Biochemistry, All 
India Institute of Medical Sciences, 
New Delhi, 11016, India). 

October 20-22, Sixth Meeting of the 
International Association for the Study 
of the Liver, Acapulco (VI Reunion de 
la Asociacion Internacional para el 
Estudio del Higado, Avenida Veracruz 
93. Mexico H DF, Mexico). 

October 21-23, 3rd Conference’ on 
Application of Small Accelerators, 
Texas (Dr Jerome L. Duggan, Depart- 
ment of Physics, N. Texas State Uni- 
versity, Denton Texas 76203), 

October 21-25, Symposium of the Inter- 
national Atomic Energy Agency on the 
Thermodynamics of Nuclear Materials, 
Vienna (International Atomic Energy 
Agency, PO Box 590, A-l011 Vienna, 
Austria). 
October 21-25, Second Conference of 
the Condensed Matter Division of the 
European Physical Society, Budapest 
(EPS Condensed Matter Division, Con- 
ference Office, Research Institute for 
Technical Physics, 1325 Budapest, PO 
Box 76, Hungary). 
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Television science has clearly not 
suffered from the BBC’s dislike of hav- 
ing scientists in its midst. But radio 
producers seem to have become pro- 
gressively more intimidated by the sub- 
ject: science at present occupies 4% of 
BBC radio time. With television science 
included, the proportion rises to slightly 
ever 1°%—little more than in 1943. Yet 
surely science impinges on most peoples’ 
lives considerably more than it did in 
1943? The BBC—and scientists—should 
consider, said Friday in a recent RI 
lecture, how they can best transmit 
science and how many hours a week 
they need to do it before they are over- 
taken by the report of the Annan Com- 
mission and the timidity of the pro- 
gramme producers. 


Ten e: mammarii animari pamamaraan meii IAM 


Reports and Publications 


Great Britain 
Department of Trade Industry, Warren Spring 
Laboratory—Annual Review, 1972/1973. Pp. 32. 
(Stevenage, Herts: Warren Spring Laboratory, ae 
i 
Bulletin of the British Museum (Natural History). 
Historical Series, Vol. 4, No. 5: Sir Joseph Banks and 
the Plant Collection from Kew Sent to the Empress 
Catherine I of Russia, 1795. By H. B. Carter. Pp. 281- 
385 + 4 plates (London: British Museum (Natural 
History), 1974.) £5.45. {126 
British Museum (Natural History}. Entomology 
Leaflets. No. 1: Insects. Pp. 6. Sp. No. 2: Insects and 
Man. Pp. 12. 9p. No. 3: Aquatic Insects. Pp. 6. Sp. 
No, 4: Insect Flight. Pp. 6. 5p. No. 5: Butterflies and 
Moths. Pp. 6. 5p. Zoology Leaflet No. 8: The Domestic 
Dog. Pp. 6. Sp. (London: British Museum (Natural 
History), 1974.) {126 
Microbiological Research Establishment-—Abstracts 
of Work published in 1973. Pp. 19. (Porton Down, 
Salisbury: Microbiological Research Establishment, 
1974.) {126 
Philosophical Transactions of the Royal Society of 
London. B: Biological Sciences. Vol. 267, No. 889: 
Late Quaternary History of Vegetation and Climate of 
the Rajasthan Desert, India. By G. Singer, R. D. Joshi, 
S. K. Chopra and A. B. Singh. Pp. 467-501. (London: 
The Royal Society, 1974.) [E36 


Other Countries 


Australia: Commonwealth Scientific and Industrial 
Research Organization. Division of Soils Technical 
Paper No. 2t: The Computation of Optimal Rates of 
Application of Fertilizers trom Quadratic Response 
Functions. By J. D. Colwell. Pp. 15. (Melbourne: 
CSIRO, 1974.) {106 

Canada: Department of Energy, Mines and Re- 
sources. Geological Survey of Canada. Bulletin 224: 
Carboniferous and Permian Stratigraphy of Axel 
Island and Western Ellesmere Island, Canadian Arctic 
Archipelago. By R, Thorsteinsson. Pp. 115 (27 plates). 
$6. Memoir 368: Surficial Geology of Avalon Peninsula, 
Newfoundland. By E. P. Henderson. Pp. [2], 34. 
Paper 72-51: Surficial Geology of the Kananaskis 
Research Forest and Marmot Creek Vasin Region of 
Alberta. By A. MacS. Stakler. Pp. 25. $2. (Ottawa: 
Information Canada. 1972, 1973 and 1974.) {}i6 

World Health Organization. Technical Report Series, 
No. 541: Disposal of Community Wastewater--- Report 
ofa WHO Expert Committee. Pp. 72. Sw. fr. 6. No. 542: 
WHO Expert Committee on Filariasis-~-Third Report. 
Pp. 54, Sw. fr. 5, (Geneva: WHO, London: HMSO, 
1974.) [ii6 

CERN.—European Organization for Nuclear Re- 
search. CERN 74-8: Topical Meeting on Intermediate 
Energy Physics, Lyceum Alpinum, Zuoz, Engadin, 
Switzerland, 4-13 April 1973-- Proceedings. Pp. ix ~ 
220. (Geneva: CERN, 1974.) {lt 

Smithonian Contributions to Zoology, No. 164: 
Synopsis of the Families and Genera of Crayfishes 
(Crustacea: Decapoda), By Horton H. Hobbs, Jr. Pp. 
iii + 32. (Washington, DC: Smithsonian Institution 
Press, 1974. For sale by US Government Printing 
Office. } BO cents. [146 

institut for Atomenergt, Kjeller. Kieler Report £49: 
We Electrochemistry of Undtorm Corrosion and 
Pitting of Aluminium. By K. Videm, Pp. 85. (Kjeller, 
Norway: Institut for Atomenergi, 1974.) {176 

Bulletin of the Fisheries Research Board of Canada, 
No, 186: The Capelin (Mallotus villosus) Biology, Dis- 
tribution, Exploitation, Utilisation, and Composition. 
By P. M. Jangaard. Pp. x + 70. (Otawa: Information 
Canada, 1974.) $3.60, 1176 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
alladvertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per [0 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's Inn, 
Londen, WC2A 2ED. Telephone: O1-242 6264. 
Telegrams: Textualist, London, W.C.2. 





APPOINTMENTS VACANT 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF ENTOMOLOGY 


Applications are invited for the position of 
ASSISTANT PROFESSOR, effective April 1, 1975. 
Qualifications are Ph.D. with postdoctoral expe- 
rience in insect physiology and interest in aspects 
of this field applicable to agricultural or forest 
entomology. Duties include teaching courses in 
general or applied entamology and insect physio- 
logy, the development and direction of a research 
program and supervision of graduate students in 
insect physiology and in application of some 
aspect of physiology to agricultural or forest en- 
tomology. Maximum starting salary $14,043. 

Please send full curriculum vitae and names of 
3 referees by October 31, 1974 to: Dr George E. 
Ball, Chairman, Department of Entomology. 260 
Agriculture Building, University of Alberta, Edmon- 
ton, Alberta T6G 2E3. (297) 


UNIVERSITY COLLEGE GALWAY 


JUNIOR LECTURESHIP 
IN ZOOLOGY 


Applications are invited for the above post. 
Salary scale £2,478 by 99 (10) to £3,468, 
plus Family Allowances, The closing date 
for receipt of applications is August 8, 1974, 
Prior ta application, further information 
should be obtained from the Registrar of the 
College. (308) 


CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 


Applications are invited from persons with some 
experience of electran mucroscopy or graduates 
considering entering this field for a new appoint- 
ment of technician in the Department of Histo- 
pathology of Charing Cross Hospital Medical 
School, Duties commencing September/October 
1974 will include the maintenance and operation 
of transmission and scanning electron microscopes. 
Some initial training will be given which the suc- 
cessful applicant will be encouraged to supplement 
by external study. Whitley Council terms and 
conditions of service. Apply to Dr J. G. Jackson, 
Department of Histopathology, Charing Cross 
Hospital Medical School, Brandenburgh House, 
Fulham Palace Road, London W6 9HH, (352) | 





THE UNIVERSITY OF SHEFFIELD 
W.E.S. TURNER CHAIR OF 
GLASS TECHNOLOGY 


Applications are invited for the W.E.S. TURNER 
CHAIR OF GLASS TECHNOLOGY which will 
become vacant in September 1975 on the retirement 
of Professor R. W. Douglas. Salary in the range 
approved for professorial appointments with super- 
annuation provision. Furtther particulars may be 
obtained from the Registrar and Secretary, The 
University, Sheffield S10 27N to whom applica- 
tons fone copy only) should be sent by September 
21, 1974. Please quote reference R116/G. 

(384) 








SOUTH AFRICAN SUGAR ASSOCIATION 
EXPERIMENT STATION 
MOUNT EDGECOMBE, NATAL | 
REPUBLIC OF SOUTH AFRICA 


OFFICER 


Fhe Experiment Station of the South African Sugar Association at. 
Mount Edgecombe, Natal, requires the services of a Chief Research | 
Officer, The successful applicant will be responsible. to the Director 
for the operations of the following departments: Agricultural Engin- 
eering; Agronomy; Biometry; Chemistry and Soils; Entomology and 
Nematology; and Land and Water Management. His duties will include. 
the preparation and supervision of annual programmes of work, the. 
administration of a specialist advisory service to all sugarcane growers 
and the motivation and co-ordination of special research projects. 
Applicants should preferably hold a Ph.D. or an equivalent degree in) | 
science or agriculture. Extensive experience in research will be an, _ 
essential pre-requisite. iis 





This appointment holds good prospects for an outstanding scientist: _ 
with organizing ability. It will also include opportunities for overseas 
travel when visits to other institutes are warranted, 

Salary wiil be commensurate with qualifications, experience and 
the senior grading of the appointment. 


Application forms, a list of benefits (which include a 10% annual 
bonus) and conditions of service are obtainable from: 
South African Sugar Association, 
Fountain House, 
125-135 Fenchurch Street, 
London, _ 
England EC3M SEH. 


Completed forms, together with curriculum vitae, should be air- 
mailed directly to: 
The Director, 
S.A.S.A. Experiment Station, 
P.O. Mount Edgecombe, 4300, 
Natal, 
Republic of South Africa. 





(332) 


Pharmacologists 


The Union International Company Ltd., invites applications for 
two new posts in the Department of Pharmacology at the St. 
Albans Research Centre :— 


(A) will be involved with work on mitotic inhibitors, malignancies 
and immuno-suppression. 


(B) will be involved mainly with various aspects of biological 
Quality Control work, though there will be opportunities in 
several of the Department’s research projects. 


Applications for both posts must have an Honours Degree in 
Pharmacology, Pharmacy or other appropriate discipline. 


Please write, giving full personal, educational and career details 
to the Staff Manager, (AD 5835), Union International Company 
Ltd., 14 West Smithfield, London ECIA 9JN. 


(428) 






















British Museum (Natural History) 
Sub-department of Anthropology 


CIENTIST 





to assist in experimental and have a degree, HNC or equivalent 
bibliographic research in the in an appropriate subject, 

fields of biometry, radiometry and Appointment will be as Scientific 
serology. The work involves the Officer: salary in the range 


anthropometric and anthroposcopic f) 999.£3,000. 
study of skeletal material in 

the Museum collection, and 
investigation of physical and 
genetic characters in contemporary 
populations. The successful 
candidate will also undertake some 
curatorial duties, 


Application forms (to be returned 
by 16 August 1974) from Civil 
Service Commission, Alencon Link, 
Basingstoke, Hants RG21] 1JB, 
telephone Basingstoke 29222 ext. 
500 or London 01-839 1992 

(24 hour answering service). 


Candidates (aged under 27) must Please quote $B/32/DK. (382) 





COLAISTE NA hOLLSCOILE GAILLIMH 
(UNIVERSITY COLLEGE GALWAY, IRELAND) 
Department of Physics 


Applications are invited for a 

POST-DOCTORAL FELLOWSHIP 
to investigate the heterogeneous nucleation of the solid phase, and its application ta: 
(a) deliberate and inadvertent weather modification 
tb) Measurement of the concentration of lead-bearing particles in the atmosphere. 
The successful candidate will probably have a Ph.D. in Physics, Chemistry or Meteorology. 
The Fellowship will be supported by the National Science Council of Ireland. The ap- 


pointment will initially be for one year, from October ist, 1974 with a possible renewal 
for one or two further years. 


Salary will commence at £2,100 per annum. 


Applications, accompanied by a curriculum vitae, and the names of two referees, should 
be sent to—-~ 


Dr. A. F. Roddy, Department of Physics, University College, Galway, Ireland. from 
who further details are available. 


Closing date is August 6th, 1974, 
(398) 





CITY OF LONDON 
POLYTECHNIC 


Applications are Invited for a research assistantship (£1,544 to £1,654 per annum plus 
payments under Threshold Agreement} to work on the biochemistry of parasitic castra- 
tion in the roach by the tapeworm Ligula intestinalis. The post is tenable for three 
years and the successful candidate will be expected to register for a higher degree. 





Application forms and further details can be obtained from Dr. G. L. Underwood, 
Department of Biological Sciences, Cipy of London Polytechnic. 31 Jewry Street, London 
ECIN 2ET. 

+ 
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THE UNIVERSITY OF MANCHESTER 


Institute of Science and Technology 
DEPARTMENT OF CHEMISTRY 


Experimental Officer (Ref: C/108/AD 


Appheations are wilted for the post of Experi- 
mental Officer in the Departrnent of Chemistry to 
take responsibility for the running of an Electron 
Spin Resonance Spectrometer. 

The instrument i to be used to provide an 
analytical service to research and teaching groups 
in the department and also to carry out develop- 
ment work in the use of ES R. and its appheation 
to departmental proiects. 

The post will be particularly attractive to can- 
didates combining a chemical background with an 
interest and practical knowledge im electronics. 

Salary within the scale: £1,758 to £3,114 with 
FSS.U. 

Requests for application forms to the Registrar, 
U M.S .T. Sackville Street, Manchester M60 IOD, 
to be returned not later than August 6, 1974, 

(385) 


UNIVERSITY OF EAST ANGLIA 


SENIOR DEMONSTRATORSHIP 
IN CHEMICAL PHYSICS 


tenable for 2 years from October 1, 1974. Some 
preference will be given to candidates who have 
interests in surface chemistry. Salary within the 
range £2,118 to £2,931 pa. depending on quali- 
fications and experience, plus F.S.S.U. benefits. 
Applications should be submitted as soon as pos- 
sible to Professor N. Sheppard, F.R.S.. School 
of Chemical Sctences, University Plain, Norwich, 
NOR &8C. (386} 
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JUNIOR TECHNICAL OFFICER 


required at Institute of Cancer Research, Fulham 
Road, London SW3, ta work in the Division of 
Molecular Biology. The work is concerned with 
the isolation and charcterisation of proteins in re- 
lation to cancer. Candidates should have at least 
two ‘A’ levels passes in Chemistry, Physies, Mathe- 
matics or Biology. Salary in scale £1,173 to £2,073, 
plus London Allowance and threshold awards. 
Apply in duplicate with the names of two refe- 
regs, ta the Secretary, 34 Sumner Place. London 
SW7 INU, quoting ref. 301/B/527, (387) 
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UNIVERSITY OF NEW SOUTH WALES 
PROFESSOR of PURE MATHEMATICS 


Applications are invited for appointment to a 
chair of pure mathematics in the School of Mathe- 
matics; there are five chairs in the School, includ- 
ing another one ja pure mathematics. Applicants 
should have substantial research interests in some 
branch of pure mathematics. The new professor 
Wil supervise and participate in teaching and 
examining undergraduate and postgraduate students 
in the School and engage in and promote research 


and advanced study in the field of his chair. 


Salary. $A1!9.614 per annum. Subject to the 
consent of the University Counci, professors may 
undertake a limited amount of higher consultative 
work. The University reserves the right to fill any 
chair by invitation, 

Details of appointment, including superannuation, 
Study leave and housing scheme, muy be obtained 
from the Secretary General. Association of Com- 
monweaith Universities (Appts), 36 Gordon Square, 
London WCIH OPF. 

Applications close in Australia and London on 
September 30, 1974, (392) 
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UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 


TEMPORARY LECTURESHIP — 
AGRICULTURAL BIOLOGY 
(12 Months) 


Applications are invited from graduates in Agri- 
culture, Biology. or Veterinary Science with a 
particular knowledge of host parasite relationships, 
epidermiology of livestock parasitic discuse and jn- 
tegrated management control measures in agri- 
cultural omterprises. Ideally applicants will be 
familiar with and experienced in student directed 
learning, the group learning environment and en- 
quiry projects. The appointee will be expected to 
work m co-operation with a semior lecturer in 
Pathology and Preventive Medicine to maintain a 
resourceful leurning environment for third and 
fourth year students of the Faculty of Rural 
Science im a co-ordinated study of the expressions 
of disease by livestock through interaction with 
Mfective agents; the consequential effects upon 
productivity; and the means of controlling these 
with bio-economic constrants by integrated whale 
chlurprise management. 

Salary: $A9.002 to RAPZ, 352. 

Farther information can be obtained from the 
Association of Commonwealth Universities (Appts). 
%4 Gordon Square, Landon WC!IH OPF., 

Applications clase on September 6, 19°74, 

(393) 
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UNIVERSITY OF EAST ANGLIA 
DEMON STRATORSHIP 


In INORGANIC. and/or 
PHYSICAL. CHEMISTRY 


tenable for | year from. Dates 1. 1974. Salary 


up to a maximum of £2, 118 
tions and experience. Api 
mitted as soon as poss 
School of Chemical 
Kettle, University 






ponding on qualifica- 
tions: should be sub- 
Prol Dean of the 








MEDICAL LABOR E 
TECHNICIAN 


required for expanding diagnostic radioimmauno- 
assay/saturation assay departiment, Experience in 
radivisotopic methods. is desirable. though not 
essential, but attention to detail and a high stan- 
dard of orderliness in laboratory work are very 
important requirements. Successful candidates will 
be expected to display inHjative and to contribute 
to the development of new techniques in this 
expanding and important field.. Salary on Whitley 
Council scale according to ‘age and experience 
(maximum £2,577 p.a). Applications. including a 
curriculum vitae and the names and addresses of 
two referees should be submitted to: Professor R. 
P. Ekins (N), Department of Nuclear Medicine, 
The Middlesex Hospital Medical School, London 
WIN ?RL by July 31, 1974. (396) 


THE POLYTECHNIC 
OF NORTH. LONDON 


DEPARTMENT OF CHEMISTRY 





TECHNICIAN. 


Applications are invited for an S.R.C. re- 
search position in each of the following areas: 


a) Nmr investigations of organothaliium 
compounds. Apply to Dr R. W. Mat- 
thews. 


b) The study of ‘template synthesis’ and 
catalysis by transition metal ions, Apply 
to Dr P. A. Tasker. 


The appointments will be made for two 
years only with salary in the range £1,824 to 
£2,094. Applicants for either position should 
be chemistry graduates or have experience 

in synthetic chemistry and should write as 
soon as possible, giving details of qualifica- 
tions and experience, with the names of two 
referees, to the above at the Department of 
Chemistry, The Polytechnic of North London, 
Ho loway, London, N7 8DB. (383) 


GRIFFITH UNIVERSITY 
Brisbane, Australia 
SCHOOL OF SCIENCE 
CHAIR IN BIOCHEMISTRY 

Griffith University will start undergraduate teach- 
ing in March 1975, The academic organisation is 
on a broad school of study basis and there is a 
commitment to interdisciplinary teaching. . 

. Applications are now invited from men and 
women for the third chair in the School of Science, 
the existing one being in chemistry and in phy- 
sics. Some preference will be given to a person 
with interests in the Biochemistry of metabolism 
or in physiological chemistry, but candidates with 
other interests will be considered. The appointment 
will be from January f, 1976. In order that the 
appointee can participate in planning, selection 
will be completed by April 1975, 

Salary will be $A19.614 p.a. Rates of exchange 
as at June 1, 1974 are:- $AI1=UK 62p, SUS 1.48. 

Prospective applicants may care to note that 


the Chairman of the School of Science, Professor’ 


R. D. Guthrie. will be available for consultation 
in London at the offices of the Association of Com- 
monwealth Universities from July 29 to August 
For further information and for details of t 
method application, please write to the haar 
Secretary General, Association of Commonwealth 


wea (Appts), 36 Gordon Square, London 
: WCIH OPF 


, closing date is September 21, 1974. 
394) 


Public Servic 
Canada 


Fonction publique 
Canada 


iv 


THIS COMPETITION IS OPEN TO BOTH MEN AND WOMEN. 
SYSTEMS RESEARCH OFFICERS | 


Ecological Systems Research Division 
Planning and Finance Branch 
Environment Canada 
Hull, Quebec 


$16,958 to $22,880 


DUTIES: To conduct research on a variety of subjects of national and intertiational Hae 
interest to develop environmental policies and programs. Current research: ‘programs cis ETE a 
clude work on carrying capacity of Canada in terms of population, resources and environe. 20) 
ment, development of techniques to evaluate environmental intangibles, macte global =- 


modelling, the growth ethics and use of systems analysis to develop resources and = 
environmental policies. $ 
QUALIFICATIONS: At least a Master's degree in Economics or in a discipline related. 


to the duties of the position, combined with adequate knowledge and experienc in <7. 


conomie theory and analysis. 
The knowledge of the English language is essential for these positions. 


Please quote reference number: 74-430-20. 
Forward resumé or “Application for Employment” (Form PSC 367-401) ewatlable 
Post Offices, Canada Manpower Centres and offices of the Public Service Conimis 


of Canada to: 
E., S. GROUP 
SOCIAL-ECONOMIC PROGRAM 
PUBLIC SERVICE COMMISSION OF CANADA 
TOWER “A” PLACE DE VILLE 
OTTAWA, ONTARIO KIA OM7. 


Appointments as a result of this competition are subject to the provisions of the Public -— 
Service Employment Act. (389) 


HAZLETON LABORATORIES EUROPE LIMITED 
Director of Drug Safety Evaluation 


H.L.E. has now set up its contract research organisation in the former 
Tobacco Research Council Laboratories at Harrogate, We are seeking- 
to make key appointments in the Division of Drug Safety Evaluation, 


which comprises a Department of Toxicology and a Department of > 


Pathology. In particular we are looking for a Director for the Division, 
whose responsibilities will include the development of the existing facilities 
for the full range of toxicological investigations required by current — 
legislation. 3 
Enquiries are invited from either Toxicologists or Pathologists who are ; 
experienced in the organisation, performance, evaluation and reporting. 
of toxicology studies. Familiarity with the requirements of the C.S.M,, 
F.D.A., etc. is essential and a knowledge of the contract research industry. 
18 desirable. 


An excellent salary and the usual fringe benefits will be offered to the ae 


successful candidates. 


Your application and Curriculum Vitae should be sent, in confidence, : Be : 
to the Personnel Officer, Hazleton Laboratories Europe Limited, Otley- 


Road, Harrogate, HG3 IPY. (402) | 





AGRICULTURAL RESEARCH COUNCIL OF MALAWI 
A vacancy exists in the Grain Legume Productivity Research Unit for a pathologist 
to develop improved methods of controlling groundnut diseases, especially of Cercospora 


leaf spot and fungi affecting kernel quality. The successful applicant will work in close 
association with the plant breeder and agronomist. 


Applicants should possess a good degree in agriculture, agricultural botany or a re- 
lated subject with speciabist training in plant pathology. A practical knowledge of 
fungicide dusting and spraying techniques would be an advantage. 


The appointment will be for a contract of three years at a salary and overseas allow- 
ance commensurate with qualifications and experience. A tax free gratuity of 25% is 
payable on completion of contract. Generous leave, free family passages, medical and 
educational allowances and free educational passages are provided together with a fur- 
nished house at low rental. 


Applicationy including curriculum vitae and names of two referees should be addressed 
to: 


Administrative Officer, P/Bag 3, Thondwe, Malawi. (442) 








Wellcome 


Information 
Scientist 


New Appointment 


The Wellcome Foundation is an international research 
based company manufacturing and selling human and veterinary 
medicines, vaccines and drugs. 


Through the continuous growth of our operations we need to 
increase the staff of our Clinical Information Department, by 
appointing an assistant to our Senior Information Scientist. 

We require a scientist with a MSc (Information Science) or 
postgraduate Diploma in Information Science, or an equivalent 
qualification. Some practical experience with computerised 
information retrieval systems would be an advantage. He will 
assist in the development and maintenance of computerised 
information storage and retrieval systems and the dissemination of 
information on a world wide basis. Initially the post will be 

based at our head office at Euston, London but the Department 
will move to Beckenham, Kent in three years time. 


This is a good opportunity to join a major international company 
offering excellent terms and conditions of employment including 
assistance with relocation expenses where appropriate. 


Please write quoting reference U/138 to: 


Group Personnel, 
The Wellcome Foundation Ltd, 
183 Euston Road, London NW] 2BP. 





(452) 


Pharmacologists 


Bayer AG., one of the world’s largest research orientated 
companies, wishes to recruit additional pharmacologists lo work 
in Germany. Bayer s pharmaceutical research is carried outina 


new E8 million research centre in Wuppertal near Dusseldorf. The 


B successful applicants will either be involved in work on the 


pharmacology and biochemisiry of the cardiovascular system or of 


biood clotting. Experience in these fields would be an advantage. 


BAYER but new graduates (M.D., Ph.D. or comparable degree required} 
= are invited to apply. A knowledge of German is not essential. 


The position will be permanent and offers an attractive and 
competitive salary. There is an annual bonus with yearly salary- 


related increments and an excellent group pension scheme. All 
ayer relocation expenses will be paid. 


Please apply in the first instance to: 

Dr. H. B. Allen, 

Viedical Director, 

Bayer U K Limited, 

Pharmaceutical Division, 

Haywards Heath, West Sussex. r 


(420) 
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SIMON FRASER UNIVERSITY 
British Columbia, Canada 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 

Applications are invited for the position 
of Assistant Professor. 

Qualifications: Ph.D. with postdoctoral ex- 
perience; a strong mathematical background 
and research interests in benthic marime com- 
munities. 

Nature of duties: Teaching undergraduate 
courses in invertebrate biology and marine 
ecology; the development of an active re- 
search programme. 

Salary: Negotiable. 

Letters of application. including curriculum 
vitae and the names and addresses of three 
referees should be sent to Dr J. M, Webster, 
Chairman, Department of Biological Sciences, 
Simon Fraser University, Barnaby, B. C 
V5A 186, Canada, before October 1, 1974. 

(403) 


University of New South Wales 
WOLLONGONG UNIVERSITY 


to become the 


UNIVERSITY OF WOLLONGONG 


Ist January, 1974 


LECTURER IN BIOLOGY (2 positions) 


The appointees will be expected to help in the 
development of a course in biological energetics. 
One lecturer will be responsible for arm instructional 
unit in biophysics with emphasis an cellular energy 
relations. The other lecturer will be responsible 
for an anstructional unit in the physiology 
multicellular organisms, again with emphasis 
their energy relations. 

Further information may be obtained from 

D. Brown. School of Microbsolowy, University 
of New South Wales, P.O. Box 1, Kensington, 
N.S.W. 2033, Australia. 


LECTURERS (2 positions) 
DEPARTMENT OF 
ELECTRICAL ENGINEERING 


Applicants should have high academic qualifica- 
tions together with research or industrial experience 
one or more of the following generaj areas:- 
electromie circulis, devices and systems generally, 
logica} design and digital techniques: computer 
engineering and applications: applications of modern 
control theory; materials science: communications, 

Further information i oavaiable from Professor 
B. H. Smith, Depurtment of Electrical Engineering, 
Wollongong University College, Box IH, P.Q.. 
Wollongong, N.S.W. 2500 Australia. 

Commencing salary for both posts according to 
Qualifications and experiences within the range 
$A9.002 io $A ISI per annum. 

Conditions of appointment and application forms 
available from Association of Commonwealth Urn 
versities (Appts), 36 Gordon Square. London WCIH 
OPF. 

Applications close September 2, 1974, {395} 


JNIVERSTITY OF GLASGOW 


LECTURESHIPS IN BIOCHEMISTRY 


Applications arc invited for iwọ Lectureships 
the Department of Biochemistry. The salary 
will be within the range £2,198 to £3,285 per 
amnum of the mew Lecturers’ scale of £2,118 
£4.896 per annum. which will be effective from 
October 2, 1974. Initial placement will be accord- 
img to qualifications and experience. FS S.U. 
Applications (eight copies} should be  lodeed 
not later than September 6, (974. with the under- 
sined. from whom further particulars may he 
obtained. fn reply please guote Ref. No. 3812M. 
Robert T. Hutcheson, Secretury of the University 
Court. 


(397) 


Senior 
Biochemist 


A leading British pharmaceutical Research 
Organisation has a vacancy for a SENIOR 
BIOCHEMIST to initiate und direct research 
projects im the arvas of pharmucokinetics, 
drug metabolism, molecular pharmacology 
und enzymology in association with the de- 
sien and develupment of new medicines. 
Persons with appropriate experience are Invited 
to apply in writing for an Application Form 
from The Secretary, Blorex Laboratories Lid.. 
Biorex: House. Canonbury Villas. London NI 
2HB. marking the envelope CONFIDENTIAL. 
; (4053 





Dr. 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 


Applications are invited from graduates, or others 
with suitable qualifications in biochemistry or re- 
lated subjects, for the post of Research Technician 


to work on membrane biochemistry for 14 months 
from September 1, 1974 (S.R.C. Grant). Salary 


accordmg to age and qualifications up to £1,833 


p.a. plus £126 London Allowance and Threshold 


Payments. Applicants should send a curriculum 
vitae and the names of two referees, as soon as 
possible, to Professor J. A. Lucy, Royal Free 
Hospital School of Medicine, 8 Hunter Street, 
London, WCIN IBP (Telephone 01-837 7an i 
401) 


Pharmacologists/ 


Toxicologists 


Honours Graduates, some experience an 
advantage, required for pharmacological re- 
search and short and long term toxicological 
studies of compounds of potential therapeutic 
importance, Excellent opportunities for 
advancement in modern, well-equipped lab- 
oratory. Pension and Assurance Scheme. 
Application Forms from the Secretary, Blorex 
Laboratories Ltd., Biorex House, Canonbury 
Villas, London NI 2HB. (406) 


M.R.C. CLINICAL RESEARCH 
CENTRE 
(Northwick Park Hospital, Watford Road, 
Harrow, Middlesex, HAI 3UJ 

SCIENTIST to work in CYTOGENETICS 
with a team investigating factors in uamctogenesis 
and carly mammalian development that might icad 
to chromosomal abnormality. The successful appii- 
cant will work under the direction of Dr C E. 
Ford of the Sir William Dunn School of Pathology, 
Oxford, with Dr R. D. Barnes in the Department 
of infant Development at the Clinical Research 
Centre, Candidates should have experience in cyto- 
genetics and preferably a Ph.D. in this subiect, 

Salary and conditions of appointment according 
to age and experience. 

Application forms and further details may be 
obtained from Mrs J. Tucker-Bull. 

Please quote ref. 119/1/EB6. (404) 


HISTOLOGY 
TECHNICIAN 


required for Pharmacological and Toxicolo- 


gical Laboratory. Experience essential in the 
preparation and processing of animal tissues. 
Good working conditions. Pension and As- 
surance Scheme. Application forms from The 
Secretary, Biorex Laboratories Ltd., Biorex 
House, Canonbury Villas, London NI 2HB. 


(407) 





NATIONAL VEGETABLE RESEARCH 
STATION 


PLANT PATHOLOGIST 


There is a vacancy for an officer to assist with 
research on vegetable virus diseases. Appointment 
will be as a Scientific Officer (£1,702-£2,675) or 
Higher Scientific Officer (£2,461 to £3,371), grade 
and starting salary being determined according 
to qualifications and experience. Superannuation 
scheme with allowance to offset personal con- 
tributions. The minimum qualification is a degree 
tor equivalent) in Botany, or horticultural or 
agricultural science. Candidates for appointment 
as H.S.O. will normally be expected to have a 
least five years’ postgraduate experience, in- 
cluding experience in plant virus techniques: 
training in such work will however be given to 
A Jess-experienced appointee. Full particulars and 
pplication form (to be returned by August 22, 

from the Secretary, N.V.R.S., Wellesbourne, 
ck CV35 SEF. {Al 7) 




















Wellcome 


Senior Bioche 
Enzymology 


The Department of Biophysics and Biochemistry at The Wellcome © 
Research Laboratories, part of the multi-million international 
Wellcome Organisation, requires a Senior Biochemist to a 
with a small inter-disciplinary group, who are studying the ways 
which drugs react with enzymes. re 





















Candidates should have had several years practical post-doctoral 
experience in enzymology, and will be able to interpret their results | 
line with modern biochemical concepts. | 


The Laboratories are located in beautiful parkland surroundings at a 
Beckenham in Kent, near attractive residential areas and yet within e 
reach of London. 


Salary and conditions of employment are attractive, including generous p 
assistance with relocation expenses, where appropriate, n 


Please write, with brief career details, to the 
Personnel Manager, 

THE WELLCOME RESEARCH LABORATORIES, 
Langley Court, 

Beckenham, Kent, BR3 3BS. 






GREATER GLASGOW HEALTH BOARD—WESTERN DISTRICT 
Research Assistant in Renal Transplantation in the Western Infirmary 
Salary Scale £1,497-£2,259 (Honours Graduates commence at £1,797). 


Applications are invited from Science Graduates for the above post. The work wW 
involve the setting up and supervision of immunological tests used in patients who hav 
undergone kidney transplants. No special experience in this field is required but. some 
training in immunology would be an advantage. i 

Further details can be obtained from Dr. J. D. Briggs, Renal Unit, Western Infirmary, 
Glasgow, G11 6NT. aa. 
Applications should be addressed to Dr. I, Macleod, District Medical Officer, GH 
Glasgow Health Board—-Western District, Western Infirmary, Glasgow, Gili NT 


later than 15th September, 1974. (4 

















UNIVERSITY OF HOHENHEIM (LH 
ERMANY 
Institute of Plant Pathology LR 

The post of a Wissenschaftlicher Rat and Professor (AH 2/3) for “Plant Virology ango ogs 
Bacteriology” is to be filled, The main field shall be virology: the problems of practical coc pos 
Plant protection in this field are also to be considered. Experiences in the Tropics ani | 
Subtropics are desired. iota en 
Applications including a list of publications and curriculum vitae should be sent By’ 
September 30, 1974, or as soon as possible thereafter, to: mele 
Dekan 
des Fachbereichs Agrarbiologie 
der Universitat Hohenheim 
D---7000 Stuttgart 70 

Postfach 106 

W. Germany (433) 


HILL FARMING RESEARCH ORGANISATION 
PLANTS AND SOILS DEPARTMENT 

Applications are invited for a SCIENTIFIC OFFICER to join a team studying the 
nutritional problems of grasses and white clover growing in hill soils with the objective 
of improving pasture production. 

Minimum qualifications: A pass Degree or Higher National Certificate in Botany or 
an Agricultural Science subject, a 

Salary dependisg on qualifications and experience in scale £1392 ta £2,675 with a 
superannuation scheme which attracts a $4% non-pensionable allowance to offset personaj 
contribution. æ 

Further particulars and application form may be obtained from the Secretary, 
H.F.R.O., Bush Estate, Penicuik, Midlothian. Closing date August 21, 1974. Please 
quote ref: A/6/192. {4805 
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Pharmaceuticals, Toiletries 
Hospital Supplies 


Section Head 
anti-inflammatory 
research 


The pharmacology department of the 
research division is expanding and an 
experienced scientist is required to 
take charge of the existing 
anti-inflammatory section. The work 
entails the direction and conduct of the 
current biological research programme, 
research into fundamental aspects of 
inflammation and the development of 
new testing procedures. 


Applicants should be graduates in 
pharmacology ora closely related 
discipline with a Ph.D. and several 
years post-graduate experience in the 
inflammatory field. 


A good salary is offered and will 
depend on qualifications and 
experience. 


Publications and attendance at scientific 
meetings are encouraged. 


Benefits include a contributory pension 
scheme with free life insurance, four 
weeks holiday and assistance with 
re-location expenses. 

Applications in writing to: 

A. J. Strathdee, 

Personnel Operations Manager, 
Nicholas Laboratories Ltd., 

229 Bath Road, Slough. Berks. SLI 4AU. 


AGRICULTURAL RESEARCH COUNCIL OF MALAWI 


AGRONOMIST 


A vacancy exists in the Grain Legume Productivity Research Unit for an energetic 
and practical agronomist to conduct a research programme on groundnuts, The success- 
ful applicant will work in close association with the plant breeder and pathologist and 
undertake a study of the fertilizer requirements of groundnuts and the influence of 
improved varieties and disease control methods on cultural practices. He will also be 
reguired to assist with the development and evaluation of harvesting methods. 


Applicants should possess a good degree in agriculture, agricultural botany or a related 
subject. Experience of tropical agriculture would be an advantage. 


The appointment will be for a contract of three years at a salary and overseas 
allowance commensurate with qualifications and experience. A tax free gratuity of 28% 
is payable on completion of contracte Generous leave, free family passages, medical and 
educational allowances and free educational passages are provided together with a fur- 
nished house at low rental. 


er : . , ; e 
Applications including curriculum vitae and names of two referees should be ad- 
dressed to: 


Administrative Officer, P/Bag 3, Thondwe, Malawi. (443) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of Post 
Doctoral Senior Research Assistant from October 
1, 1974. The successful candidate will be expected 
to pursue research in Cosmic Ray Physics m- 
volving calculations of the night sky Cerenkov 
radialion and measurements at the Mount Hop- 
kins Observatory of the Smithsonian Institution, 
Tucson, New Mexico. The periods of work in 
the United States will be for up to 12 months. 

The appointment, which is funded by the 
Science Research Council, will be for a period 
of two years. 

The salary will be on the scale £2,055 to 
£2,793 with F.S.5.U. benefits. 

Applications (3 copies) including the names 
and addresses of three referees should be sent 
to the Registrar and Secretary, Science Labora- 
tories, South Road, Durham DHI 3LE, from 
whom further particulars may be obtained. 

Closing date August 15, 1974. (401) 


mennee emme 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF OPERATIVE DENTAL 
SURGERY 
SENIOR RESEARCH ASSOCIATE 
Applications are invited for a postdoctoral 
post as Senior Research Associate to work on 
research into the chemical characterisation of 
bioadhesive secretions in the common sea mussel 
in collaboration with Mr. M. Cook and Dr. 
P. W. Kent in the Universities of Newcastle 
upon Tyne and Durham. The research which is 
supported by an M.R.C. grant will be carried 
out at the Dental School, Newcastle upon Tyne, 
and the appointment will be for a period of up 
to three years fram October 1, 1974. Commencing 
salary up to £3,108 per annum with F.S.A.U. 
Applicants should have had experience in bio- 
chemistry or relevant chemistry of natural pro- 

ducts. 

Applications giving the names of two referees 
should be sent to Mr. M. Cook, the Dental 
School, Northumberland Road, Newcastle upon 
Tyne, NEI 8TA within three weeks of tbis 
advertisement, (418) 





UNIVERSITY OF STERLING 

DEPARTMENT OF CHEMISTRY 

POSTDOCTORAL RESEARCH 
FELLOWSHIPS 


Applications are invited for Pastdoctoral 
Research Fellowships for work an (a) The 
Biosynthesis of a fungal antibiotocs and (b) 
In Vitro Analogies for the Biosynthesis of 
certain Terpenes. 

‘fhe appointments would be for one vear 
in the first instance, commencing October Í 
1974. Salary will be on the scale £2,118 to 
£2,412 with placement according fo age. 
and is superannuable (F.S.S8.0.). 

Applications together with the names of 
two referees should be sent to The Secretary 


{ } Department of Chemistry, University 
of Stirling, Stirling by September 30, 1974. 
(410) 





LEEDS AREA HEALTH AUTHORITY 
(TEACHING) 


Applications are invited from graduates in one 
of the Biological Sciences for the post of 
SCIENTIFIC OFFICER in the Revianal Cyto- 
genetic Unit established in the Pathology De- 
partment of this hospital. The Centre undertakes 
the cytogenetic investigations reguired for 
patients living within the area of the Yorkshire 
Regional Health Authority. Previous experience 
in cytogenetics is desirable but not essential, 

Application forms obtainable by ringing Leeds 
33144, extension 203 or 293 and should Þe re- 
turned to the Personnel Manager, St James's 
Hospital. Leeds LS9 FTP not later than 10 days 
after the appearance of this advertisement. 

(409) 


UNIVERSITY OF SOUTHAMPTON 
MEDICAL LABORATORY 
TECHNICIAN 
to work for Department of Child Health in the 
University Medical Sciences Building. Duties” in- 
volve operation and maintenance of cell culture 
apparatus and enzyme analysis and include de- 
velopment work and assistance with student 

research. 

Qualification H.N.C. with related experience. 
è Salary scale £848 to £2,163 or £2,007 to 
£2,382 according to qualifications and experience. 

Applications in writing. giving details of age, 
qualifications and experience and the names and 
addresses of two referees. should be sent as soon 
as possible to the Deputy Secretary's Section The 
University. Seuthampton SOG SNH. quoting 
reference 262/T. (430) 
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THE ROYAL DENTAL HOSPITAL 
OF LONDON 
SCHOOL OF DENTAL SURGERY 
(University of London) 
RESEARCH ASSISTANTS 


Department of Physiology. 

Applications are invited: f he appointment of 
Research Assistant: in CPi gy in relation to 
Dentistry. Applicants p e. graduates in bio- 
logical] science preferably physiology and previous 
research experience is not essential, The post 
will be tenable for three years in the first instance 
and would permit registration for a higher degree 
as un internal student of the University of London. 
Salary range according to age and experience 
£1,400 to £5,713 (under review) pilus L.A. and 
F.S.5.U. benefits. The successful applicant will be 
required to assist in work on the neurophysiologi- 
cal control of jaw. function which involves 
laboratory experiments and the eventual applica- 
tion of data to clinical diagnostic procedures. 
As the School is in association with St. George’s 
Hospital Medical Sehool and Chelsea College 
opportunities for collaborative work exist with 
these institutions. 












Department of Physical Sciences 

A graduate Research Assistant is required by 
the Department of Physical Sciences to study 
ion-exchange and adsorption phenomena at the 
surface of hydroxyapatite, the mineral constituent 
of bones and teeth. Applicants are expected to 
have or to obtain a good degree in Physics or 
Chemistry. The appointment, which is for three 
years in the first instance, will be on a salary 
scale from £1,400 to £1,713 {unger review) plus 
a London Allowance and F.S.S.U0. benefits, 
Registration for a higher degree will be expected, 
Alternatively a part-time appointment would be 
considered. 

Applications with curriculum vitae and tbe 
names of two referees should. be submitted to 
the School Secretary, Royal Dental Hospital of 
London (Schol of Dental Surgery) 32, Leicester 
Square, London, W.C.2, and received not later 
than September 6, 1974. v {418} 


UNIVERSITY OF LEEDS 
DEPARTMENT OF GENETICS 


Applications are invited for a post- 
doctoral fellowship to work on amino acid 
replacements in mutant forms of Neurospora 
glutamate dehydrogenase, The post is avail- 
able for one year {possibly renewable) 


starting as soon as possible, but no later 
than October t, 1974: salary on the scale 
£1,929 to £2,388 (te be reviewed October J, 
1974). 


Applications, together with the names of 
two referees, should be sent to Professor 
J. R. S. Fincham, Department of Genetics, 
University of Leeds, Leeds LS2 9JT from 
whom particulars may be obtained. 

(4263 


SIR GEORGE WILLIAMS 
UNIVERSITY 
Montreal, Quebec, Canada 


DEPT. OF BIOLOGICAL SCIENCES 
THREE FACULTY POSITIONS 

Three faculty positions available, July 1, 1974; 
| Asociate Professor ($15,400 to $17,000), 2 As- 
sistant Professors ($12,000 to $15,000) depending 
upon experience and qualifications. Research 
orientated persons qualified to teach in one or 
more of the following areas will be considered: 
Embryology, Plant Ecology, Biostatistics, Intro- 
ductory Biology. Ph.D. reaiured. Send resum 
and names of 3 references to: l 
Dr. H. Enesco, Chairman, Dept. of Biological 
Sciences, Sir George Williams University, Mon- 
treal, Que, H3G 1M8. {429} 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF SURGERY 
MEDICAL RESEARCH TECHNICIAN 


required to assist with research into the bio- 
chemical aspects of liver disease. Experience with 
radio active isotopes an advantage but not essen- 
tia. The laboratories are well equipped and will 
move info the new teaching hospital in the near 
future. 

Candidates should be State Registered afd 
salary wil be on the Whitley Council Scale 
£1,557 to £2,451 per annum (plus threshold pay- 
ments) acording to qualifications and experience. 
Application forms may be obtained from the 
Registrar, The University, P.O. Box 147, Livér- 
poo! L69 BX. 

Quote ref RV/N/276145. (425) 



















Cotton Adviser 
(Production and Extension) 

To increase the production of cotton in the Helmiand Valley 

by conducting extension work among farmers, advising on cotton 
production, controlling demonstration plots and helping to train local 


personnel. Involves liaison with extension staffs of the Cotton and 
Vegetable Oil Corporation and the Arghandab Valley Authority. 


Appointment 2 years. Candidates should possess a degree or dipioma 
in agriculture with extensive experience of the prescribed duties 
of the post. 


Salary in scale £3,000 to £5,000 p.a. plus a variable tax-free overseas 
allowance in scale £365 to £1,295 p.a. 


For full details together with an application form and booklet on 
Afghanistan, please apply giving age and brief details of qualifications... 
and experience to:-— 


AN Appointments Officer 
AN Ministry of Overseas 


Development 


Room E 301, Eland House 
Stag Place, LONDON SWIE 5DH 


oN enama unre aaa a rts è 
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Tropical Products Institute 
London 


Microbiologist 


E Direct routine microbiological studies on spoilage of fresh and 
processed food of tropical origin m Investigate new microbiological 
testing methods @ Train staff, and students from overseas W Possi- 
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UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


LECTURESHIPS IN ANATOMY 
(Visiting or Established Posts) 


Applications are invited from suitably qualified 
persons who can carry out research and teaching 
in neuroanatomy, or in embryology or in histo- 
logy including cytology and who, in addition, 
either already have or are prepared to acquire 
experience in teaching gross anatomy, Demon- 
strated research capacity in some aspect of 
embryology or developmental biology would be 
an advantage. 


While the vacancies are for established posts 
normally leading to tenure, the University is 
prepared to enter into discussions for short-term 
appointments for two years (although one year 
would be considered) with return air fares pro- 
vided. The latter might interest recently retired 
anatomists. 


Salary according to qualifications and experience 
within the relevant scale as under: 


Science Graduate 


Lecturer: NZ$7,361 to $9,339 per annum 
Senior Lecturer: NZ$9,503 to $12,142 per 
annum with a bar at $11,153 per annum. 


Dental Graduate 
Lecturer NZ$8,303 to $11,517 per annum 
Senior Lecturer: NZS11,918 to $13,121 per 


anmum 
Medical Graduate 
Lecturer: NZ$9 997 to $14,287 per annum 


with a bar at $11,811 per annum 
Senior Lecturer: NZS$14,699 to $16,926 per 
aANRUR e 


Further particulars should be obtained from the 
Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF, 
or from the Registrar of the University. 


_ Applications, quoting ref. no. A.74/24, close 
in New Zealand and London on September 36, 
IF (431) 


-o PYM. 


As agents for Nchanga Consolidated Copper 


, are looking for Medical 
nologists to work - on a 3 year renewable 


These hospitals serve not only the loca! 
expatriate mining staff and their families, but also 
everyone for miles around. As a consequence, prevenia- 
tive medicine and also the public health and hygiene 
of whole communities have become major responsi- 
bilities. You will, in the course of your work, find yourself 
involved with the whole gamut of conditions and diseases 
peculiar to the Tropics ~ the kind of experience you 
might find hard to acquire elsewhere in one locality. 

Take into account also the attractive life in a Copper- 
belt town, and the marvellously sunny Zambian weather 
and you can see how we can promise you an enjoyable 
time as well as valuable professional experience, 

Qualifications: Applicants must possess at least 
FIMLT, offer practical experience in hospital laboratory 
routines, and be knowledgeable on modern bacterio- 
logical, blo-chemical and haematological techniques. 


Laboratory Tech- 


and 


UNIVERSITY COLLEGE DUBLIN 
Research Assistantship (full time) 
or 
Research Demonstratorship (part time) 


Applications are invited for the above~-which 
operate under a National Science Council Grant 
—in the Department of Geology. The appoint- 
ments are for one year but may be renewed 
subsequently, A requirement is a good Honours 
Degree in Geology and preference will be given 
to candidates with practical experience in field 
or laboratory. 

Salary:— 

Research Assistant = £1,782 p.a. 
Research Demonstrators = £891 p.a. 

The latter post will permit demonstrating for 

which extra remuneration is made. Closing date 


for applications August 26, 1974, 
Applications to 
The Secretary, 
Department of Geology, 


University College, 
Belfield. 
Stillorgan Road, 
Dublin, 4, 
(423) 





UNIVERSITY COLLEGE DUBLIN 


RESEARCH POSTS IN 
INVERTEBRATE ECOLOGY 


A post doctoral fellow or research assistant 
or postgraduate student is required for a 3-year 
project sponsoved by the National Science Coun- 
cil on the organisation and dynamics of grassland 
invertebrate communities. Applicants should hold 
an initial honours degree in Agriculture or 
Zoology and preferaby have research experience 
in quantitative ecology. Applicants graduating this 
Autumn will be considered. 

Fall details from:— 

Dr. J. P. Curry, e 
of Agricultural 


Department Biology, 
Faculty of Agriculture, 
University College, 
Glasnevin, 
Dublin, 9. 
(422) 


appointment to 
a 3 


DOTAIR n m nu a a APA n nma 


3 years here could add a 
anew dimension to your kind of work ri 


| SALARY K,7,069 p.a. (£4,594 based on an exchange 
Mines, Zambia’s largest mining group, we rate of K 1. = £0.65). Benefits include currency regula- 
tions advantages —- up to 334% of gross income can be 


sent home each month, with an additional end-of- ae 
contract basis ~ at the Company's hospitals contract allowance. Free passages to and from Zambia. 
in Chingola and Kitwe, two important towns on A tax-free settling-in allowance of £390 if married and 

£195 if single. Free Life Assurance. A house or flat at a d 


very low rent, and domestic help easily available. 
Generous paid annual leave. Company private primary 
schools available. Tax-free allowances for children’s 
education and travel. Loan facilities to assist 
purchase. Medical aid scheme. 


Write (enclosing details of professional 
qualifications and experience) for an applica- 
tion form and booklet to: 

Anglo Charter International Services Limited 
(Appointments Division), Department | 
7 Rolls Buildings, London EC4A 1HX. } y 


Zambia's Copperbelt 


an experience that counts fora lifetime s 
a= "sgg I 


NI 


im car 








(488) 


QUEEN ELIZABETH HOSPITAL 
FOR CHILDREN 
HACKNEY ROAD, LONDON E2 8PS 


Applications are invited for the post of RE- 
SEARCH ASSISTANT in the Academic Depart- 
ment of Child Health at this hospital. The post 
is yrant-supported and the successful applicant, 
who should have a good honours degree in bio- 
logical sciences, will be expected to undertake a 
study of reaginic antibody in childhood asthma. 
Salary will be on the scale of £1,440 ta £1,883. 
Applications with the names of two referees 
should be addressed to Pro. © B. 5S. Wood, 
Academic Department of Child Health. {4213 





AGRICULTURAL RESEARCH 
COUNCIL 

UNIT OF DEVELOPMENTAL 
BOTANY 


Application are invited from PLANT 
PHYSIOLOGISTS and BIOCHEMISTS far a 
two year temporary appointment as a SCIENTTH- 
FIC OFFICER /HIGHER SCIENTIFIC OFFICER 
at the Agricultural Research Council’s Unit of 
Developmental Botany to investigate an aspect 
of the hormonal control of plant growth de- 
velopment. Candidates should hold post graduate 
qualifications and have some further experience 
in original research. 


Appointment in grade of Scentific Officer 
£1,707 to £2,329 pa. or Higher Scientific Officer 
£2,221 to £2,854 pa. Starting salary in accord- 
ance with qualifications and experience. At least 
two years post graduate experience is required for 
H.S.0,. Superannuation under 

SSU. with an allowance of 4$% of basic 
salary to off-set contributions. 


The unit is attached to the Botany School of 
Cambridge University and is under the Direction 
of Professor P. W. Brian. Applications should be 
addressed to the Deputy Director, Dr. D. J. 
Osborne, Unit of Developmental Botany, 181A 
Huntingdon Road, Cambridge CB3 ODY. 435) 
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CHELSEA COLLEGE 
University of London 


TECHNICIAN GRADE 4 


A TECHNICIAN (GRADE 4) is required for 
the Microbiology Section. of the Depaartment of 
Pharmacy, to undertake work involving the 
maintenance of the culture collection, prepara- 
tion of cultures for undergraduate. and post- 
graduate students and some field work for pew 
experiments. Relevant i ence and a List B 
qualification are essential, Salary in the range 
£2,023 to £2338 per annum (including £228 
London Allowance), 0 0000 = 

Application forms fromthe Manager of Tech- 
nical Services, Department of Pharmacy, Chelsea 
College, Manresa Road, London SW3 ae R 

l ; 4} 















UNIVERSITY COLLEGE, CARDIFF 
DEPARTMENT l OF BOTANY 
RESEARCH ASSISTANT IN 
PLANT BIOCHEMISTRY 


Applications are invited from graduates in 
Biology, Biochemistry or Botany for the post of 
Research Assistant, to work on D.N.A. poly- 
merase in higher plants, under the supervision of 
Dr. J. A. Bryant. The post is for a period of 
three years from October 1, 1974, with a starting 
salary of £1,422 (except in the case of an appli- 
cant who is allowed to register for a higher 
degree, for whom the salary will be adjusted to 
_be equivalent to a post-graduate studentship). 
Further details are available from: The Registrar, 
University College P.O. Bo Cardiff CFI LXL, 
to whom applications {including the names of 
two referees) should be sent by August 19, 1974, 
Please quote reference. 06 : (436) 





UNIVERSITY COLLEGE CARDIFF 


Applications are invited for the following vacancy: 
TECHNICIAN GRADE 3 


in the Department of Physiology. 

Salary Range: £1,650 to £1,920 per annum. Duties 
to commence September 2, 1974. The post is for 
15 months, eee 

Applications, together. with the names and ad- 
dresses of two referees, should be forwarded to 
The Registrar, University College, P.O. Box 78, 
Cardiff CF1 IXL, from whom: further particulars 
may be obtained. Closing date August 9, 1974. 
Please quote reference 0616, (438) 








UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICS 


The Physics and Chemistry of Solids Research 
Group (Professor D, Tabor) of the Cavendish 
Laboratory hopes shortly to make appointments 
against posts concerned with the following pro- 
jects starting in October:— 

(a) The friction and wear properties of poly- 

mers and the influence of specific addi- 
tives and fillers. i 

(h) Micromechanical properties in ultra-high 

vacuum of well characterised surfaces. 

c) The effect of minor constituents on the 

surface properties. of solids, 

Applications are invited from graduate and 
post-doctoral scientists with appropriate experi- 
ence. Salaries on “a scale between £2,118 and 
£2,931 p.a. depending upon age and experience. 

Applications, incerporating a curriculum vitae 
and the names of two .referees and noting the 
project(s) of interest, should be sent to The 
Secretary, Cavendish Laboratory, Madingley 
Road, Cambridge CB3 OHE, (439) 


UNIVERSITY OF ST ANDREWS 
RESEARCH ASSITANT IN 
LASER PHYSICS 


Immediate vacancy for a Research Assistant 
to work in the laser group on a CO, TEA laser 
contract. Previous experience in laser physics and 
high vacuum technology an advantage. Salary in 
the range £1,600 to £1,800 p.a., tenable for one 
year, pussibly renewable. 

Applications including a curriculum vitae and 
the names of two referees should be sent as soon 
as possible to Dr. A. L, S. Smith, Physics De- 
partment, University of St. Andrews. Fife from 
whom further details can he obtained. (441) 








UNIVERSITY OF LONDON 


CHAIR OF STRUCTURAL BIOLOGY AT ST. 
GEORGE'S HOSPITAL MEDICAL SCHOOL 


The Senate invite applications for this newy 
established Chair. Initial salary to be agreed but 
not less than £5,973 a year, plus £162 London 
Allowance. Applications (11 copies) should be 
received not later than September 10, 1974 by the 
Academic Registrar, (N) University of London, 
Senate House, WCIE 7HU, from whom further 
particulars may be obtained. (444) 





LABORATORY ASSISTANTS OR TECHNICIANS 
- (CHEMISTS) 


Two vacancies exist for young people in our Special Polymers labora- 
tory and Sterile Solutions division to assist in production, research 
and development, covering a wide range of activities. 


Candidates should ideally be qualified to HNC or equivalent. in 
Chemistry or related scientific subject or alternatively be qualified by 
experience. _ 


A realistic and progressive salary will be paid commensurate with age 
and qualifications. The usual Company fringe benefits apply. : 


Write in the first instance to: 


Mr K. Gent, 

Personnel Manager, 

Contact Lenses (Mfg) Limited, 
14/16 Child’s Place, 

Earls Court, London SW5 9RX 
Tel: 01-370 4455. 








UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF MATHEMATICS 


RESEARCH ASSISTANTSHIP 


Applications are invited for a Research Assistantship in the Department 
of Mathematics to take part in a theoretical investigation of rheological 
properties of pigment suspensions. Applicants should be well qualified in 
applied mathematics, or a related discipline, and have a good knowledge of 
contemporary continuum mechanics. 
The post is for one year with salary up to £2,757 per annum, placing 
depending on age, qualifications and experience. 
Further information (quoting R27/74) may be obtained from Dr F. M. 
Leslie, Department of Mathematics, University of Strathclyde, Livingstone 
Tower, 26 Richmond Street, Glasgow Gi IHX, with whom applications 
should be lodged by August I4, 1974, | 
(487) 








UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF APPLIED MICROBIOLOGY 


Research Assistant 


Applicants are invited for Research Assistantship to carry out an investi- 
gation on RNA dependent RNA polymerases in different strains of yeast, 
The work will involve the use of techniques in cell biology, enzymology 
and virology. Applicants should have a good Honours degree in Biochemistry 
or a related subject. 


The appointment, starting on October 1, 1974, is supported by the 
Science Research Council until September 30, 1977, and the salary is 
£1,500 by £100 (2) to £1,700 per annum. 


Applications (quoting R26/74) giving details of qualifications and experi- 
ence, together with the names of two referees should be sent to Dr E, A. 
Berry, Department of Applied Microbiology, University of Strathclyde, 
Royal College Building, 204 George Street, Glasgow, GI IXW. vce 
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The Whittaker Corp. represents one of the largest companies 
in the USA, which has diversified internationally into 
health care and environmental projects. We have been 





awarded a $100 million contract to staff and manage three 
newly-built hospitals in Jiddah (60 beds), Tabuk (135 beds) 
and Khamis Mushayt (135 beds). The hospitals have been 


built to top US standards. Equipment is the latest and best 
from the USA and Europe, covering the full range of medical 


and surgical treatment. 


There is an immediate opportunity on a two-year contract 


basis for: 
Epidemiologist 
$18,000 


to study the incidence of communicable and chronic 
diseases and develop programmes and recommend courses 


of action for their control. 


Candidates should be qualified in Public Healthor _ 
Epidemiology with at least 2 years’ experience in this field. 


In addition to a tax-free salary, negotiable up to the 
maximum indicated, benefits include: free housing and 
messing; return passages for employees and families; 
generous baggage allowance and household storage 
provision; and 30 days’ annual holiday. 





m FO meet our initial staffing requirements, 
ACTION this post must be filled quickly. Please 
URGENT write immediately with full biographical 

details, quoting reference U.123, to 
F. Sicher, Whittaker Corp., c/o 


RAIL ADVERTISING SERVICES LTD. 
17 Stratton Street, London W1X6DB. 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 


z DEPARTMENT OF BIOCHEMISTRY 
MRC. Research Studentship 


Applications are invited for an M.R.C. student- 
ship which is available from October, 1974. Can- 
didates should hold a geod Honours degree in 
chemistry or a biological science. The successful 
candidate will pursue a course of research, leading 
to a Ph.D, degree, involving a study of changes 
which occur in the protoplast membrane of 
‘Bacillus amyloliquefacilens during the secretion 
of extracellular enzymes with particular regard 
to the metabolism of membrane phospholipids. 

Applications and enquiries should be made to 
Dr, G. Coleman or Dr. D. White, Department of 
Biochemistry, University of Nottingham Medical 
School, University Walk, Nottingham NG? IRD, 
Telephone 0602-56101. (446) 





(489) 


MEDICAL RESEARCH COUNCIL 


NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH 


BIOCHE MIST /MICROBIOLOGIST 


A postdoctoral biochemist or microbiologist is 
required by the LABORATORY FOR LEPROSY 
AND MYCOBACTERIAL RESEARCH to inves- 
tigate killing awdi degradation of mycobacteria by 
phagocyte cells. The work of the Laboratory ife 
cludes several aspects of the relationship between 
pathogenic mycobacteria and their host cels. The 
appamtment, which is for up ta three years, is 
im the salary range £2,223 to £3.978 pa. plus 
£162 pa. London Allowance: superannuation pro- 
vision under FSS U. 


Applications giving detuil@ of qualifications, rë- 
search experience and the names of iwo profes- 
sional referees should he sent to Fhe Director. 
National Institute for Medical Research. Mill 
Hill, London, NW7 JAA. (45%) 


lature Vol. 250 July 26 1974 


UNIVERSITY OF 
SASKATCHEWAN 
SASKATOON, SASKATCHEWAN, 
Canada 


Applications are invited for the following 
positions in the Department of Crop Science 
PROFESSIONAL RESEARCH ASSOCIATE 

A plant physiologist with experience in 
the field of identification and physiology of 
naturally-occurring plant growth regulators. 
PROFESSIONAL RESEARCH ASSOCIATE 

A plant physiologist with training and 
experience in the area of water relations 
and/or stress physiology. 

The successful applicants wifl be part of 
a team of three scientists and three tech- 
niclans who will undertake a comprehensive 
analysis of the role of plant hormones in 
drought stress in sorghum. The study, sup- 
ported by the International Development 
Research Centre, Ottawa is designed to 
provide cereal scientists working in the 
semi-arid tropics with a more complete 
knowledge of the manner in which plant 
growth and productivity are influenced by 
drought stress. The project will take ap- 
proximately five years. 

The commencing salary for each position 
is $12,924 plus a pension and annual in- 
crements currently equivalent to 5%. Mini- 
mum qualification is a Ph.D. 

Further enguiries and applications, which 
close August 31, 1974, and lIetrers from 
three referees should be sent to: 

Prof. G. M. Simpson. 

Crop Science Department, 

University of Saskatchewan, 

Saskatoon, Saskatchewan, Canada S7N tes 
(440) 


UNIVERSITY OF SOUTHAMPTON 
Senior Programmer 


Applications are invited from graduates in 
Mathematics, or with a strong mathematical 
background, for the post of Senior Programmer 
in the Biology Department. The successful appii- 
cant will be expected to act as Computer Liaison 
OMicer for the Department as well as developing 
and Servicing computer programs. An interest 
in the application of computer-based techniques 
to biological problems is essential, and some 
knowledge of multivariate Statistical methods 
would be an advantage, 

Salary on scale: £2,880 to £3,636 per annum. 

Further particulars may be obtained from the 
Deputy Secretary's Section (Ext. 734), The Univer- 
sity, Southampton SO9 SNH, to whom appli- 
cations with the names of three referees, should 
be sent by August 12, 1974, Please quote reference 
Na 902/0. (445) 


THE QUEEN'S UNIVERSITY OF 
BELFAST 


Research Officer/ 
Senior Research Officer 


DEPARTMENT OF MICROBIOLOGY 


Appications are invited for the post of 
Research Oificer/Senior Research Officer in 
the Department of Microbiology. The duties 
of the post include assistance with investi- 
gations into persistent infection and with 
the preparation of teaching materials for 
classes in microbiology. Candidates for the 
senior post should have an ordinary science 
degree or equivalent, and the particular 
requirements for both grades of appointmers 
are a knowledge of virology. tissue culture 
and experience with immunofluorescent and/ 
or radio-active tracing of biological mat- 
erigis, In addition, candidates for the 
senior post should have experience in celue 
lar immunology and the culture of cells 
from the immune system of animals and 
man. 


The grade of appointment will depend 
on age and qualifications, The salary range 
for the Research Officer grade is £1,932 ta 
£2,910 for the Senior Research Officer grade 
£2,952 to £3,900 both posts carry super- 

è annuation within the F.S.8.U, 


Letters of application, giving the names 
of two referees, should reach the Personne! 
OMcer, The Queen’s University, Belfast, 
BT? INN, Northern Ireland by August 16. 
1974, (437) 
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Royal Postgraduate Medical School 
TECHNICIAN, (Organic Chemist) 


required in the peptide chemistry section of the 
Endocrine Unit, to assist with the synthesis of 
biologically active peptides. Qualifications: relevant 
A? levels, O.N.C. or H.N.C. in chemistry. Starting 
salary and grade according to qualifications and 
experience. 

Applications to the Secretary, R.P.M.S., Hammer- 
smith Hospital, Du Cane Road, London W12 OHS, 
quoting ref. no. 2/322.N. (449) 





UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG, SOUTH AFRICA 


DEPARTMENT OF PHYSICS 


Applications are invited for the following 
posts: 

(A) Senior Lecturer 

(B) Lecturer 

(©) Junior Lecturer 


(D) Senior Lecturer with special responsi- 
bilities in the Faculty of Education 


The persons appointed to posts (A), (B) 
and (C) above will take part in the general 
teaching and research work of the Depart- 
ment of Physics. Solid. State Physics and 
Nuclear Physics are the two main research 
interests. 


The principal duty attached to post (D) 
will be to organise in-service training for 
teachers of physical science in high schools. 


Salary will be determined according to 
qualifications and experience within the fol- 
lowing ranges: 


Senior Lecturer: 
Lecturer: 


R7,245 to R935 
R5,.520 to R7,935 
Junior Lecturer: R4,140 to R5,175 


Improved salary scales are to be intro- 
duced shortly. 


Benefits include an annual bonus, pen- 
sion and medical aid, and a housing subsidy 
GE eligible). 


Intending applicants should obtain the in- 
formation sheet relating to these posts from 
‘the Registrar, University of the Witwaters- 
rand. Jan Smuts Avenue, Johannesburg, 
South Africa, with whom applications should 
be lodged not later than September 20, 1974. 
(Please quote the post for which you are 
applying). U.K. applicants should obtain the 
information sheet from the. London Repre- 
sentative, peer of the ‘Witwatersrand, 
Chichester House, 278 High "Holborn, Lon- 
don WCI. to whom a copy. of the applica- 
tion should be sent. ei : 


EAST MALLING RESEARCH 
STATION | 


Head of Plant Protective Chemistry 
Section 
A chemist with experience in pesticides required 
to lead the section concerned with pesticide usage 
on fruit and hops. 
Appointment, according to age and experience, 


in the Principal Scientific Officer scale £4,227 by 7 
increments to £5,550 together with the cost of 


living allowance and 44% of gross salary to offset 
superannuation contributions. 
F.S.8.U 
Application form and further details from Assistant 
to the Secretary, East Malling Research Station, 
MEI9 6BJ. 

(451) 


Superannuation under 


East Malling, Maidstone, Kent, 





THE EDINBURGH SCHOOL OF 
AGRICULTURE 


AGRICULTURAL 
ENTOMOLOGIST 


Applications are 







invited for a post in 
the Crop Health Department from candi- 
dates with post-graduate experience in 
Entomology /Nematology. 



































National Research 
Development Corporation 
Fellowship 


Chemist /Biochemist 7 


Applications are invited for a two-year NRDC Fellowship. to work 
at the Microbiological Research Establishment, Porton Down (under the 
direction of Dr K. D. Macdonald}, on the isolation, purification and 
characterisation of microbial metabolites with antibiotic activity. 





Applicants should have two to four years’ post-graduate experience, 
preferably with a knowledge of the chemistry of antib otics both at a 
comparative and analytical level. Salary starting at £2,568 per annum 
rising to £2,675. 


The appointment of a recent graduate with an interest in this field is not 
excluded and the salary would be in the range of £1,592 to £2,038. 


‘Threshold’ payments will be made and annual leave will be 22 days. 


Applications, with details of qualifications and naming two referees, to: 
The Assistant Director, Microbiological Research Establishment, 
Porton Down, Salisbury, Wiltshire SP4 OJG. (490) s 


UNIVERSITY OF NEWCASTLE 
UPON TYNE 
RESEARCH ASSOCIATE (BIOCHEMIST 


A Post-Doctoral Biochemist is required top 
ticipate in a three year project investigatin 
metabolism of foreign compounds by hum 


NEW ZEALAND 
UNIVERSITY OF CANTERBURY 
CHRISTCHURCH 
SENIOR LECTURERS or LECTURERS 
IN CIVIL ENGINEERING 


Applications are invited for vacancies in the 
following fields: Highway Engineering; Public eee alan n Eea A a pee 
eh Engineering; Surveying and Town Plan- and Pharmacoloiy. Commencing salary” 
cae £2,247 per annum with 
The salary for Lecturers is on a scale from P 


NZ3$7,36f to $9,339 per annum and for Senior 
Lecturers NZ$9,503 to $11,153 (bar) $11,484 to 
$12,142 per annum. 

Particulars, including information on travel and 
removal allowances, study leave, housing and 
superannuation may be obtained from the Asso- 
ciation of Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH OPF 

Applications close on October 31, 1974. | 

(461) 


Applications giving the names of two E: 
should be sent to Profesor M. 
Department of Pharmacology, The 
School, University of Newcastle upon: tyne. 
castle upon Tyne NE] 7RU, from whom. 
information may be obtained. E 






University of Edinbur gh 






CULAR BIOLOGY to work on genetic. ait 
biochemical aspects of prokaryotic molecu; 
biology. The posts are grant supported for- 
limited terms varying from two to seven + 
vears, and stauld appeal to holders of f. 
HNC., BSc., CHons.) or a Ph.D.. Salaries — 
will be on scale £1,848 to £2,163 per amum, 
Threshold payment. Applications with names T ; 
of two referees should be sent to THE PER. ee 
SONNEL OFFICER. UNIVERSITY. QF Po) > 
EDINBURGH, 63 SOUTH BRIDGE, EDIN: ae 
BURGH, EH! ILS. TELEPHONE NUMBER ; 
O31 667 1011 Ext. 4446. Please quote Re 
ference number AQIB, . (484). 





West Berkshire Health District 


MEDICAL PHYSICS 
TECHNICIAN 


required for modern Isotope Laboratory at 
the Royal Berkshire Hospital, Reading. The 
post will be en Grade IY (£1,590 to £1,953) 
or Grade V (£1,308 to £1,677), and involves 
inferesting work on the chemistry and physics 
of medical isotope techniques. 















Candidates should normally have appropriate 
O.N.C. or ‘A’ levels. Day release for further 
training may be available. 


Written applications to: 


The Hospital Secretary, 
Royal Berkshire Hospital, 
London Road, 






UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 


RESEARCH ASSOCIATE 


Applications are invited for a Research Asso- 
ciateship for up to three years under the terms 





Salary scale (under review) Grade HI 
£2,233 to £3,895 plus a cost-of-living safe- 
guard and a non-pensionable supplement 
of 43% to offset superannuation contribu- 
tions. 


_ . Further particulars and application form 
from The Secretary, The Edinburgh Schoo} 
of Agriculture, West Mains Road, Edin- 
burgh EHS 3IG. (468) 











Reading, 
Berks. 
FRAME 
which is concerned with disseminating information 
through its twice yearly Journal ATLA AB- 


STRACTS (Alternatives To Laboratory Animals) 
seeks a part-time scigntific literature searcher and 
abstractor in the London area. For further details 
write to: The Secretary, FRAME (Fund for the 
Replacement of Animals in Medica! Experiments) 
312a Worple Road, London SW20 8QU. (459) 


of an S.R.C. grant in the Low Temperatures 
Group for the experimental study of electronic. . 
properties of quasi two-dimensional metal 
compounds. Candidates should have a degre: 3 
physics and good experimental ability. i 


Salary:—~ £1,758 to £1,974 + FSSU. 


Applications (3 copies) naming 3 
should be sent to the Assistant Registrar. 8). ws 
P.O. Box 363, Birmingham B15 ZTT, 
26 1974. Please quote ref: NPS. 









SURREY 
area health authority 


West Surrey/North East Hampshire 
Health District 


DISTRICT 
PHARMACEUTICAL 
OFFICER 


(PRINCIPAL PHARMACIST 
£3,522 to £4,185 


To be responsible to the Area Pharmacist for the Hospital 
Pharmacy Service in the West Surrey/North East Hamp- 
shire Health District. The District Pharmaceutical Officer 
will be based at Frimley Park District General Hospital. 
The new department of health “best buy” hospital of 583 
beds which is opening to out-patients on August 1, 1974. 


Frimley Park Hospital is within short distance of London 
by train or road, Handy for reaching the South Coast 
Resorts and near the first class shopping facilities of 
Camberley. 


Candidates with previous hospital experience who may 
now be working in other fields will be considered. 


Application forms and job description from the District 
Administrator, West Surrey/North East Hampshire Health 
District, 3rd Floor, Abbey House, 282-292 Farnborough 
Road, Farnborough, Hants GU14 7NE. 


Closing date August 9, 1974, 
(492) 
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THE INSTITUTE OF DEVELOPMENT 
STUDIES 
















at 
University of Sussex 


BRIGHTON BNI ORE 





Two 
Research Officers 





Needed immediately to work with Michael 
Lipton on three year grain storage project 
in Rual India (Andra Pradesh) pilot project 
already completed, 






{A} Crop Storage Specialist 






(B) Agricultural Economist 


£1,761 to 
£3,378 (under review) with threshold agree- 


Salary in range 









ments and overseas allowances. 





Applications with C.V. and addresses of 
within 
(475) 


referees to Administrator Research 


uone week of publication date. 






UNIVERSITY OF OXFORD 


DEPARTMENT OF ZOOLOGY 


There is a vacancy for a research assistant to 
work on some aspects of insect neurophysiology 
with Dr. P, L. Miller for one year from October 
1974. Applicants should have a good Honours 
Degree in Zoology, Salary in accordance with 
age and experience. Applications, with names of 
two referees, to Dr. P. L. Miller, Dept of Zoo- 
logy, South Parks Road, Oxford. {4815 





UNIVERSITY OF BRISTOL 
GRADUATE RESEARCH ASSISTANT 
in the 
DEPARTMENT OF BACTERIOLOGY 
To start work in October on the role played 
hy microorganisms in the production of phero- 
mones. This three year investigation is part of 
a multidisciplinary environmental study of the 

Red Fox. 
Initial salary up to £1,686 per annum. 
Applications, preferably fram microbiologists 
having some knowledge of Organic Chemistry 
(gic) should be sent to Dr G. C, Ware. Department 
af Bacteriology. Medical School, University Walk, 
Bristol BS& ITD. (453) 





MASSEY UNIVERSITY 
Palmerston North, New Zealand 
DEPARTMENT OF SOIL SCIENCE 
POST GRADUATE RESEARCH 
ASSISTANTSHIPS 


Applications are invited from suitably qualified 
students for Post-graduate Research Asistantships 
in the Department of Soil Science, Applicants 
should have completed an Honours, or Master's 
Degree in Soil Science, Chemistry, or Micro- 
biology and be interested in enrolling for a 
Ph.D. degree in Soil Science. 

The areas of research relaie to the transforma- 
tion of nitrogen in soils, movement of nitrogen 
and phosphorus in soils as influenced by drainage 
and irrigation, and the biological availability of 
phosphorus in streams. 

The appointments are for two years initially, 
commencing October |, 1974 but extension to a 
third year is possible. No teaching duties are 


required, 
Award: NZS$2.400 per annum. (NZ$I=<SAlI 
ép 


University may be obtained from the Secretary 
General, Association of Commonwealth Universi- 
ties (Appts), 36 Gordon Square, London WCIH 
OPF, or from the Registrar of the University. 
Applications close on August 23, 1974. 
(463) 


UNIVERSITY OF LEUVEN 
PHYSIOLOGICAL LABORATORY 


REASEARCH ASSISTANT 


Applications are invited for three pre- or 
postdoctoral research assistantships. The persons 
appointed will be required to do research in 
electrophysiology and excitation-contraction- 
coupling of the heart (Prof. E. Carmeliet) or in 
renal and membrane physiology (Prof. R. Borgh- 
graef) and to do some teaching to medical stu- 
dents. The appointments will be for two years. 


Salary between BF.390.000 and 460.060 per 
anmum. 
Further information may be obtained from 


Laboratorium voor Fysiologie, Dekenstraat, 6. 
B-3000 Leuven, Belgium, to which applications 
should be sent together with a curriculum vitae 
and the names of two referees, (482) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CLINICAL 
SURGERY 


RESEARCH ASSOCIATE 


Applications are invited for a post of 
Research Associate in the above department 
io take part in a project investigating the 
relationship between biochemical para- 
meters and mammary cancer, 

Applicants should have a degree in either 
biochemistry or biology. Experience in 
biochemical techniques and 


endocrine or 
work with ®experimental animals would he 
advantageous, but not essential, 


Salary on scale rising to £2,757 with 
placement according to qualifications and 
experience. 

Applications in writing, giving full details 
of qualifications and experience, and giving 
the names and addresses of two referees, 
should be sent to Paeofessor A. P. M. 
Forrest, Department of Clinical Surgery, 
The Royal Infirmary, Edinburgh, 3. Please 
quote reference number 5638. (469) 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF SURGERY 
RESEARCH ASSISTANT 


Applications are invited from biological 
science graduates for the above post to 
work on the association of alpha macro- 
globulin with lymphocytes and its possible 
immunological significance. 

The appointment is for three years and 
the commencing salary is up to £1,659 per 
annum, according to qualifications and ex- 
perience, . 

Applications, eogether with the names of 
two referees should be submitted to Dr 
Reith James, Department of Surgery, 
University of Edinburgh Medical School, 
Teviot Place, Edinburgh, EHS SAG. Please 
quote reference number 5036. (470) 


GEOPHYSICIST 


The Lamont-Deherty Geological Obser- 
vatory of Columbia University announces 
a position with the seismology group as a 
Research Associate or Senior Research 
Associate. Candidates must have a strong 
background in seismic instrumentation and 
data analysis and will be expected to lead 
existing and initiate new programs of re- 
search involving observations of earth strain, 
tilt, and long-period seismic waves. Qualified 
candidates are invited to submit a resume 
of their qualifications, publications, names 
and addresses of three references by August 
15, 1974. (460) 





















~ UNIVERSITY OF DUNDEE 
DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 


RESEARCH ASSISTANTSHIP 


Applications are invited from University 
graduates or holders of equivalent qualifica- 
tions for a Research Assistantship in the 
Department of Pharmacology and Thera- 
peutics, located in the new Ninewells Hos- 
pital and Medical School complex, Dundee. 
The holder of this post, which is available 
immediately, will be required to provide 
a Gas-Ligquid Chromatographic Service wih- 
in the Department and to collaborate as 
required with other staff in research and 
teaching and will be afferded facilities to 
carry out his own research work on a 
part-time basis for a higher degree, 

Applicants should ideally have had ex- 
perience of gas-liquid chromatography but 
training in this will he available. 

The salary attached to the post will be 
within the range £1,311 to £2,052 depending 
on qualifications and experience, 

Applicants should apply, giving their 
qualifications, the names of two referees and 
quoting reference Est/39/74 J by August 
9, 1974 to The Secretary, The University, 
Dundee DDI 4HN, from whom further 
particulars may be obtained, (477) 























NATIONAL HEART HOSPITAL 
WESTMORELAND ST, LONDON WI! 
QUALIFIED TECHNICIAN 

OR TRAINEE 


train in operation of Heart/lung 
machine and monitoring equipment in operating 
theatre and intensive care unit. Preference given 
to graduates studying for higher degrees or 
students attending evening classes. Day release 
facilities, however, may be given. Enquiries and 
applications to Assistant House Governor, 
telephone 01-486 0824 Ext 123. (491) 


required to 





~ 


UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF BIOPHYSICS 
Applications are invited for the post of 
RESEARCH ASSISTANT 


to join a group working on the fractionation and 
crystallisation of transfer--RNA. The post is 
limited to two years, and would suit a recent 
graduate, Depending on qualifications and 
experience, the starting salary (including London 
Allowance) would be £1,746 or £1,920 till October 
1, 1974, when new national scales will be effective. 
Applicants should write (giving the names of 
two referees), to Dr N, Spencer, Department of 
Biophysics, (N) King's College, 26-29 Drury Lane, 
London WC2B SRL. {483} 


TISSUE CULTURE 
Scientific Officer 


required for work in Edinburgh on Animal 
Diseases. The appointee will be responsible 
mainly 
lymphoid tissues as 
and existing cell lines. 
experience is essential. 
a degree, H.N.C. or egui- 
£1,592 to £2,675, plus 54% 
allowance, according to 
and experience. Superannua- 
tion, Apply with names of two referees to: 
The Secretary, ARC Animal Breeding 
Research Organisation, West Mains Road, 
Edinburgh EH9 3450. (486) 


for a wide range of experiments 
involving nervous and 
primary 


cultures 
Tissue culture 
Qualifications: 
valent. Salary: 
Superannuation 
qualifications 





FELLOWSHIPS AND 
STUDENTSHIPS 


INSTITUTE OF UROLOGY 
(UNIVERSITY OF LONDON) 


in association with St. Peter's Hospitals 


Applications are invited for a Research Fellow 
(with medical and/or scientific qualifications}, in 
the grade of Lecturer (Senior Registrar status), 
for an investigation into the ultrastructure of the 


-o kidney and urinary tract epithelium. The successi 


applicant will be attached to the Electronmicros- 


<. copy Unit in the Department of Pathology, St. 


> Paors Hospital. 


À Appointment for one year in the 
~. first 


instance, subject to renewal for a further 
period of two years. Applications to the Patho- 
git ib. St. Paul’s Hospital, Endell Street, Lon- 
MEC.2. (391) > 


COLAISTE NA hOLLSCOILE GA 
(University College Galway, Ireland 


Department of Physics 


RESEARCH FELLOWSHIP—A graduate in Science or Engi 
invited to join a project on the utilisation of environment 
especially wind energy. 







The salary is £2,100 per annum and the post is tenable for af. tea 
years. 











Written applications with curriculum vitae and the names es oË tw wo. re 
should be sent to--Dr T. C. O'Connor, Department of Phys cs, Univer: 
College, Galway, from whom further particulars may be: had- $ 





















UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOLOGY 


Postgraduate Studentship 


Applications are invited for a three year research studentship sponsor 
by May and Baker Limited to study aspects of the mode of action of foliag 
applied herbicides, using radio tracer, chromatography and other technique 
The value of the award will be in line with normal postgraduate rates.. 








The successful candidate should possess a ist or upper 2nd class honou 
degree in Biology, Biochemistry or Botany, and will be required to regi 
for a higher degree of the University. 


Applications, including a curriculum vitae and the names and addresses 
of two referees, should be sent as soon as possible to Professor W: V 
Fletcher or Dr R. C. Kirkwood, Department of Biology, University 
Strathclyde, Royal College, 204 George Street, Glasgow, GI IXE. _ 


Department of Zoolo 
UNIVERSITY OF RE: 

ICI Plant Protection Research 
Jealotts Hill ~ 

Applications are invited form graduat 
biochemists for a Science Resear 


C.A.S.E. studentship to investigate. 
action of chemicals which interfere 


INSTITUTE OF UROLOGY 
(UNIVERSITY OF LONDON) 


in association with St. Peter's Hospitals 


Applications are invited for a Research Fellow 
{with medical and/or scientific qualifications}, in 
the grade of Lecturer (Senior Registrar status), 
for an investigation into the ultrastructure of the 
kidney and urinary tract epithelium. The successful 
applicant will be attached ta the Electronmicres- 


copy Unit int the Department of Pathology. St. synthesis in insects. Candidates sho 
Paul's Hospital. Appointment for one year in the giving the names of two referees, te P: 
first instance, subject to renewal for a P Williams, Department of Zoology, Un 
period of two years. Applications to the Patho- Reading, Whiteknights, Readin ; 
Jogist (N), St. Paul’s Hospital, Endell Street, Lon- = s s 

don, W.C.2. {390} 


UNIVERSITY OF SOUTHAMP 
RESEARCH FELLOW. 
IN GAMMA RAY ASTRONOMY 


Application is invited for the post of Researc 


UNIVERSITY OF NOTTINGHAM 
ALLIED BREWERIES RESEARCH 
GRANT STUDENTSHIP 1974 


Applications are invited for this studentship, 


tenable from September 1, to work under the Fellow to work on tht development of a ballo Y 
i s ae See cae borne instrument to study direction of arri 
supervision of Dr L. G. Briarty and Dr M. C. and the temporal spectral characteristics 
Pearson in the Department of Botany, School of 


gamma ray bursts. Applicants should be familiar: 
with particle counting techniques and associated 
electronic circuitry. 


The post is initially for two years, Candid 
should possess a Ph.D degree or equivalen 


Biological Sciences. The research® project is con- 
cerned with the effects of atmospheric pollution 
on selected tree species in Sherwood Forest. The 
successful candidate will be expected to register 
for a higher degree. The value of the studentship 





is equivalent to the normal Research Council fication. Salary in range £1,929 to £2,388 
Studentships. review) plus F.S S.U. 
Applications and enquiries for further details Applications including curriculum vita 
should be addressed fo the Department of Botany, the names and addresses of two referee 
University of Nottingham. University Park, Not- be sent to the Deputy Secretary’s Secti 


tingham. NG7 2RD. Closing date for applications 


University, Southampton 
Wednesday, August 7, 1974. (400) 


S09 SNH, quo 
reference number: Na261/R. a 
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AT CANTERBURY 


.pplications are invited for TWO POST-DOC- 
TORAL RESEARCH FELLOWSHIPS in SRC. 
Sponsored work on transport processes and point 

defect. structure of fluorite lattices in collabora- 
tion with Dr. A. V. Chadwick (Chemical Labora- 
tory), One appointment will be mainly involved 


with losic conductivity measurements and the 
other with pulsed neer techniques. Previous 
experience in ane of these fields, though nol 
esential is desirable. Starting salary will be 


£a FIR pa. Applications with curriculum vitae 
Wri the names of two referees should be sent to 
ihe Assistant Registrar, Chemical Laboratory The 
University. Canterbury, Kent CT2 TNH = quoting 
ref. AG4/74. Closing date August 23, 974, 
(4163 
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MONASH UNIVERSITY 
Melbourne, Australia 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL RESEARCH 
FELLOW 


Applications are invited from graduates with 
experience in synthetic organic chemistry for a 
postdoctoral Fellowship for work on the synthe- 
macrocyclic metal complexes as possible 
new dyes for wool, under the temporary Super 
Vision of Dr. David Collins, to whom further 
enquiries may be made. Appointment is initially 
well dune 30, $975 and is available for im. 
freediatve tenure. 


Salary range: $A7.910 to $49,960 per annum. 


& the Academic Registrar, Monash University. 
Wellington Road, Clayton, Victoria 2168. 


“Australia, and should give age 


referees. Applicants should quote reference Na. 
41063, 


Closing Date August 13, 1974, 


The University reserves the right to make no 
. &ppcinitient or fo appoint by invitation. 


(432) 





SUBSCRIPTION — 
REDUCED RATE OFFER 


The publishers appreciate that the 
inevitable high cost of an annual subscrip- 
tion to Nature restricts many regular 
readers to a circulation or library copy of 
the journal; these readers unfortunately do 
not enjoy the privilege of a personal copy 
to read at leisure and to keep for future 


reference. 


To help such people we are making an 
offer (for a limited period) of a twelve 
months subscription for only £15 on 
condition that application is made on and 
within the terms described on the coupon 
attached, Weregretthatforthe time being this 
offer can only be made to people with 
addresses in the U.K. and that it will be 
withdrawn on 31st October 1974. 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 
POSTDOCTORAL FELLOWSHIP 


Applications are invited for a POSTDOC.- 
TORAL FELLOWSHIP to study structural and 
molecular aspects of the surfaces of cell plasma 
membranes. The project involves the application 
Of environmentally sensitive flourescent probe 
molecules. Experience in molecular aspects of 
membrane structure and immunology and/or the 
application of fluorescence techniques to bio- 
logical problems is desirable. Fhe post is sup- 
parted by the Science Research Council. 

Applications, with curriculum vitae and two 
referees, should be sent to Dr M. G. Rumsby, 
Department of Biology. University of York, 
Heslington, York, YOL SDD, from whom further 
information is available. Please quote reference 
number 11/6024. (4133 
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UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF ZOOLOGY 
One M-.R.C. Studentship, tenable for up to 
three years from October, 1974, is available for 
a suitable candidate with a first or upper second 


class honours deyree in a relevant biological 
science to study either the pharmacology of 


amino-acid receptors ar the metabolic and sen- 
sory physiology of reptiles. Candidates would be 
expected to register for a Ph.D. degree. Written 
applications, giving details of qualifications and 
experience, and naming two referees, should be 
made immediately to Dr. PLN. R. Usherwood at 
fhe Department of Zoology, University of 


Nottingham, Nottingham NO? ZRD. marking 
the envelope MRZ. Alternatively phone Not 
tingharn S6!1G! extension 2212. {414} 
UNIVERSITY OF ESSEX 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a RESEARCH 
FELLOW to undertake an mvestigation funded 


by the Science Research Council entitled ‘Crossed 
molecular beam studies of elementary reactions’. 
Qualifications in Chemistry Physics or an En- 


gineering subiect would be appropriate. Further 
details are available from Professor I. N. Bradley, 


Department of Chemistry, University of Essex, 


Wivenhoe Park, Colchester, CO4 350. Tel 0261 
44i44 Ext 2020. (457) 


R. Alexander, 


DATE 


Limited. 


ses 
ADDRESS 


tf this experiment is successful, we 
hope to be able to repeat it and extend it P 
over a wider area. 





POSTAL CODE 





-26 1974 ~ 


_ UNIVERSITY OF KEELE 
RESEARCH FELLOWSHIP IN 
BIOCHEMISTRY 
Applications are invited for post of Research 
Fellow in Biochemistry Research Unit. The post 
is made possible by a grant from the Cancer 
Research Campaign. The appointee will join a 


team investigating the pharmacology of pinocy- 
tosis, and experience of cell culture would be 


an advantage. Salary on scale £2,318 x 129 x 168, 
with F.S.S.U. privileges. 
Enquiries and applications to 


Professor J. B. 
Liovd, Biochemistry Research 


Unit, Keele Liri- 


versity, Staffordshire, STS 3BG, ta whom appli 
cations should be sent by August 31, 1974. 
{465} 
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TORRY RESEARCH STATION 
MINISTRY OF AGRICULTURE, FISHERIES 
AND FOOD 


NERC RESEARCH STUDENTSHIP 


Applications are invited for a N. ERC. Ee 
search Studentship. Applicants should have, or 
expect io obtain, at least an upper second class 
honours degree or equivalent ur Biology or 
Microtioiogy, The research will involve an 


ecological study of bacteria mainiy from the 
aquatic environment with special reference to 


their biochemistry as an aid to their 
tion, 

Applications with two referees should be sent 
in before August 23 to the Director, Torry Re- 
search Station, 135 Abbey Road, Aberdeen, ABO 
8DG. (4675 


identifica- 





FOR SALE AND WANTED 





Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 


Tel: Folkestone 57421, (13 
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nature 


PERSONAL REDUCED RATE 
SUBSCRIPTION ORDER FORM 
(Valid only if completed before 31st October, 1 974) 


R 


P. & R. Department, 
Macmillan Journals Limited, 
4 Little Essex Street, 8 og 
London WC2R 3LF Se Fi 


Please enter me for a year’s subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 


| enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 


The address to which | wish the journal posted 
is my personal address. 


Registered No: 85998 England. Registered Office: 4 Little Essex St. London WCR 3LF 
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Marine Pollution Bulletin is published monthly and 
sets out to cover all aspects of the fight for life of lakes, 
estuaries, seas. and oceans. it includes news, com- 
ment. reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. It publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 






Recent research reports include: 
Distribution of Caesium-137 in British Coastal Waters, 
D. F. Jefferies, A. Preston and A. K. Steele. Export of 
Lead from Salt Marshes, M. Banus, |. Valiela and J. M. 
Teal. International Scope of Marine Pollution Damage, 
D. P, Tihansky. Effects of Red Mud on Marine Animals, 
R.A. A. Blackman and K. N. Wilson. Pollution Problem 
of the Golden Horn, M. Karpuzcu. 


Annual Subscription £6.00 (£7.50 USA and Canada). 
Prices applicable only to orders starting before 31 
December 1974. Payment may be made in any Cur- 
rency at the current exchange rate. Cheques should 
be made payable to Macmillan Journals Ltd., Sub- 
scription Department, Brunel Road, Basingstoke, 
Hampshire RG21 2XS, England. 





Studies in | History 
and Philosophy 
of Science 


Studies in History and Philosophy of Science is a 
quarterly journal which analyses the genesis, evolu- 
tion and logic of scientific thought. It attempts to unite 
historical and philosophicai approaches to science. 






Recent papers include: 
Maxwell’s Methodology and his application of it to 
Electromagnetism, A. P. Chalmers. The Astronomy of 
Eudoxus: Geometry or Physics?, Larry Wright. 
Conceptual Structures and Scientific Change, Garry 
Gutting. Whewell’s Theory of Scientific Language, 
Morton L. “Schagrin. Speculation in Physics: The 
theory and practice of Naturphilosophie, Barry Gower. 
Feyerabend and Galileo: the interaction of theories, 
and the reinterpretation of experience, Peter K. 
Machamer. Edited by Gerd Buchdahl, Reader in 
History and Philosophy of Science, University of 
Cambridge and Professor L. L. Laudan, Chairman, 
History and Philosophy of Science, University of 
Pittsburgh. Published by Macmillan Journals Limited. 


















Annual Subscription £8.50 (£9.50 U.S.A. and Canada). 
Prices applicable only to orders starting before 31st 
December, 1974. Payment may be made in any 
currency at the current exchange rat& Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
d4- Department, Brunel Road, Basingstoke, Hampshire 
|. RG21 2XS, England. 












e ——~ Orders with remittance sent, on approval, postpaid ~ 





CHARLES C THOMAS PUBLISHER 
VENOM DISEASES by Sherman A. Minton, Jr., Indiana 
Univ., Indianapolis, Indiana. This volume will interest: 









physicians who see envenomation as a clinical situation and: ae 
students and investigators whose interest in venoms is if ==" 


their chemistry, mode of action or evolutionary signifi- 
cance. '74, 256 pp., 63 il, 8 tables, $11.75 


ENVIRONMENT AND POLLUTIONS: Sources, Health — 
Effects, Monitoring and Control by Francis K. V. Leh, 
Univ. of California, Riverside, and Richard K. C. Lak, The 
Shell Company of the British Crown Colony of Hong Kong. | 
Various aspects of the global environmental problems are 
examined including the sources of air and water pollutants, 
the health and economic effects of air and water poilution, 
and the methods for pollution control. ’74, 308 pp., 25 il., 

7 tables, $14.75 k 


RESPONSES OF FISH TO ENVIRONMENTAL 
CHANGES. Edited by Walter Chavin, Wayne State Univ, ©- 
Detroit, Michigan. {23 Contributors) New and definitive — 


approaches to the problem of environment are created not | 
only for aquatic environment and its biota, but to the — 
solution of problems imposed by the ever-changing environ- — 
ment of man. ’73, 472 pp., 166 iL, 39 tables, $19.75 


HUMAN NUTRITION: Its Physiological, Medical and 


Social Aspects. A Series of Eighty-Two Essays (2nd Ptg.) by 
Jean Mayer, Harvard Univ., Boston, Massachusetts. One of — 
the best-known nutritionists of this era discusses the 
scientific, clinical and administrative aspects of nutrition 
and their relation to health, poverty, war and technology. 
74, 740 pp., 5 il., $12.95 


BLOOD COMPATIBLE SYNTHETIC POLYMERS: An 
Introduction by Stephen D. Bruck, National Institutes of 
Health, Bethesda, Maryland. This introductory book con- 
tributes to the development of a satisfactory dialogue. 
among physical and biological scientists, physicians and. 
engineers working in the area of blood compatible mate- 
rials. It represents an effort to bring together the diversified 
theories that are involved in the understanding of the 
interactions between synthetic polymers and blood. 73, 
142 pp., 69 iL, 14 tables, $9.75 


THE BOTANY AND CHEMISTRY OF HALLUCINOGENS 
by Richard Evans Schultes, Botanical Museum of Harvard 
Univ., Cambridge, Massachusetts, and Albert Hofmann, 
Sandoz Ltd., Basel, Switzerland. Foreword by Heinrich 
Kluver. Directed primarily toward the botany and chem- 
istry of hallucinogens, the book also considers ethnobotan- 
ical, historical, pharmacological and psychological aspects. 


773, 292 pp., 85 il., 5 tables, $14.75 


NARCOTICS AND NARCOTIC ADDICTION (4th Ed.) by 
David W. Maurer, Univ. of Louisville, Louisville, Kentucky, 
and Victor H. Vogel, California Narcotic Addict Evaluation 


Authority, Ben Lamona. The most recent findings on. ke 


narcotics, narcotic addiction and the addict are presented | 
objectively and in full detajl. ’73, 496 pp., 32 iL, $15.75 > 


301-327 EAST LAWRENCE 
SPRINGFIELD +ILLINOIS:62717 
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53 plates. XIV, 230 pages. 1974 
Loose-leaf, boxed DM 42,70* ISBN 3-540-06529-6 


Modern techniques for the preparation of mitotic cells 

of nonmammalian vertebrates permit close comparison 

of taxa in the classes: fishes, amphibia, reptiles, and 
birds. This Atlas presents karyotypes of 52 species, some 
previously published but widely scattered, and some 
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100 years ago 





THE additions to the Zoological Society’s Gardens during the 
past week include a Laughing Kingfisher (Dacelo gigantea) from 
Australia, presented by Mr, J, S. White; two Black-handed 
Spider Monkeys (Ateles melanochir} from Central America, pre- 
sented by Mr, S. W. Rix ; a Greater Sulphur-crested Cockatoo 
(Cacatua galerita) from Australia, presented by Miss S. Hooper ; 
a Tamandua Ant-eater (Tamandua tetradactyla) from South 
America, deposited ; and three Biotched Genets (Genetta tigrina), 
born in the Gardens, 

e 





From Nature, 10, 275, Aug 6, 1874. 
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Ir there is any subject that is guaranteed to generate 
boredom amongst scientists it is science policy. The 
average practitioner believes, with some justification, that 
whereas it would be most undesirable for a country to 
eschew a defence policy and leave all decisions, from 
procurement to strategy, to the soldier in the field, the 
scientist should be immune from policy constraints. 

This system, in which the majority of scientists have 
received the majority of what they asked for and have in 
general been answerable only to their own consciences 
and to a relatively genial sponsor, is beginning to crumble 
as the growth rates for expenditure on research drop 
dramatically and as the demand for accountability rises 
sharply. Within the next year or two many scientists will 
indeed discover that there is such a subject as science 
policy, and arid and irrelevant as it may have seemed in 
the past, it is science policy that will decide whether their 
project will continue to be funded. The recent publication 
of the Medical Research Council’s Annual Report 
(HMSO, 97p) is an appropriate time to look at the 
policymaking machinery in the biomedical field, and the 
report is generous in its attention to policy. The council 
is still able to say that “the ideas and interests of the 
individual scientists at the bench are the driving force 
behind science”, although it adds in the next sentence 
“there may also need to be active discouragement of 
over-populated but low priority areas”---a fairly even- 
handed way of mixing good and bad news. 


Dear Mr Turner... 


By August | you had hoped to have appointed several 
research fellows to pursue fundamental biological 
research. Instead, as everyone now knows, you came 
into conflict during the selection procedure with potential 
recipients of the awards who objected to your refusal to 
consider those who had religious beliefs of one kind or 
another. No doubt you feel sore at all this and believe 
that there are fundamental inconsistencies between 
religion and science which cannot be glossed over by 
research scientists. 


You are by no means alone in your doubts that the 
pursuits of science and religion are incompatible 
occupations: indeed I suspect that amongst businessmen 
it may be a majority view. Of course, there are many 
scientists whom you would probably happily exclude from 
your strictures—those working in agriculture, medicine, 
materials and so on are presumably exempt, but you 
would probably wish to retain thdse subjects which move 
close to the problems of man and the universe, such as 
astronomy, geology and those branches of biology that 
are concerned with the nature of life. How, you might 


say, could someone dare to contemplate an idea in these , 


fields which struck at his own personal convictions. 
As you know, there have been scientists of great 
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And yet there is something strangely and almost 
intangibly missing from the report. It is most easily seen 
in the section describing progress in research on selected 
topics. One gets the unmistakable impression that the 
Medical Research Council is the last bastion the world 
has against disease and death. The report is of course 
addressed primarily to the Secretary of State for Education 
and Science (who is told in the second paragraph of the 
transmittal that for £1.00 he can buy the councils Hand- 
book from headquarters), and as such necessarily must 
remark on the successes that government money has 
bought. Nevertheless there remains just the vaguest 
feeling throughout the policy section that this is policy 
for medical research determined by the Medical Research 
Council without mention of the fact that a quite sub- 
stantial amount of research is done by other research 
councils, by charities and trust funds, and by the 
pharmaceutical industry. Of course, excellent liaison may 


exist, although it doesn’t shine through. And it is - | 


obviously desirable to allow a multiplicity of funding _ 
sources to exist so that power does not reside solely in- 


one council, however appointed. But if it is indeed the > 


function of the MRC to promote the balanced develop- 
ment of medical and related biological research and if 
all research programmes are going to fall on harder times 


in the next year or two it would be good to know that = 
policymaking reflects the ‘mixed economy’ nature of =- 


Britain’s support of medical science. 


distinction who have held very strongly to religion and, 
one suspects, many more who have believed in some 
underlying purpose to the universe without feeling that 
they had to devote an hour to it every Sunday. Perhaps 
some were inhibited from peeping too far behind the 
scenes, although I know of none, but many more were 
positively driven on by their beliefs to understand more 
about a universe at which they marvelled. 

Furthermore successful scientists learn flexibility early 
in their training—-they cannot afford to become too 
committed to conventional wisdom because they are there 
to discover, not to reinforce. Thus they are unlikely to 
hold fast to any religious beliefs with which they know 
their research might bring them into conflict. They are 
also pragmatic and like fame as much as anyone else, so 
they are not going to stand by for the sake of religious 
beliefs whilst someone else finds a cure for cancer or a 
recipe’ for longevity. 


Most scientists would have found it extraordinarily > 


difficult from their personal experiences in the fields I 
have mentioned to categorise scientists as religious or 
otherwise from their mode of working and their approach 
to fundamental questions. You would probably have 
found the same. 































Call for biohazard legislation 


rents 





In this article Brian J. Ford argues 
that the law does not concern itself 
-sufficiently with the various hazards 
that can arise when microorganisms 
are mishandled and suggests areas 
in which legislation should be intro- 
duced. 


<= Leaat restraints and regulations are the 
bane of research workers in many 
. spheres. All of us must have felt some 


kind of annoyance at the filling In of 
forms or the signing of registers that 
have the aura of state bureaucracy, but 
¿< the justification lies in the resulting 
safety of research. If that is the case, 
it is odd that legislation covering the 
handling and use of microorganisms 
and viruses that are pathogenic to man- 
kind is virtually nonexistent. 

At the moment moves are afoot in 
Britain to make hepatitis a recognised 
industrial disease amongst hospital and 
laboratory staff, and there is in the 
United States a call for a moratorium 
on microbial genetic manipulation. 
Such piecemeal short term measures 
could be superseded by the greater con- 
trols of a generally accepted legal 
framework of safety. 

In other fields of scientific endeavour 
there are laws that regularise the use 
of potentially dangerous materials. 
Strict controls govern the use and dis- 
tribution of radioactive substances, even 
those of the lowest potency used in 
student demonstrations. Toxic chemicals 
are subject to a range of long standing 
controls including the pharmacy and 
poisons legislation, the poisons rules 
and the legal restraints on dangerous 
drugs. In the First Schedule of poisons 
appear compounds great and small, 
from TEPP to 2-methoxycarbonyl-1- 
methylvinyl-diethyl phosphate; yet there 
is no reference to the bacterial toxins 
which are considerably more dangerous 
and also, in many respects, easier to 
produce. 

In the regulations governing the sec- 
urity of the experimental animal ap- 
pear rats, mice, rabbits: even dogs and 
cats. There is no mention, however, of 
pathogens. In the world of agriculture 
there are restrictions on the handling of 
some plant pathogens of economic sig- 
nificance and on the culture of viruses 
such as foot-and-mouth, though limita- 
tions on human pathogens are absent. 

In philosophical terms the greatest 
hazard posed by the lack of controls 





over pathogens is their infectivity: 
poisons do not replicate. A technician 
who takes home an isotope may dam- 
age himself as a result, whereas a mis- 
handled culture of virulent miero- 
organisms could expose entire com- 
munities to widespread hazard. Yet 
isotopes are kept-under lock and key. 
It is a culture of pathogenic micro- 
organisms that needs no such safe- 
guard in the eyes of the law. 

Since I first published an outline of 
proposals for biohazard legislation (New 
Law Journal, 21 (S511), 823-824: 
1971) there have been several examples 
of the misuse or abuse of cultures 
pathogenic to mankind. That paper re- 
ferred to the virus of smallpox (variola) 
and the occasional accidents that occur 
when unsupervised or inexperienced 
staff come into contact with pathogens. 
Last year’s outbreak in the London 
area is a tragic illustration of the 
hazard. 

Children have recently been found 
playing with discarded culture vessels 
in the Midlands: and others were found 
to have obtained contaminated syringes 
casually discarded by a pharmaceutical 
concern In Kent. Occasionally cultures 
are wilfully misused. In the United 
States it has been reported that an 
underground group planned to immun- 
ise themselves against the effects of 
bacteria that were then to be intro- 
duced into the public water supply. and 
in Australia a culture of a meningitis 
virus was stolen (in its incubator) from 
a research laboratory. 

Examples are known where disease 
has resulted from the use of unplugged 
mouth pipettes. A recent example in 
Britain involved a supposedly non- 
bacterium ingested when 


pathogenic 


Smallpox virus particles 


es is as 
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the tip of a pipette under suction was 
momentarily withdrawn from a thin 
agar culture. Elsewhere an assistant 
handling positive sera from syphilitics 
made a similar error, but did not de- 
velop the disease. I have seen a tech- 
nician attempt to open a phial of poly- 
valent poliovirus, believing the glass 
to be scored. It was not, and the neck 
fractured and lacerated his finger. 

It had not been ascertained whether 
he was immune to polio before com- 
mencing his work with the viruses. A 
similar case concerned a girl technician 
who saw her doctor with a sore throat, 
contracted shortly after she began to 
work with diphtheria. No check had 
been made on her immunological 
status and following representations 
made by the doctor to the college de- 
partment the entire research team was 
immunised as a precaution. At a uni- 
versity zoology department, to cite 
another example, staff set up a tank for 
the rearing of water snails infected with 
bilharzia. A small child related to one 
of the staff dabbled its hand in the 
water on the morning before the para- 
sites were introduced. 

In each of these episodes some safety 
measures were subsequently introduced 
to prevent a recurrence. But retro- 
spective, custom-built regulations are 
no way to prevent accidents entirely. 
We now have a situation where safety 
codes in a laboratory tend to be based 
on the past history of accidents in the 
establishment. Biohazard law would en- 
able general safety measures to be in- 
troduced and enforced for the protec- 
tion of all. 

The literature of the past five years 
has included several examples where 
widespread hazards might have been 
involved. A form of infectious chorio- 
meningitis reportedly caused five cases | 
with three fatalities during experiments 
in the United States, and an unidenti- 
fied virus from vervet monkeys has 
been stated to have caused over 30 
cases with seven deaths despite the 
most rigorous attempts to contain the 
virus. Venezualan equine encephalitis 
is now said to be epizootic in Utah, 
having originated in biological warfare 
experiments. 

Many hazards arise from the failure 
to maintain adequate supervision in lab- 


*oratories. Junior or untrained staff may 


be given access to culture materials they 
do not understand. In some cases in- 
fected materials are disposed of by 
being poured down the same sink as 






Nature Vol. 250 August 2 1974 





The revealing lens, 19th century version. 
A William Heath etching of the 1820's 
depicts the contemporary view of 
microbiological hazards 


that used for the preparation of tea and 
coffee. 

There are interesting precedents in 
British law for the kind of proposals 
I envisage. The Factories Act 1961, 
Section 64, provides for the minister 
to extend the provisions banning eating 
in places where fumes or dangerous 
industrial dusts are produced; there is 
no mention of the far greater hazards 
that have biological origins (and, as the 
important case of Weston yv LCC (1941) 
showed, a technical institute is not a 
factory). 

The conduct of workers in labora- 
tories has an interesting precedent in the 
Agriculture (Poisonous Substances) Act 
1952. Section 1 Subsection (c) calls for 
the “abstention from eating, drinking 
and smoking in circumstances involv- 
ing the risk of poisoning” and Section 
2 Subsection 1 (b) makes it a culpable 
offence to do anything to “wilfully... 
cause risk of poisoning”. Similar pre- 
cautions with respect to microorgan- 
isms and viruses would not be hard to 
define. 

The Radioactive Substances Acts, 
1948 and 1960, define in detail the 
conditions under which radioactive 
substances should be handled, distribu- 
ted, stored and controlled. The clear 
restriction of the availability of radio- 
active materials to ‘duly qualified medi- 
cal practitioners or registered dental 
practitioners” is similar to what might 
be proposed for virulent pathogens. 
The Factories Act 1961 Section 18 
Subsection (2) refers to the avoidance 
of dangers from “scalding, corrosive 
or poisonous” materials, to which list 
the infection risk could be appended. 
Section 82 of the same Act contains 
an anomalous, isolated reference to 
bacterial hazards when it refers to ill- 
nesses caused by lead, phosphorous, 
arsenic, mercury “and anthrax” as 
notifiable conditions, without reference 
to other infections of an occupational 
origin. The widespread use of micro- 
organisms in industry, which an exten- 
tion of biological engineering will in- 
evitably entail, makes safeguards 
timely. 

Conditions of storage have been cov- 
ered in respect of phials containing 
vaccines, antibiotics and related biologi- 
> cal products under Part HI Section 5 
(i) of the Therapeutic Substances Act 
1956, which states that such containers 
must be sealed to “preclude the access 
of microorganisms” and later specifies 
the labelling of the outsides of the 








containers. A universal biohazard mark 
for glassware and other apparatus used 
to contain pathogens should be found. 
Perhaps a yellow spot or disk could be 
fused into glassware during manufac- 
ture aS a permanent warning against 
the casual use of beakers or flasks for 
the preparation of refreshments. The 
recently introduced biohazard symbol 
displayed in some laboratories, or some- 
thing like it modelled on the radiation 
sign, should be obligatory in all estab- 
lishments handling pathogens. 

Certain diseases are already notifi- 
able, of course; though it is interesting 
that an organism in one’s gall bladder 
may lead to restrictions by the health 
authorities which they would be power- 
less to impose if the organisms were 
carried, in a bottle, in one’s trouser 
pocket instead. The only substantive 
reference to microorganisms occurs in 
the Therapeutic Substances Act Part Il 
Section 4 (b) of 1956. It requires that 
separate laboratories be provided by 
licensees producing medical products 
if they “engage in the culture or man- 
ipulation of pathogenic spore-bearing 
microorganisms”. It is already recog- 
nised by this Act that pathogenic con- 
taminants must be kept out of con- 
tainers of vaccines and the like, though 
the converse possibility—that organ- 
isms allowed to escape from within 
containers may pose even greater prob- 
lems-——is not referred to. 

By far the greatest indictment of 
the current situation is the framework 
of controls within the Public Health 
Act 1936 and 1965; and the Health 
Services and Public Health Act 1968 
(as amended by Schedule 14 and para 4 
of Schedule 29 to the Local Govern- 
ment Act 1972). 

These regulations contain a host of 
strictures on those unfortunate enough 


to contract smallpox, with limitations 
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on the movement of people concerned 

and the use of library books and dust- . 
bins during an outbreak. The possi- — 
bility that restrictions should be placed 
on the in vitro virus remains ignored. 


Legislation 
specific areas: 
® li should define groups of organisms, 
such as those of high pathogenicity 
(variola, tubercle, typhoid) which are 
not normally present in the environ- 
ment but which pose problems to com- 
munities. These I have grouped as 
‘Schedule A’ pathogens. The remainder, 
including streptococci and = staphylo- 
coccl, are widespread and should be 
subject to more basic safety regulations 
in the laboratory: these would con- 
stitute ‘Schedule B’ and would alone 
be available for school and teaching 
use. 

@ The status of licensed holders of 
Schedule A organisms and viruses 
would be defined in terms of academic 
training responsibility and seniority. 
Less severe restrictions would be placed 
on laboratories classified for the culture 
of Schedule B pathogens. 

@ Standards of safety in laboratories 
would be laid down and codes of con- 
duct made mandatory. The registration 
of holders of specified pathogens would 
doubtless aid the coordination of the 
research effort, and clear sets of agreed 
criteria would apply to genetic manipu- 
lation of bacteria and viruses, and to 
the disposal of potentially hazardous 
materials. 

It is indeed unfortunate that bacteria 
and viruses are still so widely seen as 
harmful. To many of them we owe our 
very existence. Yet they confer on the 
research worker considerable respon- 
sibility when he comes to work with 
pathogens en masse. A legal code is 
now overdue for academic, practical 
and humanitarian reasons. i) 


should cover several 
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international news 





Two groups which have long been 
advocates of arms control and of 
detente between the United States and 
the Soviet Union last week condemned 
as “a counterproductive sham” the so- 
called test ban agreement which the 
beseiged Mr Nixon brought back from 
Moscow. Suggesting that the agree- 
ment will do more harm than good in 
preventing the spread of nuclear 
weapons, the two groups—-the Federa- 
tion of American Scientists (FAS) and 
the Arms Control Association——called 
on Nixon to renegotiate a more mean- 
ingful arms control measure instead of 
sending the Moscow test ban treaty to 
the Senate for ratification. 

A so-called “threshold” ban, the 
agreement would prohibit the United 
States and the Soviet Union from test- 
ing nuclear weapons with a yield 
greater than 150 kton. It is not due to 
be brought into effect until March 31, 
1976. But it does not cover so-called 
“peaceful” nuclear explosions and it is 
simply a bilateral agreement between 
the Soviet Union and the United States, 
with no provision for other countries 
to become parties to it. 

The FAS and the Arms Control 
Association believe that the treaty will 
do nothing to limit the number of 
tests conducted by both countries and 
that it will be seen as “a complete and 
cynical fraud” by countries which do 
not now possess nuclear weapons and 
which are looking to the nuclear 
powers to show some restraint in 
weapons development. In short, they 
argue that the Moscow agreement is 
worse than nothing. 

They base their condemnation of the 
measure on four chief grounds. 
® The 150 kton threshold—which is 
ten times greater than the bomb which 
devastated Hiroshima—is so ludic- 
rously high that it will allow the 
United States and the Soviet Union to 
continue testing virtually unchecked. 
Furthermore, since it will not be intro- 
duced for nearly two years, both coun- 
tries will probably carry out what the 
Arms Control Association calls an 
“orgy of intensive nuclear testing” in 
order to get some large tests in before 
the deadline. 

@® There are at least two, and possibly 
three, weapons systems which will have 
to be tested before the limitation 
comes into effect. First, a new war- 
head which is being developed for the 
Minuteman HI, with a yield of about 
400 kton, will have to be extensively 


Test ban treaty 
condemned 


by Calin Norman, Washington 
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tested. Second, a new bomb or perhaps 
an air-launched missile will have to be 
developed for the B-1 bomber. And 
finally it has been suggested that the 
missile for the new Trident submarine 
may have a yield of 200 kton; that too 
will have to be developed before the 
treaty takes effect. 

@ As for the Soviet Union, the chief 
programme which will be affected will 
be the development of MIRVs for the 
big SS-18 missile. Although according 
to some accounts testing for that device 
may already be completed. 

@ Aside from these weapons, there is 
little need for either country to conduct 
large tests—indeed, since the partial test 
ban was signed in 1963 the vast majority 
of tests have been below 150 kton-—~and 
so the FAS believes that the treaty will 
have little effect on weapons develop- 
ment. Thus seen from the viewpoint of 
non-nuclear countries, the agreement 1s 
a sham which does nothing to fulfil the 
commitment enshrined in both the 
partial test ban treaty and in the nuclear 
nonproliferation treaty to bring about a 
complete halt to weapons testing. 

Equally counterproductive as far as 
stopping the spread of nuclear weapons 
is concerned is the fact that the agree- 
ment does not cover explosions for 
peaceful purposes. Since India justified 
its recent nuclear test as a perfectly 
peaceful enterprise-—-an_ interpretation 
which has been greeted with great 
scepticism outside India~-FAS and the 
Arms Control Association believe that 
the Moscow agreement will increase 
the chances of other countries follow- 
ing India’s example. As Adrian Fisher, 
former deputy director of the Arms 
Control and Disarmament Agency, put 
it last week, the agreement “legitimises 
the Indian position” at the time when 
everybody is attacking it. 

The FAS also points out that the test 
agreement may pose severe political 
problems because of difficulties in ensur- 
ing that it is not violated. For one thing 
the treaty provides for calibration shots 
to be carried out at each country’s test 
site, but FAS notés that “we cannot 
know the yield of the Russian weapon 
from examination of seismological data 


for reconnaissance. It could be 300 kton 
instead of the stated 150 kton”. And 
for another, the same explosive force 
can give different seismological signals 
of differing strength, depending on 
where and how it ts fired. 

Finally, and perhaps most important, 
there is considerable concern that if 
this essentially meaningless agreement 
is ratified it will, in the words of the 
FAS, “sell out the efforts to reach a 
comprehensive ban” on nuclear testing 
by “retreating on policy grounds and 


taking the matter off the national 
agenda”, 

Thus FAS and the Arms Control 
Association are suggesting that the 


treaty should be renegotiated, with the 
objective of securing a complete 
embargo on nuclear tests. In any case, 
it is worth pointing out that some 37 
senators, led by Edward Kennedy, sent 
a letter to Secretary of State Henry 
Kissinger during negotiations on the 
Moscow agreement asking that a com- 
prehensive rather than a threshold 
agreement be negotiated. If they all 
stand firm in their belief that the 
Moscow agreement is meaningless in 
terms of control, they have enough 
votes to block its ratification if it is 
referred to the Senate. 

if the matter is renegotiated, what 
grounds are there for believing that the 
Soviet Union would be prepared to 
negotiate a complete test ban? Two 
statements of Chairman Brezhnev are 
being widely quoted as giving a hopeful 
indication. First, on June 14 he said 
that the Soviet Union “was prepared 
to reach agreement now with the 
United States on the limitation of 
underground nuclear tests, proceeding 
to their full termination according to 
a coordinated timetable”. And second 
he said in a speech on July 21 that “we 
would like to achieve something more 
and are prepared to go further; the 
Soviet Union is ready in particular to 
conclude an agreement on complete 
cessation of all underground tests of 
nuclear weapons”. 

It is widely assumed, however, that it 
was the Soviet negotiators who were 
most insistent in exempting peaceful 
nuclear explosions from the Moscow 
agreement, and that it could present a 
huge problem in any future negotia- 
tions. As the FAS succinctly put it, “the 
question arises of either talking the 
Soviet government out of its interest in 
peaceful uses or deriving an acceptable 
method of verification”. 


-_ 
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FoLLOWING hard on the heels of long 
awaited decisions about British nuclear 
power and ail comes the not unexpected 
news that the Maplin project for a 
‘third’ London airport is to be aban- 
doned. The decision has been made in 
the light of a reappraisal of the project 
made since the British election earlier 
this year, and comes just after the pub- 
lication of the British Airports Auth- 
ority (BAA) Annual Report 1973/74 
(HMSO, £2). 

In that report, the Chairman of the 
BAA, Nigel Foulkes, commented: 
“The financial year brought a series of 
events which reduced the BAA’s pro- 
fits, slowed down the growth rate of 
the air transport industry sharply, and 
put all long-term plans for the future 
development of our airports back into 


the melting pot”. 


What has now em- 


erged from that melting pot is evidence 
that no further main runways will be 
required to handle expected traffic at 
the four airports in the London area 


Lorp ROTHSCHILD said in 1971, a year 
after the appointment of a Central Policy 
Review Staff (CPRS) or ‘think tank’, that 
its and his success could be measured in 
terms of its survival. It had then survived 
somewhat longer than the equally novel 
Department of Economic Affairs—a 
parallel he drew—and this was despite the 
unnecessarily disruptive rumpus caused by 
the blunt instrument of the White Paper 
on the reorganisation of government 
research funding. The think-tank’s con- 
tinuation has now been officially endorsed 
by the present Labour administration and 
so tacitly subsumed as a permanent piece 
of government machinery, but Lord 
Rothschild is opting out. His successor as 
head of the CPRS is Sir Kenneth Berrill, 
a Treasury economist and former Chair- 
man of the University Grants Committee. 

The virtue of the original think-tank 
(whatever its shortcomings) was that it was 
Lord Rothschild ‘writ large’. The fifteen 
or so bright young men that formed its 
analytical staff were all of his personal 
choosing. He was not, nor ever could be, 
a conditioned civil servant. His independ- 
ent means removed him from the servitude 
of security in presenting his opinions— 
though he has questioned the relevance of 
this. His background lay in demanding 
fields of observational science and experi- 
ment, his foreground in multinational 
industrial research planning in his 10 years 
as research director of Shell Chemicals. 
All the indications are that however 
strange the advice proffered by Lord 
Rothschild’s think-tank it was genuinely 
independent. The change can only 
mean a reduction in the role of science in 
government, especially as the post of Chief 
Scientific Adviser has also lost status 
recently. Does the government really want 
informed, independent pacing of its 


Maplin project 
abandoned 


(Heathrow, Gatwick, Stansted and 
Luton) before 1990. With the noise 
nuisance now likely to be lower than 
forecast by the Roskill Commission 
(thanks to the advent of quiet wide- 
bodied jets) there is no need for a new 
airport at least until that time. 

Capacity at both the principal Lon- 
don airports would have to be increased 
whether or not the Maplin project went 
ahead, the Secretary of State for Trade, 
Mr Peter Shore, told the House of 
Commons on July 17. The growth en- 
visaged is from a capacity to handle 
20 million passengers a year to 38 mil- 
lion in the case of Heathrow, and from 
the present 6 million passengers a year 
to 16 million for Gatwick. 

If air traffic expands so that even this 
capacity is insufficient to meet the 
demand, various possibilities will be 





Last of the great 
independents? 


performance ‘within the system’? 

Two years ago Lord Rothschild assessed 
the importance of the CPRS as follows: 
“Regional policy is the most intractable 
problem we have been faced with, but the 
most difficult and important is this analysis 
of the government’s strategy”. Perhaps 
today he would reassess the relative 
intractability of the subjects under study. 

In general the subjects which the Cabinet 
has referred to the CPRS are confidential 
—-as are the recommendations made. But 
it is known that apart from government 
research funding, inflation and energy it 
has studied Concorde, the British com- 
puter industry, the Post Cffice giro, 
whether there is an optimum population 
level for the nation, multinational com- 
panies and the bane of all governments, 
regional policy. 

The think-tank h&s, under various cir- 
cumstances, published three of its ‘thinks’. 
There was (and is) the redistribution of 




















open to the ae ee the mid- 1980: 
Stansted, which has been referred to a 
the “expansion chamber” of the exist 
ing British airport system, must onc 
again seem oe on. sored ‘list for fut , 





long term there is still a possibility. of | ; 
developing airports as far away as | | 
Prestwick and Edinburgh. With- the 
higher speed rail links which would be 
possible by the 1990s, such a diversion ae 
might then have more appeal. 2 
Whatever happens in the long term, a 
in the present atmosphere of uncer 2 
tainty about air traffic and with gen 
economic stringency, many wil 
doubt, echo the words of Mr 
Moonman, Member of Parliament. fo : 
Basildon: “To save £650 million is a 
good afternoon’s work”. 








government research funds which threw. 
Lord Rothschild himself into public prom- 
inence and is still somewhat controversial. 
He has continued to maintain that. befor 
the White Paper’s adoption “the organisa- 
tion of government science was wrong” 
but has subsequently admitted “the only 
real regret I have is that I did not explain 
the customer/contractor principle. I didn’t 
explain it because I thought it self evident. 
But it evidently was not so.” If he had, this - 
would have made the report three times as 
long but perhaps “some of the scientists 
would have been less hostile”. ae 

The study on population has also been 
published and most recently the think- 
tank’s long gestated views on energy were- 
drilled out of the government machine by- 
the Secretary of State for Energy, Mr Eric- 
Varley. Nonetheless the think-tank pub- 
lished first and its emphatic reliance on > 
saving energy rather than flirting with = 
alternative energy sources was firmly >o 
lodged in the Department of Energy's: 
paper which appeared a fortnight later. 
Particularly appealing features of the 
CPRS’s Energy Conservation were the 
emphasis on an industrialists’ ‘annual 
energy audit’ the possibility of saving sub- 
stantially on electric light bulbs and the 
criticisms of large, fast uneconomic private 
cars. It would be a fitting memorial to 
Lord Rothschild’s quirky reign in White- 
hall if he could get public acceptance of a 
slow, small economical battery-driven 
urban runabout. 

In the meantime, it seems that the 
CPRS is being downgraded with Roths- 
child’s departure. Mr Wilson has already 
appomted a parallel unit of about eight _ 
advisers, currently untitled, but effectively 
an economics think-tank within No. 10 | 
Downing Street itself headed by Dr 
Bernard Donoghue. 
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Those babies 
still pose problems 


by Miranda Robertson 

Ir has not been entirely clear from 
press reports over the past two weeks 
that no child in the immediately fore- 
seéable future is likely to have been in 
any sense a test tube baby. The most 
that is contemplated is the occasional 
emergence—-in the traditional manner, 
from a woman-——of a baby which spent 
its first few days as a fertilised ovum in 
a Petri dish (test tubes are not used for 
this kind of thing). That much is in 
principle quite possible and even desir- 
able, although there are good reasons 
for supposing, In spite of claims at the 
recent British Medical Association 
meeting in Hull, that it may not yet 
have happened. 

Scepticism about Professor Bevis’s 
announcement could only be abolished 
by the publication of a technique which 
proved more successful than those 
already reported. The existence of three 
children, even if they were born to 
couples who had taken part in artificial 
inovulation trials, cannot vindicate the 
claim: where the wife is the egg donor 
and the husband the sperm donor, there 
is no way of telling whether the baby 
developed from the reimplanted egg, or 
whether it was naturally conceived in 
the course of the experiment, as can 
sometimes happen with presumed in- 
fertile couples. 

The transfer of eggs fertilised outside 
the body into the uterus to complete 
development is already routine in 
laboratory animals used in genetic and 
developmental research. It is somewhat 
trickier to get eggs from humans than 
it is from mice or rabbits, but even so 
the techniques for obtaining viable 
fertilised human ova, developed over 
the past few years in Britain by Mr 
Patrick Steptoe of the Oldham and 
District General Hospital, and Dr 
Robert G. Edwards, of the University 
of Cambridge, are now extremely 
reliable. The problems which have pre- 
vented the animal success from being 
extended to humans lie not within the 
embryo but with the reproductive 
physiology of the mother in whose 
uterus the embryo must be able to 
implant. 

It is not particularly surprising that 
the fourteen egg transfers so far 
reported by Mr Steptoe have failed. 
Even in mice, the failure rate for im- 
plantation of transferred eggs is some- 
thing like 50%. There is every reason 
to suppose that some proportion of all 
fertilised eggs in normal women fail 
to implant and are flushed out, un- 
noticed, with the next menstual flow. 
Patients whose infertility is an indication 
for artificial inovulation are not normal 
women. The blocked oviducts which 


makes the procedure necessary are 
likely to be the consequence of disease 
which may have had other effects on 
the reproductive apparatus. The very 
procedure of injecting the fertilised 
ovum into the womb may initiate con- 


tractions which militate against im- 
plantation. 
Finally, the hormonal interaction 


between the mother and the embryo is 


both critical and ill understood. In 
order to control the timing of re- 


implantation of the ovum, the woman’s 
cycle is induced artificially with 
hormones, and this may result in endo- 
crine deficiencies which could account 
for the failures. Nor is it clear what is 
the optional point at which reimplanta- 
tion should be attempted. 

Clearly, it is only a matter of time 
before someone produces a baby which 
began its life in laboratory glassware. 
That is a realistic and human goal 
according to Dr Edwards: “To give a 
couple their own child obviously needs 
no justification” and fears about the 
possible biological hazards and social 
implications of the technique seem on 
the whole unwarranted. 

The misgivings voiced by the Medical 
Research Council on the abnormalities 
in embryos fertilised in vitro do not 
seem to be substantiated by the con- 
siderable body of data on animals 
(Nature, 244, 333; 1973). The essential 
point is that the embryo before im- 
plantation is undifferentiated and thus 
almost impervious to injury. If enough 
cells are killed during the manipula- 
tions, the embryo dies. If it does not die, 
the cells regulate to produce a normal 
organism. There is a slight danger of 
triploidy if the ovum is fertilised by 
more than one sperm, but this can be 
avoided by proper control of the num- 
ber of sperm used to fertilise one egg. 

Most of the social, legal and ethical 
issues raised in connection with fertilis- 
ation in vitro differ little from those 
which arise in connection with artificial 
insemination or with adoption. The 
more horrendous imaginings of deter- 
mined doomwatchers can probably be 
dismissed under the general proposition 
that it does not follow that once a 
thing is feasible it will necessarily or 
even probably be turned to undesirable 
ends. 

These arguments, both on the feasi- 
bility and on the desirability of the 
technology for growing embryos in 
vitro, apply only to preimplantation 
development. The human uterus is still 
irreplaceable between six days and 24 
weeks of °gestation, which includes the 
most critical developmental period— 
that of differentation, when the foetus 
is at its most susceptible to teratogenic 


influences. Not only are the problems 


inherent in the cre&tion of an artificial 
womb during this period enormous, but 
none of the stated aims of current 
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research on human embryos in vitro 
would be served by it. The immediate 
aims as seen by Mr Steptoe are to over- 
come infertility in the 2% of couples in 
which it is caused by blocked oviducts, 
to control sex-linked disease by select- 
ing fertilised eggs of one sex only for 
reimplantation, to investigate the causes 
of abnormality in preimplantation 
embyros, and to test male contraceptive 
drugs which can only be evaluated on 
the basis of their ability to prevent 
sperm from fertilising eggs. None of 
these goals would be advanced by the 
development at vast expense of an 
elaborate surrogate uterus. Not only 
does Mr Steptoe see no medical justi- 
fication for carrying development in 
vitro further than the first few days, but 
the danger of abnormalities in the 
foetus does become serious once differ- 
entiation begins. m 


Crisis in 
science education 


from Peter Lindon 

AN unhappy conjunction of two events 
was the origin of a conference on The 
Crisis in Engineering and Science Edu- 
cation in the West held at The Uni- 
versity of Manchester Institute of 
Science and Technology (UMIST) on 
July 16 and 17. The two events in 
question were the 150th anniversary of 
the Institute and the decline in appli- 
cations for science and engineering in 
the universities. l 

A sense of gloom and impending dis- 
aster was created from the beginning 
as Lord Bowden the Principal of 
UMIST predicted bankruptcy within 
18 months for universities in the ab- 
sence of any change in government 
policies. With student applications 
having dramatically fallen, and classes 
containing an ever increasing propor- 
tion of foreign students he wondered 
where the engineers and scientists to 
drive our essential industries would be 
coming from. The mechanism of man- 
power supply and demand seemed to 
be seriously at fault. From the time a 
child made decisions affecting the fut- 
ure direction of his studies until the 
time when he qualified, some 8-10 
years had elapsed: a lag which must 
be an inherent cause of instability in 
recruitment to industry and enrolment 
at universities. It is precisely at the 
time when the need for scientists is 
greatest that the numbers and quality 
of science school teachers are eroded, 
the children become disillusioned with 
their experience of science in the 
schools. and the manpower supply is 
shut off. 

Some contributors did not consider 
this mechanistic explanation sufficient. 
The social influences upon student 
choice were also important and Sir 
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A DETAILED analysis of the surface 
waters of the Eastern Baltic and the Gulf 
of Finland has now provided a theoretical 
basis for an experiment begun with field 
trials in 1969—-the use of these water 
masses as a source of irrigation. 

The first trials took place on the island 
of Mukku (Estonian SSR). The irrigated 
land yielded the “hoped-for” results, and 
in the spring of 1970 the research pro- 
gramme was started by the Irrigation 
Section of the V.L Lenin All-Union 
Academy of Agricultural Sciences. A 
systematic study was made of the salinity 
and mineral content of the coastal waters 
of northern and western Estonia and of 
the Khitumaa and Sarremaa. In all, 63 
coastal ‘points’ were tested, samples 
being taken from depths of 50 cm to 1 m. 
In all, 664 specimens of water were 
analysed. 

According to the report published in 
Pravda (July 25, 1974), the average 
salinity for the area was 1.5-2.0 g I 
(“almost fit for drinking’—a not sur- 
prising result, since the low salinity of 
the Baltic is a well known phenomenon, 
particularly as regards the 30-50 cm and 
50-60 cm layers). Also in 1970, field tests 


Frederick Dainton, chairman of the 
University Grants Commission, re- 
ferred to the ahenation from science 
caused by its unacceptable relationship 
with power (often misused), and its 
lack of concern for people. The ex- 
ploitation of science in the military 
context and the connection between in- 
dustrialisation and pollution were cited 
as examples. Sir Frederick believed that 
science should be taught in the universi- 
ties as a humanity: not as an instru- 
ment of control over the environment, 
but as a subject of interest for enquiring 
minds. 

It was reassuring to find that Britain 
is not alone in experiencing difficulties, 
the most frequently recurring theme 
being the effects of inflation which mili- 
tate so strongly against educational 
interests. Relief from the prevailing 
atmosphere of doom was given by Dr 
W. B. Lewis in describing changes in 
science at Canadian universities. Here, 
one felt, was a country with security 
in its possession of large natural re- 
sources and confidence in its future. 
Despite earlier predictions that the 
need for scientists would decline, the 
numbers of graduates and PhDs had 
increased enormously in 1973 and all 
were now in relevant employment. 
Asked what had made such changes 
nossible, Dr Lewis stressed the prime 
importance of cheap energy which in® 
Canada was not simply derived from 
hydroelectric sources. The advanced 
energy programme was capable of pro- 
ducing electricity even more cheaply 


Sea water 
for irrigation 


by our Soviet Correspondent 
were begun on three collective farms 
having contrasting soils (sandy, arigil- 
laceous and soddy-calcareous), using 
crops of perennial grass, barley, potatoes, 
swedes, early and late cabbage, table 
beet, cucumbers and so on. During the 
four years of the tests, good results have 
been obtained with pasture grasses, 
barley and a number of vegetables. Sub- 
sequent soil tests indicated the intro- 
duction of “a fairly considerable quan- 
tity” of dissolved mineral salts into the 
soil; in particular, after one summer of 
irrigation with sea water, the sodium 
content of the arable soil of the “Lin- 
namyae’”’ state farm (of soddy-calcareous 
type) rose from 4-10 mg per 100 g soil 
to 30 mg per 100 g soil. In 1971-73. 
further tests were carried out to deter- 
mine the effect of the increased salinity 
on the soil microflora. 

According to the Pravda report, which 
is signed by no less a person than 
O. Valing, Chairman of the State Com- 


than from water power. 

Dr J. B. Adams of CRN believed the 
qualities required of graduates were 
job flexibility and the abilities to plan, 
budget and acquire new technologies. 
He praised the breadth of approach 
found in general applied physics de- 
grees and made the interesting obser- 
vation that 40% of the engineers in 
his organisation were in fact physics 
graduates. The point was taken up by 
Professor H. B. G, Casimir, the Presi- 
dent of the Royal Netherlands Acad- 
emy of Sciences and Letters who 
believed that the only purpose of spec- 
jlalisation was to inculate the ability 
to specialise; the specific subject was 
only of secondary importance. The 
three year degree in England was too 
short to make specialisation within it 
a sound proposition and he suggested 
that industry in this country should 
be prepared to recruit far more PhDs. 

Sir Frederick Dainton also had some 
harsh things to say about specialisation 
in the first degree. A curriculum based 
on professional requirements was the 
easy way out for university teachers 
who were subject specialists themselves. 
Yet the factual and professional con- 
tent of a degree was ephemeral. What 
was needed was the abilit? to think 
logically and transmit ideas clearly. 
Science should be taught in a spirit of 
enquiry and more time should be de- 
voted by faculty to reflective consid- 
eration of their Subjects and the de- 
velopment of discovery-based learning 
techniques, instead of trivial research. 
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mittee of the Council of Ministers of the 


Estonian SSR on Land Reclamation and — ae a 


Water Economy, the results indicate. 
that, “with a proper choice of crops and | 
agricultural technology”, the use of sea 
water in irrigation can prove an 
important adjunct to Estonian agricul- 
ture. Yet some facts, which he calls 
“curious” seem to indicate the need for 
caution in assessing the nutritional 





- aspects of these results. Thus barley 


grows taller and gives a heavier grain | 
yield, when grown on sea water, but the 
protein content is “somewhat” lower. In- 
the case of cabbage and beet, the sugar- 
content of the sea water crop is higher. 
And the presentation of the report in 
Pravda, on page 2, which is normally 
reserved for “party” news (science 
reports normally are found on page 3 or | 
page 6) would suggest that the original | 


decision to use sea water might wellhave | 
been of political, rather than scientific, | = 


origin. When one recalls the disastrous 
effect on Soviet agriculture, and Soviet 
science as a whole, of another such 
political decision--Lysenkoism-—one 
can only await future news from the 
fields of Estonia with a certain caution. 


Crisis is Greek for decision. Predict- 
ably the conference did not produce 
one, though it did illuminate some of 
the underlying problems of university 
science. With issues of such complexity 
and gravity one wished the organisers 
had provided more opportunity for 
discussion in smaller groups. Half-hour 
discussions with 450 people all facing 
in the same direction rarely produce 
anything of substance. And what of 
the school-teachers, invited in large 
numbers yet unrepresented by speakers? 
They work amongst shifting sands; the 
science departments get poorer recruit- 
ment every year and the competition 
from what they see as undemanding 
soft options gets fiercer. At a time when 
even previously highly selective uni- 
versity departments are touting for 
undergraduates in the schools they 
needed some guidance on whether to 
try and stimulate schoolchildren to 
take up science or steer them away 
from it. None of the speakers, one felt, 
took this section of the audience very 
seriously. 

What did emerge was the funda- 
mental need to recover the ability 
to plan in the long term. Only in this 
way can there be orderly development 
and the maintaining of morale. Infla- 
tion has negated planning, and if it 
cannot be cured we must at least learn 
to live with it more successfully. Mean- 
while we seem confined to the world 
of Kafka’s aphorism: “There is an end 
but no way: what we call the way is 
shilly-shallying’’. 





kindness that were so 
-of Blackett and which lasted unabated 
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Patrick Blackett... 


an appreciation by Sir Edward Bullard 


PATRICK BLACKETT, who died on July 
13, was I suppose, the most versatile 
and the best loved physicist of his 
generation. His achievement was also 
without rival. Few of his friends had 
seen much of him during the past two 
years, but the sense of loss is, for me 
at any rate, unique. When J. J. Thom- 
son and Rutherford died, it was sad 
and it was the end of an era, but their 
work was done and they had not, in 
the same degree, the wide ranging 
interest or the personal concern or 
characteristic 


into old age. 

Blackett was born in November 1897, 
the son of a stockbroker. At an early 
age he went to the Royal Naval College 
at Osborne and then to Dartmouth and 
to sea at the beginning of the 1914-18 
war. 

After the war he was sent to Cam- 
bridge by the Navy and soon decided 
that he did not want to return to the 
service. He once told me how, after 
this difficult decision, he felt as if a 
great weight had been lifted. He had 
all his life, a great affection for the 
Navy and a liking for an active life, 
but he felt he needed a wider field and 
one where the conventions as to what 
it was suitable to say and do were 
less restrictive, 

I do not know exactly how he trans- 
formed himself from a naval officer 
to a research worker in the Cavendish, 
there is no mention in Who's Who 
of his taking a BA. He never attempted 
to take a PhD and when teased about 
accepting a peerage, replied that at 
any rate he had remained Mr Blackett 
until after he retired (this was not 
strictly true as he had a large number 
of honorary doctorates). He soon ob- 
tained striking results in the Cavendish 
planning of the postwar development 
of an automatic cloud chamber. C. T. R. 
Wilson, who first devised the cloud 
chamber before the war, was a slow- 
working perfectionist; Blackett was 
willing to take tens of thousands of 
photographs of hundreds of thousands 
of tracks if the problem needed that 
many. In 1925 he succeeded in photo- 
graphing the emission of a proton from 
“N in a collision with an a particle. 
These famous photographs have 
adorned almost every text book of nu- 
clear physics for the past fifty years. 

The work with the cloud chamber 
led to the discovery of the positive 
electron in 1933 and to the study of 
cosmic rays by a counter-controlled 
chamber. This work brought out Black- 
ett’s remarkable facility in instrument 





design. He could use physical theory 
to design a piece of equipment and 
then draw it, make it and get it to 
work. | have known nobody who pos- 
sessed this combination of talents in 
the degree that he did. It is a major 
theme in his scientific work and can 
be seen in the bomb-sight he designed 
at Farnborough and in the magneto- 
meter which he and his students used 
so effectively in the 1950s. 

He was not entirely at ease in 
Cambridge or in the Cavendish. He 
felt that Rutherford gave a dispropor- 
tionate share of support and funds to 
Kapitza and, perhaps, that his own 
left wing politics did not fit well in 
the still feudal-Victorian environment 
of Cambridge. He left for Birkbeck 
College in 1933, where he continued 
his work on cosmic rays, and then 
moved to Manchester in 1937. At this 
time he became involved in the con- 
troversies concerning the air defence 
of Great Britain and the relative im- 
portance of radar and other methods 
of detection. As a member of Tizard’s 
Air Defence Committee he played an 
important part in ensuring that the 
essential stations were working when 
they were needed in 1940. 

Soon after the outbreak of war he 
was at Farnborough: from there he 
moved to Coastal Command. There, 
and later®*at the Admiralty, he and 
E. J. Wiliams essentially invented 
operational research. He thought of 
it as the study of what actually happens 
as opposed to what is supposed or 
desired to happen. "It was work that 
suited him; it involved not only in- 
telligence and ingenuity but firmness, 
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persuasiveness and a commanding per- 
sonality. The effect on the U-boat war 
was of great importance. 

In the course of his work at the 
Admiralty he became convinced of the 
ineffectiveness of the area bombing of 
cities. After the war this argument be- 
came connected with questions of 
nuclear strategy. He, perhaps unwisely, 
said that the idea of winning a war by 
the wholesale destruction of cities and 
the slaughter of civilians was an Anglo- 
American innovation and was not 
shared by the Germans or the Rus- 
sians. This argument culminated in his 
arrest by a sheriff in some city in the 
Southern United States where his plane 
had made a refuelling stop on the way 
from Mexico to Canada (the sheriff was 
very civil and took him to his own 
house and not to jail). 

In the last four months of the war 
Blackett became deeply involved in the 
planning of the postwar development 
of science, the rapidity of the subse- 
quent development is in large measure 
due to him. He returned to Manchester 
in 1945 and started on a completely new 
line of work. He investigated a possible 
relation between rotation and mag- 
netisation and, when this failed as a 
theory of the Earth’s magnetic field, 
turned to the study of rock magnetism. 
The part that this work played in the 
modern developments of geological 
theory cannot be described here. 

In the Attlee administration he was 
regarded as too far to the left to be an 
acceptable advisor or member of the 
government. In Mr Wilson’s first 
administration he played a large part in 
the setting up and conduct of the 
Ministry of Technology. He was a 
member of many official and unofficial 
committees, his work as Chairman of 
the Council of the Department of Scien- 
tific and Industrial Research (DSIR) in 


for the support of science in the uni- 
versities. 

The last time I saw Blackett I 
remarked that his portrait at the Royal 
Society made him look very serious. He 
replied: “But I am a very serious man”. 
He was; he minded about the things he 
considered important, he thought 
deeply about them and held his views 
firmly. This could have made him tire- 
some and a bore, but it didn’t: he was 
wonderfully intelligent, charming, fun 
to be with, dignified and handsome. 
There was no one like him. He had 
every kind of honour; the Presidency of 
the Royal Society, a Nobel Prize, a 
peerage, all the medals and honorary 
doctorates a man could ask for, mem- 
bership of the American, French and 


ê Russian Academies and many more. To 


add to all this he was married to one 
of the most delightful women in the 
world who did much to prevent him 
from becoming too serious. 
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correspondence 





Academics in Chile 


Sirn,—As signatories with other col- 
leagues of a letter on academic life in 
Chile (Nature, May 29) we feel it 
necessary to comment on Dr Eyza- 
guirre’s answer which appeared in the 
issue of July 5. 

Dr Eyzaguirre says our letter was 
inaccurate, although he concedes that 
academic people were killed or perse- 
cuted because of “actively” opposing 
the military junta or because of “‘de- 
nunciation by neighbours or col- 
leagues”. We would like to point out 
the omissions and inaccuracies we find 
in Dr Eyzaguirre’s letter. 

(1) Dr Eyzaguirre depicts Dr Allende, 
the legally elected president of Chile, 
as a “corrupt” politician whose govern- 
ment was responsible for “chaos and 
anarchy”. He omits to say however, 
that Dr Allende’s government strictly 
respected freedom of speech and of the 
press and that nobody was killed, im- 
prisoned or persecuted because of his 
ideas. Another omission concerns Dr 
Allende’s respect for the independence 
of the university, exemplified by the 
election as Rector of the University of 
Chile of Professor Boeninger, well 
known to be an opponent of the gov- 
ernment. 

(2) Dr Eyzaguirre’s eulogy of the 
military coup (“the military struck with 
vigour’) is shocking. He admits that 
some “unpleasant”? excesses were com- 
mitted. But nothing is said about the 
killings in the working class quarters 
(poblaciones), the hunting of the 
foreigners, the tortures and the shoot- 
ings at the stadiums, and the ‘purifi- 
cation’ of the libraries followed by 
bonfires of ‘forbidden’ books. The 
authenticity of these events is not in 
doubt since they have been repeatedly 
denounced by non-Marxist organisat- 
ions including Amnesty International, 
the World Council of Churches and the 
Conference of Chilean Catholic Bishops. 

(3) The comparison that Dr Eyza- 
guirre draws between the nomination 
of military chiefs as university rectors 
in Chile, with the nomination, for ex- 
ample, of General Eisenhower as Presi- 
dent of Columbia University would be 
funny if it were not so sad. In the 
second case, the university chose to 
honour an outstanding military and 
political personality, whereas in the firs 
a military group was imposed on the 
university to ensure the rigid political 
control of the faculty and the students. 

(4) Dr Eyzaguirre states that ‘“‘whole- 


sale executions of faculty and scientists 
have not occurred” and that ‘very few 
fell either immediately after the coup 
because, allegedly, were caught either 
shooting at soldiers, carrying arms or 
actively participating in the organisa- 
tion of revolutionary activities”. Some 
examples may illustrate the inaccuracy 
of such statement. Professors Ramirez 
and Pefia, after being sentenced by the 
military to only two months in prison, 
were shot in the city of La Serena. 
Leopoldo Benitez, an architect, of the 
Catholic University and Victor Jara, a 
musician, of the Technological Uni- 
versity were assassinated in cold blood 
at the Stadium Chile. Enrique Paris and 
Luis Sanguinetti of the University of 
Chile at Santiago and Michael Wood- 
ward, of Valparaiso, died while being 
tortured. More than ten medical doc- 
tors were shot by the junta. 

(5) Dr Eyzaguirre takes as an example 
of the university situation the Catho- 
lic University, where no student has 
been expelled. He says that Admiral 
Swett Madge, the new Rector, was 
nominated with the approval of Car- 
dinal Silva Enriquez. He omits to say 
that the previous Rector, Professor 
Fernando Castillo Velazco, also ap- 
proved by the Cardinal, was dismissed 
by the junta, had his house ransacked 
and decided to leave Chile. Dr Eyza- 
guirre also states that only 3.5% of 
the Faculty was dismissed by the Rec- 
tor on political grounds. He omits to 
say that at least four institutes (among 
them the Institute of Economic History 
and the CEREN, a centre for Chilean 
studies) were dismantled and all their 
members dismissed. He also neglects to 
say that Father Mauricio Hebert and 
six other professors were expelled from 
the country. 

Moreover the Catholic University 
enrols only 10° of the student popula- 
tion. Dr Eyzaguirre does not quote the 
number of faculty members dismissed 
at the University of Chile. He only tells 
us that the only students expelled (no 
figure is given here either) were those 
with unsatisfactory academic records. 
It is difficult to accept, for instance, 
that more than half (141 out of 254) 
of the first-year students in the science 
school, who were not alldWed to re- 
register, were agitators or professional 
politicians. A final remark is neces- 
sary. When we signed the letter to 
Nature asking for help for the jobless 
university teachers, and teachers who 
were persecuted by the junta or who 
refused to work under a totalitarian 


regime, we did not state or imply that 
the scientists or academics who decided 
to stay in Chile (among them many res- 
pected friends) were fascists. Dr Eyza- 
guirre says that they are “labouring 
under difficult circumstances which are 
mainly economic’. We think that. this 


is an understatement in view of the... — 
present lack of freedom and disrespect o 
of the human rights. It is because of 


this that we find it so unfair that Dr 
Eyzaguirre should dub those who left 
Chile as “‘gauchistes de salon’, in parti- 
cular because many of them still have 
families in Chile and are therefore 
unable to answer him publicly. 
Yours faithfully, 

H. M. GERSCHENFELD 

J. P. CHANGEUX 
Paris, France 


Algae as fuel 


Sir,—A few words may be in order 
about planktonic algae cultivation as a 


means of harnessing solar energy, 
which was not mentioned in your 
Energy Review (Nature, June 21, 
1974). 


Algal cultivation has many advant- 
ages over plant cultivation. Whereas 
land for afforestation is becoming 
scarce, vast areas of lagoons and in- 
land lakes are available for algal culti- 
vation. About 1% of sunlight that falls 
on an area is absorbed by the plants 
growing there, but sunlight can diffuse 
through water down to a few hundred 
feet and so more than 1% of the sun- 
light can ultimately be absorbed by 
algae in water. Algae can grow in a 
variety of aquatic environments and 
there will be added advantages if sew- 
age is added to the medium because 
the oxygen liberated by algal photo- 
synthesis can be used by the bacteria 
in the medium to break down the 
organic matter in the sewage. 

Also algae multiply fast. In large 
experimental ponds yields as high as 
36 tons of algae per acre of pond per 
year have been achieved, compared 
with the yield of about 1 ton per acre 
of dry organic matter which plants 
yield. Thus a lake of 100 square miles 
can yield more than 2,000,000 tons of 
algae per year, which can be used as 
fuel in conventional thermal power 
stations. 

Yours faithfully, 
N. UMAKANTHA 
Karnatak University, 
Dharwar, India 
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Symmetry in recognition 
sites for proteins 


WHEN nucleotide sequence analysis on RNA was beginning 
to gather momentum in 1965, such endeavours with even 
the simplest of DNA molecules were limited to preliminary 
skirmishes from a few optimists; but it was at this time that 
Bernardi entertained a model for the interaction of spleen 
DNase with its substrate which is now widely invoked for 
the reaction of many proteins with DNA. From the nature 
ofthe 3’ termini of the products generated by this enzyme, 
which contained two identical polypeptide chains, Bernardi 
(Adv, Enzym., 31, 13; 1968) proposed that the subunits of 
the enzyme are associated about an axis of two-fold rotat- 
ional symmetry. Thus alignment of this axis with a cor- 
responding axis between two opposed ~G-C~ pairs in a 
DNA duplex ensured that a catalytic site on each enzyme 
subunit is appropriately positioned to make equivalent 
breaks in each polynucleotide chain to leave -Gp. 

Interactions based on this type of model proved very 
attractive for the more complex nucleotide sequences 
found at the positions of breakage of DNA by certain 
restriction enzymes. Following the demonstration by Kelly 
and Smith (J. molec. biol., 51, 393: 1970) that nucleotide 
sequences at the sites of breakage of DNA by a restriction 
enzyme (comprising four subunits) from Haemophilus 
influenzae were bisected by an axis of two-fold rotational 
symmetry, such rotationally symmetrical sequences, or 
palindromes as they are termed in some quarters, have been 
found at the interaction sites for several restriction and 
modification enzymes: the recognition sequences so far 
determined are tetra, penta, or hexanucleotides, becoming 
degenerate thereafter. 

One would anticipate that some of the more important 
control functions would require larger nucleotide sequences 
to ensure their unique recognition. It was therefore of 
interest to note that in the first of the larger recognition 
sequences to be determined, that of the interaction site for 
the A ter system, that is, the enzyme generating mature 
DNA molecules from a concatenated replicative inter- 
mediate form (Weigel, Englund, Murray and Old, Proc. 
natn. Acad. Sci. U.S.A., 70, 1151; 1973), rotational sym- 
metry was again apparent, but this time the base pairs that 
were symmetrically arranged about the axis were not in 
continuous sequence, but showed a broken, or hyphenated 
symmetry. The lac operator provided a further, and rather 
more complex, example of a sequence of nucleotides with 
a discontinuous symmetry about an axis through a base 
pair rather than between two pairs, a feature of one of the 
recognition sites of the restriction enzyme (Gilbert and 
Maxam, Proc. natn. Acad. Sci. U.S.A., 70, 3587; 1973). 

Recent and current work on the structure of DNA in 
areas concerned with the control of gene expresion is 
providing more examples of structures of this sort, and a 
fascinating picture is emerging of the rather complex way 
in which the macromolecules may interact. Detailed study 
of regulation in phage A has been made possible by exploit- 
ing the extensive background of genetics with this phage 
and the availability of many deletion and mutant strains. 
Expression of early genes in A begins with transcription 


from two promoters, Pr and Pr, located astride the 
immunity region. Interaction of RNA polymerase with 
these promoters is prevented by interaction of the A 
repressor, the C; gene product, with the relevant operators, 
O; and Oy». Maniatis and Ptashne (Proc. natn. Acad. Sci. 
U.S.A., 70, 1531; 1973) recently showed this to be a rather 
complex reaction involving at each promoter the stepwise 
addition of repressor molecules to six reiterated binding sites 
which were similar but not identical in nucleotide sequence. 
These sites, S; to Ss at the two operators, ran in opposite 
directions towards the Cr gene on the map of the A chromo- 
some. Other promoters mediate the expression of genes in- 
volved in late functions and yet another promoter dictates 
synthesis of repressor during the consolidation of lysogeny. 
The various promoters are accurately located on the map of 
the A chromosome. This enabled Allet and Solem (J. molec. 
Biol., 85, 475: 1974), through a comparative analysis (by 
gel electrophoresis) of the fragments obtained by digestion 
of DNA from A and a variety of deletion strains with several 
restriction endonucleases, to isolate fragments of DNA 
containing only one promoter; this work considerably en- 
hances opportunities for biochemical studies of transcrip- 
tion in vitro. 

Of more immediate interest, however, was their observa- 
tion, made also by Maurer, Maniatis and Ptashne (Nature, 
249, 221; 1974), that DNA from the mutants sexi and 
sex3 which are defective in the left promoters, PL, when 
digested with restriction endonuclease R.HindIl did not 
give the fragments that had been shown to result from 
breakage within OL, the left operator, but instead gave a 
larger fragment equivalent in size to the two missing frag- 
ments. A corresponding mutant, x13, inactivating the right 
promoter, Px, did not, however, affect the action of 
R.HindIf at its site located within Ox. Both groups of 
workers then showed that the sites for R.HindIl located 
within both OL and Or were protected from digestion by 
the binding of RNA polymerase, which established that 
operator and promoter sequences are identical or over- 
lapping. 

The occurrence of the R.HindI] recognition sequence, 


been exploited by Maniatis, Ptashne, Barrell and Donelson, 
(see page 394 of this issue of Nature) for determination of 
a Significant piece of nucleotide sequence in this important 
area of the A DNA molecule. The R.HindIl fragments 
flanking the break point in Oi, which occurs between sites 
S; and S, are about 320 nucleotides long to the left and 
about 1,125 nucleotides long to the right. The longer of 
these two fragments was prepared in quantity (using gel 
electrophoresis), denatured, and then annealed to equi- 
molar quantities of the purified /-strand of 4 DNA. This 
gave a molecule that was both a primer and template for 
polymerase reactions, so that the 3’ terminus of the 
annealed strand of 1,125 fragment could be extended by 
condensation of nucleoside 5’-triphosphates with DNA 
polymerase. Using Berg’s adaptation of this reaction to sub- 
stitute incorporation of a ribonucleotide for one of the 
deoxyribonucleotides, Maniatis er af. made products with 
rC or rG substituted (in separate reactions) to facilitate 
analysis of “P-labelled extensions of the 1,125 fragment. 


* Analysis of the products of these syntheses were simplified 


by first cleaving with the HindIl restriction enzyme and 
fractionation of the mixture of oligonucleotides (which had 
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a common 5° terminus but varied in their 3’ terminus 
because of asynchronous synthesis) by the homochromoto- 
graphic methods exploited so well by Sanger and his col- 
leagues. Further cleavage of these oligonucleotides with 
pancreatic or ribonuclease Ti, followed by fractionation of 
the products and analysis of them by partial exonuclease 
digestion (to give further products that could be identified 
from their behaviour on two-dimensional fractionation 
systems), finally led to the proposal of a sequence of 59 
nucleotides from the HindIl site in O; which extends into 
the region of N gene transcription. Since this sequence 
originated at the HindH site within OL which is protected by 
RNA polymerase binding, it limits the distance separating 
bound RNA polymerase from the T-A-G with which N 
gene transcription begins to 33 base pairs and so reinforces 
the challenge to the suggestion made two years ago that the 
left promoter and start of transcription are appreciably 
separated. 

Within this region of 33 base pairs to the left of the 
Hindl site are three axes of two-fold rotational symmetry 
each involving hyphenated distribution of the symmetrically 
arranged 14 to 16 bases. All three blocks of symmetrical 
sequence seem to lie within the region covered by the 
repressor and it is intriguing to contemplate that these 
interdigitating symmetries are the recognition sequences for 
different regulatory proteins (including the tof (or cro) gene 
product to regulate leftward transcription). One can only 
agree with the authors that analysis of the structure of the 
remaining sites in the operators and localisation of regulat- 
Ory mutations should provide a clearer understanding of 
the significance of these symmetries. 

Of no less interest will be the elucidation of the structure 
of other promoters (in addition to that of the phage fd 
promoters determined recently by Seeburg and Schaller), 


Sitting in a hot seat 


THE spectacular nature of volcanic eruptions has long 
attracted scientific observers. As far back as 79 ap Pliny 
documented the eruption of Vesuvius and the accompany- 
ing destruction of Pompeii and Herculaneum, and by the 
beginning of this century, when Frank Perret was travel- 
ling the world compiling a chronicle of volcanic eruptions, 
voleanology had become well established as a science. 

Today, there are volcanic observatories in a large 
number of places throughout the world. Many, including 
those on Vesuvius, and in Japan, Hawaii and Soufriére 
in the West Indies, use extremely sophisticated techni- 
ques. Seismic networks record tell-tale cycles of seismic 
activity, and geodetic measurements involve the use of 
lasers to detect the dilations of a volcano, which 
presage serious eruptions. 

Volcanologists are not confined to predicting the onset 
of eruptions. By taking records during eruptions they 
can determine the source and nature of a lava, which 
often enables them to anticipate how a particular volcano 
is likely to behave during future periods of activity. The 
prognosis may be of use to communities who wish to 
prepare as best they can for likely contingencies. In that 
respect, the measurement of such parameters as the 
viscosity, effusion rates and temperature of a lava, and 
the detailed chemical and mineralogical analyses are all 
important. On page 385 of this edition of Nature an 
Anglo-Italian team of volcanologists report their observa- 
tions of a recent eruption of Mount Etna in Sicily. 

Most volcanologists are quick to admit that, unfortu- 
nately, there is very little that can be done to safeguard 
livelihoods and property. On Hawaii, always threatened 
by mobile basaltic magmas, there have been attempts to 
















because Allet Roberts Gesteland and Solem (Natu: 
217; 1974) have shown that the HindIl recognition seq 
occurs in several, but not all, promoters in phages A a 
as well as in the mammalian viruses SV40 and ad 
Extension of the work on the /ac operator (Gilbert, M 
and Maxam, Cold Spring Harb. Symp. quant. Biol., 38 
1973) has now identified the position of several mutatio 
in this sequence and these occur in both symmetrical and 
We anne arranged bases. With this system (and: 
others) analyses of the regions of the enzyme involved in 
the interaction will also be relevant to the meaning of o — 
symmetry and here, production of active lac repressors that 
are covalently fused to -galactosidase (Miiller-Hill ando 
Kania, Nature, 249, 561; 1974) will help to define necessary ae 
regions of the repressor. Detailed analysis of the -arabinose 
operon, which is under positive control, is also in prospect. 
following the recent studies of araC protein binding to the 
ara operator by Wilcox, Clemetson, Cleary and Engles 
(J. molec. Biol., 85, 589, 1974). Much remains to interesi 
those who do not believe that prokaryotic molecular biol 
is finished. From a correspond 


Russian cosmology 


Ir has been a recurring preoccupation among cosmologists 
to establish connections between the microscopie 
macroscopic of the Universe. Eddington attempted to 
discover a fundamental relationship between atomic and- 
cosmological systems, and other workers still continue to- 
pursue this possibility. Among these workers is the nuclear 
physicist Andrei Sakharov, the same individual who has 
recently achieved world renown as a leading Soviet dissident. 
Sakharov and his colleagues, notably the eminent astros- 





chill advancing lavas, but these measures usually prove f 
to be ineffective. The Hawaiians have, however, success- — 
fully diverted lava from its course with bombs; but else- 
where, in densely populated areas, that action may be a 
palliative which merely shifts the problem from one 
community to another. 3 
There are few precautions that can be taken against f- 
the threat of ash falls, as evidenced on Heimaey in Ice- 
land in 1973. Then, during the eruption of Eldfell, homes 
and land were completely blankéted by vast volumes of 
ash within a few days. And against the worst type of 
volcanic hazard—nuées ardentes—there is absolutely © |. 
nothing that can be done. Nuées ardentes are hot |. 
avalanches of loose, explosive lava lubricated by con- f} 
Stantly expanding gases and vapours. Because of their | 
internal energy, they sweep down the flanks of volcanoes — 
with tremendous speed, often flowing uphill and across - 
barriers, burning all in their paths. In 1902 a nuée 
ardente swept down Mont Pele, on Martinique, and, 
within the space of a few minutes, annihilated the 30,000 
inhabitants of the port of St Pierre. z 
Inevitably, volcanoes still retain many unknown charac“: 
teristics, and continue to behave unpredictably. Volcano- 
logists on Vesuvius are becoming ‘very worried”, That 
volcano has a long history of particularly unpleasant 
eruptions, and all of the indications are that it should 
have erupted at least twice during the past 30 years or 
so. Geodetic measurements show that the flanks of 
Vesuvigis are bulging to an alarming degree. Evidently, 
the Vesuvian volcanologists could do worse than con- | 
sider their own counsel. They might also be wise to bear — 
in mind recent events on Etna—in 1971 the volcanic | 
observatory on that mountain was among the first. 
obstacles to be swept away before the advancing lava] 
ALLAN PIPER 
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physicist Zeldovich, have been de- 
veloping a theory which attempts to 
link the phenomenon of gravitation, 
which governs the motion of large 
scale systems, with the quantum struc- 
ture of the vacuum (Dokl. Akad. 
Nauk S.S.S.R., 771, 70; 1967). 

The modern quantum field theorist 
has a conception of a vacuum which 
differs greatly from that implied by the 
popular usage of the word. The absence 
of particles does not mean just ‘empty 
space’. Rather one must imagine a con- 
tinual interchange of energy between 
different forms, as ‘virtual’ particles of 
all types appear and disappear in tran- 
sient fluctuations of incredibly short 
duration. The origin of this vacuum 
energy is analogous to the energy which 
prevents the electrons in an atom from 
collapsing into the nucleus. 

Also in gravitation theory, empty 
space is rich with structure. The pres- 
ence of a gravitational field is inter- 
preted in the general theory of relativity 
as a curvature of space, that is, a 
distortion of the geometry. The stron- 
ger the gravitational field, the more 
the space geometry becomes dis- 
torted. The precise amount of distortion 
produced by a given gravitating mass 
(for example the Sun) is determined by 
the value of Newton’s gravitational 
constant G. Although this value may be 
measured, it has long been a dream 
among physicists that Newton’s con- 
stant might be derived in some way, or 
connected in a relationship with other, 
perhaps microscopic, constants of 
nature, 

Sakharov has proposed a derivation of 
G based on an analogy between the 
vacuum and an elastic medium. In the 
same way that distorting the shape of 
a piece of rubber leads to a change in 
its internal energy so, Sakharov argues, 
a distortion of empty space by a gravi- 
tating mass leads to a change in the 
energy of the vacuum, as interpreted 
by quantum field theory. G may then be 
calculated as an ‘elastic constant of 
space’ from the theory of elementary 
particles. The expression for G given 
by Sakharov contains an unknown mass 
which corresponds to the heaviest 
allowed element particle. To get the 
right value for G, this mass must be 
about 107° g, or 10° times as heavy as 
the proton! 

Whatever the merits of this parti- 
cular piece of work, the idea of appeal- 
ing to elementary particle physics and 
quantum field theory in investgations 
of large gravitating systems is a fas- 
cinating one which is occupying the 
attention of other Soviet scientists at 
this time. Zeldovich had previously ex- 
plored a possible connection between 
the quantum fluctations of the vacuum 
and the existence of a cosmological 
constant in Einstein’s field equations of 
general relativity. A recent paper 


(Phys. Lert., 50B, 340-342; 1974) by 
Kobsarey, Okun and Zeldovich presents 
new work in the same spirit. This time, 
these authors turn their attention to 
the subject of symmetry breaking in 
elementary particle physics. It is well 
known that certain elementary particle 
processes violate the so-called CP sym- 
metry; that is, symmetry under charge 
reversal and space (mirror) reflection. 
The Russians have applied a simple 
model due to T. D. Lee for CP violation 
to the subject of cosmology. The 
essence of their article is that, because 
of CP violation the vacuum acquires 
a domain structure loosely similar to 
that of a ferromagnet, adjacent domains 
differing by the sign of the CP violation. 
These domains form during the early 
Stages (at about 10° s) of the hot big- 
bang at the beginning of the Universe, 
and arise (at random) because of the 
existence of causally separated regions 
which always occur in this type of 
model universe. Roughly speaking, each 
domain wants to form with the same 
sign of CP violation throughout, but it 
cannot know the sign in adjacent 
domains. As the universe expands, so 
do the domains. 

The behaviour of a universe filled 
with such domains is drastically differ- 
ent from the conventional models. The 
authors consider the dynamics of the 
system to be dominated by the be- 
haviour of the domain walls, which 
are in a state of tension, and have the 
peculiar equation p=--2/3 © connect- 
ing the pressure p and the energy den- 
sity £ This relation leads to a model 
universe which expands like ¢, that is, 
accelerates to unlimited expansion, 
even in the case of the cosmological 
constant being zero, in contrast to the 
conventional models of this class which 
always decelerate as they expand. 

As the authors point out, such a 
rapid expansion is not really consistent 
with present density observations of the 
Universe. More seriously, the gravita- 
tional field of the domain walls would 
be likely to destroy the observed iso- 
tropy of the cosmic microwave back- 
ground radiation. For this reason, it 
is suggested that a mechanism must 
exist for removing the domain walls 
after about 10° s. One possible such 
mechanism would be to connect the 
sign of CP violation with the expansion 
of the Universe, perhaps along the lines 
of the work by Ne'eman (Int. J. theor. 
Phys., 3, 1: 1970). 

It is hard to know how seriously cos- 
mological models of this type should be 
taken. Ag a general principle, how- 
ever, it is important to appreciate that 
as accelerating machines become ever 
more expensive to build, the testing of 
theories in elementary particle physics 
by constructing cosmological models is 
becoming progressively more attractive. 

P. C. W. Davies 
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Floating on high 


from dJ. Sutton 


SEEN from the air—a journey between 
Glasgow and London on a fine day 
provides the opportunity—the moun- 
tainous Lake District contrasts strik- 
ingly with the surrounding subdued 
landscape. This contrast has its roots in 
a long geological history which Bott 
has recently investigated (J. geol. Soc. 
Lond., 130, 309-331: 1974), 

The Lake District, like many other 
areas of high ground in Britain, is 
underlain by Palaeozoic metamorphic 
rocks; the surrounding lower ground is 
underlain by younger rocks, though 
these too rest on a buried Palaeozoic 
basement. This situation, a deep 
Palaeozoic basement below a younger 
cover, can be matched elsewhere in and 
around Britain—below the Cheshire 
Plain for example. 

During the past 250 million years, 
much of the crust of the British Isles 
has been broken into a mosaic of 
blocks some tens of kilometres across. 
Some of these have moved upwards, 
and others have gone down. Why 
should this be? That is a question 
which Bott has made his speciality in 
recent years. He has already shown 
that south-west England and the north- 
ern Pennines are underlain by granites 
which are larger than their surface 
exposures alone suggest. He has now 
demonstrated that the Lake District 1s 
in the same condition. Bott has estab- 
lished that the Lake District is marked 
by a belt of relatively low Bouguer 
anomalies; in other words, some rock 
near the surface is unusually light com- 
pared with its neighbours. Particularly 
low gravity values occur over the 
isolated granites which reach the sur- 
face at Eskdale, Shap and Skiddaw. 
Bott attributes the anomaly to a con- 
cealed granite, connecting these out- 
crops at depth, and extending for some 
80 km, at least as far east as Weardale. 
The granite lies high in the crust, it is 
suggested, within the top 10 km, and 
thus forms another example of a high 


level Caledonian intrusion—it was 
intruded in early Devonian times, 


nearly 400 Myr ago. 

These results bear on two distinct, 
but related, geological questions. In the 
first place the work brings out the posi- 
tion of outline of another Caledonian 
granite, adding to the number known 
already in north-west Britain. As 
Shackleton pointed out in the discus- 
sion of the article, the nature of the 
upper surface of the Lakeland granite 
presents a problem. Why is it that the- 
levels to which the granite rose were 
rather uniform over quite a wide area? 
As more geophysical evidence on the 
shape and depth of other buried 
Palaeozoic granites comes to hand this 
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Sketch map showing the inferred distribution of unexposed and exposed granite 
beneath north-west England. The map shows the roof and wall regions of the 


postulated Lake District batholith, 


the main granite ridges being indicated by the 


gravity anomalies and the postulated connection to the Weardale granite (from Bott, 


J. geol. Soc. Lond., 130, 319; 
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problem might become better under- 
stood. 

Such information will help with the 
second question—does the distribution 
of low density granities, high in the 
crust, play a critical part in determin- 
ing which blocks of Palaeozoic crust 
act as bouyant upward-moving blocks 
and which subside to be buried by 
sediments? So much of the wealth of 
this country in the form of coal or oil 
is present in sedimentary basins formed 
since Carboniferous times above a 
Palaeozoic floor, that an understanding 
of this.question would have a practical 
is well as an academic value. 

Bott shows that in the Lake District 
the density contrast between the 
granite and the country rocks would 
cause a gravity deficiency of magnitude 
1x 10"g, and finds that this is of the 
same order as the total mass of the 
Lake District rocks above sea level, 
which he computes as 1.49 x 10". 
These calculations support the hypo- 
thesis which Bott has already applied 
at Dartmoor and in the Northern Pen- 
nines, which proposes that low density 

p granites high in the crust can account 
= for blocks of elevated country. Therg 
is good stratigraphical evidence that 
the mountainous block seen in the 
Lake District today, has been rising 
and shedding detritus at least since the 
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Carboniferous. In other words, what 
is now the Lake District has been 
bouyant since the time the granite was 
intruded. An interesting experiment 
now would be to attempt to find out 
whether the depressed portions of 
Palaeozoic crust which underlie sedi- 
mentary basins lack low density intru- 
sions, Such a discovery would give 
further support to Bott's hypothesis. 


Radar mapping 
of the Moon 


from David W. Hughes 


Way bother to look at the Moon with 
radar? The answer is quite simple. 
Whereas Earth-based telescopes can, 
with the best conditions of optical view- 
ing, give a lunar surface resolution of a 
few hundred metres, returned radar 
echoes can yield the distribution of 
objects with sizes around the radar 
wavelength-—typically in the 4-150 cm 
region. This degree of fine resolution 
can also be obtained usingeorbital and 
lunar surface photographic techniques 
but only at considerable expense. 
Now a resolution of I are s can be 
obtained at optical wavelengths, even 
using small telegcopes. Using simple 
radar with currently available aerial 
beamwidths, and straightforward 
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radar window is limited by the absorp- 
tion by water and oxygen molecules in 
the Earth’s atmosphere; 70 cm is in the 
centre of this window, and 3.8 cm 1s 
close to the edge. The 3.8 cm observa- 
tions had a resolution of 2 km, and the 
70 em observations had an aerial resolu- 
tion of 25 km’, which is twenty times 
better than previous results. The results 
were obtained by Pettengill, Zisk and 
Catuna at the Haystack Observatory, 
Massachusetts Institute of Technology 
and by Thompson at the National 
Astronomy and Tonosphere Centre, 
Arecibo, Puerto Rico. 

By comparing radar maps with 
Lunar Orbiter photographs of the same 
area three basic radar features can be 
distinguished. They are well defined, 
named craters, very small un-named 
eraters and, finally, radar anomalies 
with no apparent optical counterpart. 
There seems to be an anomalously 
strong radar return from small craters, 
which is not necessarily correlated with 
their apparent size or optical albedo. 

The authors conclude that the 
craters which give large echoes are 
young, with sharp contours and steep 
inner slopes. The rough inner surfaces 
are tilted steeply towards the Earth- 
based radar, leading to depolarisation of 
the returned signal. These craters also 
have excess rock populations caused by 
the excavation of large quantities of 
bedrock during formation and sub- 
sequent depositions around the crater in 
a strew field many kilometres across. 
Meteoric erosion slowly removes the 
hallow, grinds the rock into fine grain 
debris and produces a shallow subdued 
topography, thus reducing the echo 
strength to the average lunar value. 
Most of the enhanced echo craters are 
thought to be Copernican in age. It is 
concluded that spallation of rocks 
caused by impacts with sufficient energy 
to fracture centimetre sized and larger 
rocks, is a common lunar phenomenon. 

One radar anomaly found in the 
Kepler region is thought to be formed 
by a large clod of material which was 
thrown out with the ray material when 
Kepler was formed. The 70 cm data, 
with the help of ‘ground truth’ observa- 
tions at Apollo landing sites, has en- 
abled the percentage roughness of the 
lunar surface to be calculated. 

Not only are the youngest craters on 
the Moon strong radar scatterers; they 
also have enhanced eclipse temperatures 
(that is infrared anomalies—elevated 
temperatures which certain areas main- 
tain during the umbral phase of an 
eclipse). Correlations between radar and 
infrared maps show that these ‘hot 
spots’ can be explained by the thermal 
behaviour of surface rocks, provided 
these are 10 cm or larger in size and 
are greater in number on the surface 
than at the Surveyor | and 3 landing 
sites. 





Analysts celebrate 


from T. S$. West 


THe celebrations of the centenary of 
the Society for Analytical Chemistry 
which were held from July 16 to 19, 
began with a special ‘historical’ meet- 
ing at the Royal Institution in London 
at which fraternal greetings from 30 
kindred societies were presented—most 
of them from overseas. The scrolls and 
presentations are now on display for 
6 months at the special exhibition 
“You and Your Analytical Chemist” 
at the Science Museum in South 
Kensington. 

Sir Alan Hodgkin, president of the 
Royal Society, described the founding 


of the SAC on August 7, 1874 in the - 


City Terminus Hotel, Cannon Street 
and traced the events that had been 
set in motion by the actions of Profes- 
sor Theophilus Redwood and his group 
on that day. The society, which had 
formerly existed as The Society of 
Public Analysts (1874-1907), then as 
The Society of Public Analysts and 
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Other Analytical Chemists (1907-1953), 
had a membership of 2,000 in 1972 
when it had undertaken a joint role 
with the new amalgamated Chemical! 
Society as the kernel of the Chemical 
Society’s Analytical Division with a 
membership, in 1974, of 5,000. 

Dr G. W. C. Milner, the centennial 
president of the SAC, highlighted some 
of the events of the past hundred years 
and looked forward to the future. The 
society, with only 2,000 members in its 
hundredth year obviously stood at the 
crossroads and was faced with a deci- 
sion to continue, as before, indepen- 
dently or to amalgamate fully with 
three other British sister chemical 
societies (the former Chemical Society, 
The Faraday Society and the Royal 
Institute of Chemistry) and become the 
Analytical Division of the (new) 
Chemical Society. The presence of 
more than 3,000 additional ‘first choice’ 
members in the Analytical Division of 
the Chemical Society had influenced 
the council’s decision to recommend 
full unification to the members at a 
referendum to be held later this year. 





Nitrogen aggregates in diamond 


from John Walker 

Ir has been known for many years 
that some diamonds contain pre- 
cipitates (‘platelets’) on (100) crystal 
planes which give rise to anomalous 
features (‘spikes’) in Laue X-ray 
photographs. When Kaiser and Bond 
(Phys. Rev., 115, 857: 1959) found 
by mass spectrometry that these 
diamonds also contained large quan- 
tities of nitrogen impurity, it was 
natural to assume that it was con- 
tained in the platelets. Shortly after- 
wards, in 1962, the platelets were 
observed in transmission electron 
microscopy. Everything fitted and 
everybody was happy. 

Six years later Sobolev er al. (Sov. 
Phys. Doklady, 12, 665; 1968) upset 
the applecart by discovering that the 
X-ray spikes did not correlate with 
the total nitrogen content of 
diamonds, which meant that the 
platelets contained little if any 
nitrogen. This raises two questions. 
Of what are the platelets made and 
where is the nitrogen? The first 
question was and is still open, but 
the second could be partially 
answered. Electron microscopy can 
detect features only a few Ang- 
stroms in diameter, and since none 
had be@n observed the nitrogen 
aggregates must be very small— 
effectively point defects. This de- 
duction has now been confirmed by 
Turk and Klemens (Phys. Rev. B, 9, 
4422; 1974) using®* thermal conduc- 
tivity. 


Any imperfections in a crystal 
scatter the phonons (lattice vibra- 
tions) and decrease its thermal con- 
ductivity. The amount of scattering 
depends on how big the scattering 
centres are relative to the phonon 
wavelength, and since that changes 
with temperature, so does the scat- 
tering. Hence the variation of 
thermal conductivity with tempera- 
ture contains information on the size 
and concentration of defects in a 
crystal. What Turk and Klemens 
have done is to calculate the scatter- 
ing effect of platelets and point 
defects, and fit their results to the 
experimental thermal conductivity 
data of other workers. They deduce 
for one diamond that only 3% of 
the nitrogen it contains is in plate- 
lets: the rest is in small clusters of 
eight nitrogen atoms. They have 
therefore confirmed the conclusions 
of Sobolev et al. using a totally 
different technique, and the eight- 
atom cluster would probably be too 
small to see in the electron micro- 
scope, as was expected. 

One would now hope that Turk 
and Klemens could extend their 
work to many more specimens: for 
example infrared and visible spec- 
troscopy suggests that there are not 
one but at least three types of small 
nitrogen cluster (the so-called N3, 
A and B defects) in some diamonds. 
It would be interesting to see if they 
could be distinguished and their sizes 
measured. 
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Hierarchy of 
behaviours in a 
gastropod 


from Marian Dawkins 

Animal Behaviour Correspondent 
ANIMALS in their natural environments 
are often exposed to mixed, even con- 
tradictory sensory inputs. It may be 
impossible for an animal to react to 
all these inputs at once, as the be- 
haviours involved may actually be 
mutually incompatible; for example, 
an animal cannot both approach and 
withdraw from an object at the same 
time. One of the interesting features of 
the evolution of the behaviour of ani- 
mals has therefore been the develop- 
ment of a system of priorities whereby 
these conflicts are resolved in such, a 
way that the survival and reproduction 
of the animal is most likely. This often 
takes the form of animals in conflict 
Situations performing certain behavi- 
oural responses to the partial or com- 
plete exclusion of others, and in this 
sense the animals can be said to have 
a hierarchy of behaviours. 

Marine molluscs such as Pleuro- 
branchaea have already proved to be 
extremely fruitful material for under- 
Standing the neurophysiological bases 
of many behaviours and it is therefore 
promising for the discovery of the 
neural basis of such a behavioural 
priority system that their behaviour 
has been found to be organised into 
an explicit priority sequence, Davis, 
Mpitsos and Pinneo (J. comp. Physiol., 
90, 207-224; 225-243: 1974) have 
found that in this species, which is 
a carnivorous gastropod, feeding is a 
relatively dominant behaviour and 
takes precedence over most other be- 
haviours. They presented animals with 
stimuli which released two different 
behaviours: in one experiment they 
gave a food stimulus to animals which 
had been turned upside down. Instead 
of showing their usual almost immedi- 
ate righting behaviour, the animals 
stayed on their backs and ate, often 
for up to an hour. Feeding also domin- 
ated head withdrawal and mating, and 
Davis ef al. argue that the adaptive 
significance of this is that Pleuro- 
branchaea is a carnivore with a spora- 
dic and rather limited food supply 
and so opportunities for feeding being 
rather scarce, feeding requires immedi- 
ate and decisive interruption of all 
other behaviours. 

Interestingly, there are some situa- 
tions in which feeding is not given 
top priority. Davis er al. found that 
this behaviour is hormonally suppressed 
during egg laying; presumably this is 
an adaptation to ensure that the ani- 
mals do not eat their own eggs. Even 
higher in the hierarchy than egg laying 


is the escape swimming response to 
avoid predators. This can interrupt 
any other behavioural act and so en- 
sures that the animals survive to per- 
form their other behaviours at times 
when no danger threatens. 

The organisation of behaviours into 
hierarchies of adaptive priorities, 
Davis et al. suggest, may be a unifying 
theme for a diversity of complex be- 
havioural phenomena in many animals, 
and to have discovered one in a 
mollusc with a simple analysable ner- 
vous system encourages the analysis of 
this phenomenon at the level of the 
single nerve cell. 


Can partons 
be saved? 


from David J. Miller 
THE most eagerly anticipated parts of 
the International Conference on High 
Energy Physics, held in London during 
the first ten days of July, were the 
sessions devoted to electron—positron 
annihilation. Most delegates had al- 
ready heard of the surprising results 
obtained by physicists at Stanford 
California, and at Cambridge Massa- 
chusets, concerning the rate of pro- 
duction of strongly interacting particles 
(hadrons). The conference gave the 
Stanford group a chance to report their 
results in detail, and to be closely cross- 
questioned about them. It also gave 
theorists their first chance to try and 
explain what had been discovered. 
The Stanford and Cambridge experi- 
ments involved the storage of electron 
and positron beams of up to 2.6 GeV. 
The stored beams were brought to- 
gether, twice per circuit in the Stan- 
ford SPEAR ring, and allowed to make 
head-on collisions. There was an array 
of scintillation counters and spark 
chambers around each intersection 
region, and it was possible to recognise 
whether outgoing charged tracks were 
caused by electrons, muons or hadrons. 
Electrons produce characteristic show- 
ers when they pass through dense 
material; hadrons are totally absorbed 
by a foot or so of steel, because of their 
strong interactions; muons are more 
penetrating than any other charged 
particles. The American results con- 
firmed findings, at Frascati in Italy, 


Orsay in France and at Novosibirsk in 


Russia, that electron—positron scatter- 
ing has all the properties predicted for 
it by the well established theory of 
quantum-electrodynamics. Elastic scat- 
tering. the production of muon pairs 
and the production of photon pairs all 
behaved exactly according to theory. 
The surprise came in the rate of 
hadron productién. Up to a beam 
energy of about 1.5 GeV at Frascati, 
this rate falls off in the same way as 
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the production of muon pairs. But in - 
going from a total electron-positron 
energy of 3 GeV (that is 1.5 GeV k 
electrons plus 1.5 GeV positrons, © 
meeting head on) to the 5.2 GeV avail- 
able at Stanford and Cambridge, the 


rate of hadron production levelled off a 
and stayed roughly constant. This is | 
not a contradiction of quantum electro- > 


dynamics, but it is very surprising. x 
Theorists had been quite happy with — 
the behaviour of hadron production 


at the lower energies. They had com- 


pared it with muon production, and 
worked out a theory in which the. 
electron and positron annihilated by. 


first of all creating a massive single 
photon. This process is formally just | 
the reverse of electron—positron pair 
production by 4 photon close to anes 
atomic nucleus. The heavy photon _ 
could then generate a muon pair, one 
positive and one negative, or it might _ 
generate a ‘parton’ pair in just the = 


same way. Partons are hypothetical 


objects which are supposed to be the 
building blocks from which the hadrons 
are made—just as the hadrons them- — 
selves are the building blocks for 


nuclei. , 
The parton theories have been sup- 
ported by a number of recent experi- 
ments where leptons (electrons, muons 
or neutrinos) are scattered from 
nucleons (protons or neutrons, free or 
in nuclei). These so called deep 
inelastic scattering experiments have | 


been done with electrons at a number = 


of laboratories, including Stanford, and 
with neutrinos in 
bubble chamber at CERN, Geneva. — 
The results are in some ways similar 
to Geiger and Marsden’s alpha particle 
scattering experiment, which led 
Rutherford in 1911 to postulate a 
small point nucleus in each atom. The 


angular distribution in deep inelastic — a 
lepton scattering from a proton is just 


what would be expected if protons had 
very small constituents. There is even 
evidence to suggest that these consti- 
tuents or partons may have the same 
charge and spin as the quarks, which 
were postulated in 1973 by Gell-Mann 
and Zweig to explain the regularities 
in the spectrum of the resonances of 
the strongly interacting particles. The 
quarks are the most intuitively straight- 
forward way of building up hadrons 
which fit into the ‘SUGY symmetry 
scheme. 

In ‘parton pair production’, by a 
single photon from electron—positron 
annihilation, it was suggested that the 
partons would first be produced, and 
would then ‘clothe’ themselves with _ 
other partons, spontaneously generated. 
frorh the vacuum, forming hadrons of - 
the kind which can be observed. 
Quarks, or any other form of parton, 
have never been observed, and perhaps 
cannot exist as free observable par- 
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< ticles. Despite the complications of the 
‘clothing’ process, the basic rate for 
hadron production by means of parton 
pair production should have the same 
dependence on the overall electron- 
positron energy as does muon pair 
production. 

The new SPEAR and Cambridge re- 
sults disagree with this. Muon produc- 
tion falls as the energy increases, but 
hadron production levels off. This 
directly contradicts simple parton 
theories. More than seventy theoretical 
papers were submitted to the con- 
ference, attempting to explain this 
effect in one way or another. Some 
suggest that the levelling off in hadron 
production is a temporary phenome- 
onon at ‘medium energies’, and the 
nigh energy decrease has yet to begin. 
Others claim that massive ‘charmed’ 
particles are being produced (see 
Nature, 250, 186; 1974 for a discussion 
- of other contexts where ‘charm’ has 
been invoked), and the reaction rate 
is rising as more charmed final states 
become available. Other theorists have 
pointed out that the levelling off in 
hadron production is “more parton- 
dike than partons”. If the hadrons were 
not formed by production of pairs of 
point-like constituents, then the hadron 
production should fall faster than the 


-- rate of muon production. This suggests 


-that some totally new phenomenon is 
being seen in electron-positron annihi- 
lation. 

To test these theories it will be neces- 
sary to collect data at higher energies, 
and to make more detailed studies of 
the hadrons in the final state. The 
SPEAR ring is already being modified 
to give higher beam energies, but it 
seems likely that a much larger increase 
in energy will be needed to answer all 
the questions raised by the new data. 
British physicists could have a ma jor 


part to play in the development of 
- these” studies. To reach the higher en- 


-ergies, new machines must be built, and 
Britain's long-term plans in this direc- 


`.. tion are as far advanced as those of 


any other nation. The Science Research 
Council should decide this year whether 
to build its EPIC storage rings which 
will have 14 GeV electrons colliding 
with 14 GeV positrons, a substantial 
step up from the energy of SPEAR. 
The Americans have similar plans but 
their new machine, called PEP, has 
also not been funded yet. If the United 
States does go ahead soon, PEP may 
be built a littl more rapidly than 
EPIC since it can get its beams from 
the existing 20 GeV Stanford linear 
accelerator that now feeds SPEAR and 
other experimental facilities. But it 
takes a few years to do all the import- 
ant experiments on a new accelerator, 
and there is plenty of room for two 
machines if they start work within a 
year or so of one another. 


East African rift 
as membrane effect 


from Peter J. Smith 

Geomagnetism Correspondent 

Ir is almost exactly a year since Tur- 
cotte and Oxburgh (Nature, 244, 337; 
1973) first sketched out their ideas on 
the nature of mid-plate tectonics. For 
some time before this (and even since), 
numerous workers had sought to €x- 
plain the origin of major tectonic ac- 
tivity away from plate margins in the 
relatively ad hoc terms of hot spots, 
with or without mantle plumes. The 
Hawaiian-Emperor island chain, for 
example, was seen as the surface trace 
resulting from the motion of the Pacific 
plate over a Stationary or near- 
stationary Magma source--a not un- 
reasonable explanation, although one 
difficult to substantiate in the face of 
older and equally plausible interpreta- 
tions based on less contentious terrest- 
rial phenomena. On the other hand in- 
terpretations of continental mid-plate 
tectonic features in terms of hot spots 
were much less successful. How, for 
example, could hot spots be held to 
account for the extension across graben 
and rift valleys? 

In their original summary article, 
Turcotte and Oxburgh were able to 
abolish many such problems at a stroke, 
ironically by returning to explanations 
involving more traditional concepts. 
They argued that major mid-plate tec- 
tonic activity results from crustal ex- 
tension due to tensional stresses. Clearly 
this is likely to offer a more satisfactory 
explanation for the finite extension of 
rift valleys, for extension would be re- 
quired to relieve the stresses. In the 
case of the Hawaiian islands, it meant 
returning to the much older, though 
far from disproved, idea that the chain 
is a “propagating tensional fracture in 
the lithosphere which causes volcanic 
activity as it propagates”. 

But Turcotte and Oxburgh not only 
were to propose the mechanism (crus- 
tal extension), they were also able to 
suggest two plausible ways in which 
the required tensional stresses could 
be produced. The first type of stress, 
the theory of which was developed by 
Turcotte (Geophys. J., 36, 33; 1974), 
is the membrane stress arising from 
non-spherical plate tectonics, Because 
the Earth is not quite spherical, a litho- 
spheric plate must deform as its lati- 
tude changes, producing regions of both 
compressign and tension involving 
stresses of up to at least several kilo- 
bars. Second, there are thermal stresses, 
now discussed in greater detail by Tur- 
cotte (J. geophys. Res., 79, 257, 1974). 
As oceanic lithosphere moves away 
from the ridges, non-uniform cooling 
will lead to thermal stresses unless 
there is relief by plastic flow. In fact, 
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the upper lithosphere behaves elasti- 
cally on geological time scales; Tur- 
cotte therefore concludes that thermal 
stresses up to 4 kbar (sufficiently large 
to fracture the lithosphere) may de- 
velop where the temperature is lower 
than about 300°C. 

Presumably the forces giving rise to 
mid-plate tectonics generally arise from 
a complicated combination of mem- 
brane and thermal stresses, although 
the latter are clearly of particular rele- 
vance to the ocean floor. Indeed, in 
his most recent discussion in the Journal 
of Geophysical Research, Turcotte has 
suggested that even the transform 
faults and their associated fracture 
zones are contraction cracks which re- 
lieve the thermal stresses in the cooling 
lithosphere. In contrast to some other 
origins previously proposed for trans- 
form faults (for example, those involv- 
ing small changes in spreading direc- 
tion), thermal stress relief would ex- 
plain the presence of such faults 
throughout the entire worldwide ridge 
system as well as in convecting lava 
pools (field) and freezing wax (labora- 
tory). It would also explain why trans- 
form faults are apparently structurally 
similar to rift valleys. It would not 
explain directly why ridge segments are 
offset: but it is easy to envisage that 
once a thermal contraction crack ap- 
pears in a ridge, small random varia- 
tions in spreading rate on the two sides 
of the ridge will lead to offsetting. 

Membrane stresses, on the other 
hand, are more obviously relevant to 
both ocean floors and continents; and 
it is to a plate comprising both con- 
tinental and oceanic elements that 
Oxburgh and Turcotte (Earth planet. 
Sci. Lett., 22, 133: 1974) have now 
applied the concepts they have jointly 
and separately developed during the 
past year. The plate is the African 
plate; and the object of the exercise 
was to determine whether or not the 
formation and properties of the East 
African rift are explicable in terms 
of membrane tectonics. 

The basic principle of membrane tec- 
tonics is that the two principal radi 
of curvature of a small plate at the 
Earth’s surface will increase if the 
plate moves towards higher latitudes 
and. conversely, decrease if it moves 
towards lower latitudes. Thus an un- 
stressed plate (regarded as a thin elas- 
tic shell) moving towards the poles will 
acquire a tension at the edge and a 
compression in the interior, whereas 
for a similar plate moving towards the 
equator the sites of tension and com- 
pression will be reversed. The differ- 


ence between the Earth’s polar and 


equatorial radii of curvature is such 
that a plate undergoing even a modest 
change in latitude (a few tens of de- 
grees) will be subject to stresses com- 
parable to the strength of the plate; 
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and so under the right circumstances 
large-scale lithospheric fractures may 
occur. 

As interpreted by Oxburgh and Tur- 
cotte, the palaeomagnetic evidence sug- 
gests that, following a period of rela- 
tive quiescence lasting most of the 
Mesozoic, the eastern part of Africa 
began to move northwards about 100 
million years (Myr) ago at a rate of 
about 0.25° per million years. The 
western part of Africa, by contrast, 
began to move much more slowly. 
Taking into account the drift rate and 
the size of the African plate as extra- 
polated backwards throughout the past 
‘90 Myr, Oxburgh and Turcotte calcu- 
late that the tensional stress in the cen- 
tre of a circular plate the size of the 
African plate (and drifting towards the 
equator) would be about 135 bar, which 
seems to be of the same order as the 
stresses associated with current conti- 
nental faulting. In other words, it is 
quite conceivable that the East African 
rift system was produced by membrane 
stresses in the lithosphere, developed in 
response to the rapid latitude change 
of eastern Africa during the late Cret- 
aceous and early Tertiary—and that is 
precisely what Oxburgh and Turcotte 
propose happened. 

It follows from this interpretation 


that the East African rift system is 
probably a southward-propagating frac- 
ture system. There is little direct evi- 
dence on the age of the fracture itself: 
but it is implicit in a propagating frac- 
ture system that the onset of rift vol- 
canism will migrate at the same rate 
as that at which the fracture extends. 
At most places along the East African 
rift, the volcanism, once started, has 
continued to the present: and so the 
onset of volcanism may be determined 
from the age of the oldest volcanic 
rocks available. Such age data from 
the eastern rift show that the locus 
of this onset has migrated southwards 
at a rate of about 0.23° per million 
years, which is in excellent agreement 
with the palaeomagnetically-determined 
northward drift rate of the eastern part 
of the plate. Numbers apart, however, 
the advantage of regarding the East 
African rift as a propagating fracture 
rather than the locus of a hot spot 
is that so much more can be explained. 
The tensional features of the rift are 
an obvious case in point. Equally, hot 
spots seem incapable of explaining why 
volcanism continues at any given point 
once the plate has passed over the 
Spot; a propagating fracture, on the 
other hand, would imply continued 
dilation and thus continued volcanism. 


Internal magnetic field on Mercury? 


from Peter J. Smith 

Geomagnetism Correspondent 
HITHERTO, it has not been con- 
sidered likely that Mercury possesses 
an internal magnetic field. It is true 
that the planet has an unusually 
high density and thus by implication 
a large core; but the low rate of 
rotation would seem to preclude the 
generation of internal fields by 
dynamo action. Moreover, unlike 
Jupiter, Mercury has never produced 
any evidence of radio emissions 
which would indicate the presence 
of radiation belts. 

The preliminary data from the 
Mariner 10 magnetic field survey 
near Mercury, now recorded by Ness 
et al. (Science, 185, 151; 1974), are 
thus surprising. For on March 29, 
1974 Mariner 10 passed within 704 
km of Mercury's surface where it 
recorced a magnetic field of 98 y, 
which is about five times higher than 
the average interplanetary field in 
the vicinity. Moreover, both a well 
developed bow shock wave and a 
magnetosphere-like region were ob- 
served — features comparable to 
those of the Earth, which has a 
global field, but completely alien to 
a body such as the Moon, which 
does not. 

So do these results imply an in- 


ternal Mercurian field? They cer- 
tainly imply it, but do not prove it 
because there are other processes, 
such as field induction by solar wind 
interaction, which could just ex- 
plain the limited data yet available. 
Another Mercury encounter will be 
required to settle the matter: but 
in the meantime Ness and his col- 
leagues interpret the whole evidence 
aS generally favouring the intrinsic 
field idea. Approximate figures then 
Suggest that the Mercurian dipole 
moment is about 4x10™ that of 
the Earth, that the dipole is close 
to the rotation axis and that it is 
offset by 0.47 Mercurian radii (not 
unacceptable in view of the large 
core). 

A dynamo sareni active within 
Mercury would indicate the via- 
bility of dynamo action under unex- 
pected and unusual conditions. On 
the other hand, if the Mercurian 
field is due to remanent magnetism 
left from a dynamo now extinct, 
the implication must be «that the 
planet once rotated much faster 
than it does now. In any event, in- 
ternal planetary magnetic fields are 
rare enough to make the discovery 
of one within Mercury (f confirmed) 
a major advance in the exploration 
of the Solar System. 
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The Oxburgh-Turcotte model is, of 
course, an oversimplification. The real 
African plate is not circular, does not 
remain the same size, and does not 
undergo a simple change. of curvature. 
Moreover, the uns d radii of cur- 
vature are not const ver the plate 
but vary from elem to element 
within it. The oceanic lithosphere 
within the plate is subject to. thermal 
stresses as well as membrane. stresses; 
the location of fracturing. within. con- 
tinental lithosphere may be governed 
partly by previous history of faulting: 
even mid-plate areas will be affected 
to some extent. by interactions with 
neighbouring plates; and so on. But 
these are points of detail, rather than 
principle, which do not deflect Oxburgh 
and Turcotte from their view that 
membrane stress effects are substan- 
tially more plausible than hot spot 
processes. 


Ribosome structure 
and function 


from a Correspondent | 
THE EMBO meeting on ribosome _ 
Structure (Göteborg, Sweden, June © 
27-30) was a field day for Escherichia - 
coli. The most popular topic was the 
three-dimensional arrangement of the 
ribosomal proteins, where several dif- 
ferent approaches are being used with 
considerable success. C. Cantor (Col- = 
umbia University, New York) has used 
a fluorescence method in which recon- `. 
stituted 30S ribosomes are labelled with 
two different fluorescent dyes on two > 
specific proteins. By varying the pro- 
teins labelled, he has been able to clas- Se 
sify many pairs of 30S proteins as being. __ 
close, or far apart in the ribosome. 

Experiments with bifunctional pro- > 
tein cross-linking reagents were re- _ 
ported by several delegates, the most 
impressive being those of R. Traut 
(University of California, Davis) who 
used the assymetric reagent 4-mer- 
capto-butyrimidate to establish nearly 
twenty pairs of cross-linkable proteins 
from both subparticles. This reagent 
reacts first with © amino groups, leav- 
ing the thiol group free to react with 
protein sulphydryl groups under oxidis- 
ing conditions. 

G. Stoffler and G. Tischendorf (Max- 
Planck-Institut, Berlin) have approach- 
ed the topography question by electron 
microscopy. Since both subparticles 
have an assymetric shape, it is possible 
to localise the positions of proteins by 
examining the complexes formed with 
the ribosome by individual protein- 
specific antibodies. So far twenty 50S 
and seven 30S proteins have be 
localised by this technique. H. Zeich 
hardt (Max-Planck-Institut, Berlin). 
used specific antibodies to examine the 
subparticle interface; although many 







































abs would inhibit the reassociation of 
subparticles, only one protein (L19) 
was inaccessible to antibodies in the 
70S particle itself. H. Roth (Max- 
Planck-Institut, Berlin) has isolated 
more than twenty ribonucleoprotein 
fragments from LiCl cores of the 50S 
subparticle by digestion with nuclease. 
. The fragments, separated on sucrose 
gradients, contained from two to 
twenty-eight proteins, With a few not- 
< able exceptions, the data from these 
“warious sources were in good agree- 
“gent, and two topographical models of 


ee the 30S proteins were presented by R. 
Traut and A. Bollen (Université de 


yruxelles). 

n the RNA front, C. Ehresmann 
itut de Biologie Moléculaire, Stras- 
rg) reported the latest improve- 
ents on the primary sequence of 16S 
RNA, and C. Branlant (Institut de 
- Biologie Moléculaire, Strasbourg) des- 
-eribed some binding sites of 50S pro- 
teins on the 23S RNA, in particular 
the complex formed between 5S RNA 
{with L5, L18 and L25) and 238 RNA 
in the presence of L2. As far as pri- 
mary structure of individual proteins 
_is concerned, it seems that L7 and L12 
have been strongly conserved during 
evolution; two acidic proteins from rat 
liver were shown to be related immun- 
ologically to L7/L12 (G. Stéffler and I. 
Wool, Max-Planck-Institut, Berlin), 
and the corresponding proteins from 
the halophile Halobacterium cutiru- 
brum showed large homologous sequ- 
ences (A. Matheson, National Research 
Council of Canada, Ottawa). S5 has 
again turned up as an altered protein 
in several ribosomal mutants, notably 
in revertants from valyl-tRNA synthe- 
tase mutants described by H. Wittman 
(Max-Planck-Institut, Berlin). K. Tsono 
(Max - Planck - Institut, Berlin) also 
found alterations in the Bacillus 
stearothermophilus protein correspond- 
ing to S5 (as well as S12) in streptomy- 
cin-resistant mutants. 

On the functional side, S12 was shown 
by A. Spirin (Academy of Sciences of 
the USSR, Poustchino) to exert a nega- 
tive control over non-enzymatic trans- 
location, since particles reconstituted 
without S12 showed increased activity 
in this assay. With the 50S particle, K. 
Nierhaus (Max-Planck-Institut, Berlin) 
found that Lil and L16 are the pro- 


: teins responsible for chloramphenicol 
binding. L6 is also important for the 


chloramphenicol effect, but does not 
actually bind the antibiotic. L11 binds 
_ thiostrepton (J. Gordon and J. High- 
land, Friedrich Miescher Institut, 
Basel), and is also involved together 


with L18 at the peptidyl transferase 


centre, as was shown by C. Cantor with 
a peptidy! tRNA photo-affinity label. 
E. Küchler (University of Vienna) also 
used a photo-affinity label to demon- 
strate that peptidy! tRNA can be 


bound to 238 RNA near to the binding 
site of the 5S RNA-protein complex. 
Evidence for conformational changes 
during protein synthesis came from D. 
Vasquez (Instituto de Biologia Celular, 
Madrid), who found that the antibiotic 
anisomycin binds to eukaryotic ribo- 
somes with different affinities according 


to the functional state of the particles. 


Looking at the more intimate details 
of tRNA binding, M. Sprinzl (Max- 
Planck-Institut, Göttingen) used suit- 
ably modifed tRNA analogues to dem- 
onstrate that tRNA synthetases attach 
the amino acids to the 2’-hydroxyl 
position of the terminal ribose. Elonga- 
tion factor Ta also recognises only a 
2’-acylated tRNA. Peptidyl transfer 
can be effected to either a X- or Y- 
acylated tR NA at the A site, but only 
from a 3’-acylated moiety at the P site. 
V. Erdmann  (Max-Planck-Institut, 
Berlin) showed that the oligonucleotide 
T¥vCG can be used instead of a com- 
plete de-acylated tRNA to stimulate 
magic spot synthesis. 

Last but by no means least, M. 
Nomura (University of Wisconsin, 
Madison) reported some elegant experi- 
ments with A phages containing various 
amounts of the genetic material in the 
aroEstrA region of the E. coli genome. 
Using a DNA-dependent protein-syn- 
thesising system, he found that at least 
ten 30S and fourteen 50S proteins are 
encoded within this segment of DNA. 
The technique offers the possibility of 
detailed mapping of the ribosomal 
protein genes. 


How microorganisms 
damage plants 


from a Correspondent 
In plant, as in animal pathology much 
research effort has been directed to- 
wards investigating the mechanisms by 
which pathogens damage their hosts. 
One of the most tmportant advances 
of recent years has been the realisation 
that in a small, although by no means 
unimportant group of plant pathogens, 
the ability to produce toxin is the 
major factor determining virulence to- 
wards specific hosts. The most convinc- 
ing experiment to demonstrate this 
relationship was performed by Scheffer 
and his associates (Phytopathology, 57, 
1288: 1967). They crossed two closely 
related toxin-producing fungi Cochlio- 
bolus victoriae and C. carbonum, 
pathogense respectively of oats and 
maize. F, offspring segregated in a 
i:i:i: f; f ratio for the abilities to 
produce C. victoriae toxin, C. car- 
bonum toxin, both toxins or no toxin. 
These progeny were,respectively patho- 
genic on oats, maize, both oats and 
maize or neither host. 

Attempts to elucidate the mechanism 


chooses to examime 
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of action of these host-specific toxins 
have been stimulated by the knowledge 
that these toxins comprise some of the 
most potent biologically active sub- 
stances known. Root growth of sus- 
ceptible oat seedlings treated with C. 
victoriae toxin is prevented by as little 
as 0.0002 ag toxin mi, a potency 
approaching that of the more active 
clostridial toxins. In susceptible plants 
almost any metabolic system that one 
is deranged by 
toxin treatment. Many of these changes 
are undoubtedly secondary effects and 
evidence is accumulating that the pri- 
mary site of action of at least some 
toxins resides in the plasmalemma. 
Supporting evidence for this hypothesis 
comes from the findings that toxin 
treatment of susceptible host cells leads 
to a rapid leakage of intracellular 
contents (Scheffer and Samaddar,, Rec. 
Ady. Phytochem., 3, 123; 1970; Keck 
and Hodges, Phytopathology, 63, 226; 
1973), to a rapid depolarisation of the 


plasmamembrane potential (Novacky 
and Hanchey, Physiol. Pl. Path., 4, 


161; 1974) and also results in an inhibi- 
tion of solute uptake and failure of 
the protoplasts to plasmolyse in hyper- 
tonic solutions. 

Even more convincing evidence has 
come from the studies of Strobel and 
his associates (J. biol. Chem., 248, 
1321: 1973: Proc. natn. Acad. Sci., 
U.S.A., 70, 1693: 1973: ibid., 71, 1413; 
1974) on the eyespot disease of sugar 
cane caused by Helminthosporium 
sacchari. The toxin produced by this 
fungus seems to be a primary deter- 
minant of disease and has been charac- 
terised as 2-hydroxy-cyclopropyl-a-p- 
galactopyranoside. Strobel has found 
that sensitivity to the toxin is cor- 
related with the presence of a specific 
toxin-binding receptor protein in the 
plasmalemma of susceptible cells. 
Those cells resistant to the toxin pos- 
sess an immunologically identical pro- 
tein which does not bind the toxin. The 
specific proteins from resistant and 
susceptible cells have similar molecular 
weights, both consist of four subunits 
but differ slightly in electrophoretic 
mobility and with respect to four dif- 
ferent amino acid residues. 

This is the first positive identification 
of a specific chemical factor associated 
with disease susceptibility in a higher 
plant, an association long suspected on 
theoretical and genetical grounds. 
Although these reports establish the 
presence of a toxin-binding protein 
within the plasmalemma, much remains 
to be discovered as to the mechanism 


hy which the toxin-protein interaction . 


destroys the normal functioning of the 
membrane. These reports also illustrate 
another basic similarity between the 
functioning of animal and plant cells 
and suggest that the study of plant cell 
surfaces should prove useful. 


a 
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The agei 


A. R. Sheldrake 


Department of Biochemistry, University of Cambridge, Cambridge, UK* 


The ageing and death of cells in higher plants and 
higher animals is discussed in relation to cellular 
rejuvenation by growth and division. 


No cell is immortal. If a cell grows and divides, it becomes 
two cells: if it does not divide, sooner or later it dies. 
Multicellular organisms are not aggregates of cells in a 
state of exponential growth and division. Some cells divide, 
but most differentiate and do not undergo further division. 
Here I shall discuss the ageing and death of cells in vascular 
plants and vertebrate animals in an attempt to explore the 
significance of these processes in relation to growth and 
development, both normal and abnormal. 

It is often convenient to think of cells or living organisms 
as maintaining a more or less steady state; but it is aiso 
easy to forget that this is an approximation, an abstraction 
which, if realised, would confer on cells and on organisms 
the doubtful blessings of eternal life and eternal youth. The 
realities of growth, development, ageing and death cannot 
be understood in terms of steady state concepts. They are 
directional and irreversible changes in time. 

Some cells die as they differentiate, for example xylem 
cells in plants and keratinised epidermal cells in animals; 
some, such as phloem sieve tubes in plants and red blood 
cells in mammals, lose their nuclei; others which retain 
their nuclei may lose their ability to divide—as do most 
nerve cells. But even cells which retain their ability to 
divide will die if they do not do so; they senesce. 

Any general hypothesis of cellular ageing must not only 
explain cellular ageing itself, but also the way in which 
some cell lines do not senesce and die out. The germ cell 
line is continuous from generation to generation (also many 
plants can be propagated vegetatively indefinitely) and some 
cell lines derived from plant or animal tissues can be pro- 
pagated in vitro for an indefinite number of generations. 

General hypotheses of ageing based on genetic mutation 
face two difficulties. First, in explaining the universality of 
the processes of ageing in non dividing cells in terms of a 
lethal accumulation of harmful mutations and, second, in 
accounting for the facts of sexual and vegetative reproduc- 
tion, which show that mutations do not accumulate to a 
lethal extent in all cells. The alternative to a genetic- 
mutation hypothesis of ageing is some sort of ‘cytoplasmic’ 
hypothesis, the most recent and best known of which is 
Orgel’s ‘error catastrophe’ hypothesis, which postulates 
that an accumulation of errors in protein synthesis leads 
to a positive feedback of error as the enzymes involved in 
protein synthesis themselves develop errors and thus 
produce more defective proteins’. For this hypothesis to 
account for the continuity of the germ line and the in- 
definite propagation of ‘permanent cell lines’ in vitro it is 
necessary to postulate a process of ‘cellular selection’ 
whereby error-containing cells are selected out’. 

Neither the genetic-mutation hypothesis? nor the protein 
synthesis ‘error catastrophe’ hypothesis’ of ageing are sup- 
ported by sufficient evidence to rule oft the possibility that 
cellular ageing may be explicable in terms of the accumu- 
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lation of cytoplasmic breakdown products, some so which 
might be deleterious to the cell if they accumulated suffi: = 
ciently. In all actively metabolising cells, there urn- 
over of cytoplasmic constituents such as. pro’ 
membrane lipids. More is known about their synthesi than 
about their breakdown in vivo; while some of the y 
be broken down completely, others may be broke 
only partially or not at all. They must therefore accul y 


Lipid peroxidation 


One example of such an accumulation is : prowide 
‘age pigment’ or lipofuscin granules which accum 
an age- -dependent way in the cells of many mam 
tissues. The lipofuscin material contains lipid and: 
and may be formed in autophagosomal vesicles, fo 
during the digestion of mitochondria; haem groups, re 
as the cytochromes are degraded, may catalyse the pe 
dation of unsaturated lipids in the degenerating mi 
chondrial membranes* which may cross link with each o 
and with denatured proteins’. The cells seem to be. unabl. 
to destroy these cross-linked polymers. Lipofuscin grat 
do not seem to damage cells directly except when 
accumulate, as they do in certain diseases, to suck 
extent that they mechanically interfere with the struc 
and functions of the cell’. 

Lipid peroxidation does not always result in the fo 
tion of microscopically visible lipofuscin granules, nor. 
confined to autophagosomal vesicles; it occurs in all f 
tional cell membranes, including the surface membr 
Once the peroxidation of unsaturated lipids is initiated 
haem groups, Fe** ions and other simple catalysts in 
presence of oxygen, it takes place by a free radical ¢ 
reaction. It can be inhibited by lipid-soluble antioxid 
such as vitamin E and accelerated by vitamin E deficie 
ionising radiation, chloroform and ethanol poisoning 
hyperbaric treatments’’, which can cause irreversi 
damage to cells. 

The peroxidation of lipids within cell membraneé. 
occurring in vivo all the time. Some peroxidised lipids mi 
be metabolised? but others, perhaps those which are cross 
linked to other lipids and lipoproteins may not be. The 
chain reaction of lipid peroxidation may be terminated by 
the oxidation of other substances which may themselves be 
damaged and accumulate’. Such substances formed within __ 
the surface membrane, for example, may accumulate in. 
situ; if they are removed from the surface membrane as the 
membrane is recycled by the invagination of membrane 
vesicles" or by other means, some of them might find” ~ 
their way into residual bodies, but they might also be incor- 
porated into intracellular membranes. The formation and 
accumulation of such substances within the outer and intra- | 
cellular membranes, for example in the Golgi apparatus, — 
endoplasmic reticulum nuclear membrane and lysosomal. 
memBranes, could well be deleterious to normal membrane 
functioning and could also lead to a positive feedback. of 
damage by further lipid peroxidation, and thus to 
senescence and death of the cell. The rate of ageing w 
be temperature dependent and would also depend on 
composition, structure and functions of the cellular. n 
branes, the extra- and intracellular environment 
oxidant levels and so on. Thus, different types of cell 
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age at different rates but, according to this hypothesis, all 
cells would be ageing to a greater or lesser extent all the 


time; all cells would be heading towards senescence and 


death. 

The elimination of membranous material from cells 
might enable the ageing process to be retarded and there 
are a few examples of the shedding of membranes by cells 
which I will discuss further. But, in general, the only way 
in which cells could avoid their otherwise inevitable mor- 
tality would be by growing and dividing, thus diluting the 
accumulated breakdown products. Although lipid peroxi- 
dation may be the most important cause of the formation 
of such substances, the following general considerations 
could apply to any deleterious substances which accumulate 
with age. 


Growth and division of cells 

An artificially simple case is provided by cells dividing 
symmetrically with a fixed generation time if these accu- 
mulate deleterious breakdown products linearly with time, 
an amount, x, being formed per cell generation time (Fig. 1). 
Successive generations contain more of the accumulated 
breakdown products but the increments become smaller 
and smaller. If the rate of accumulation is not linear, but 
proportional to the amount already accumulated, the con- 
tent per cell will increase exponentially; and if there is a 
progressive lengthening of the cell generation time, there 
will be a greater accumulation within individual cells in 
succeeding generations. With either or both of these 
assumptions, it can be seen that the whole population will 
undergo senescence and sooner or later die out. 

But another type of cell division is possible, an asym- 
metrical division in which one of the daughter cells receives 
all or most of the accumulated breakdown products (be- 
coming more ‘mortal’) while the other is rejuvenated, 
receiving little or none. The more ‘mortal’ of the daughter 
cells might die or differentiate directly, or it might divide 
again unequally, producing a rejuvenated cell and a cell 
even more ‘mortal’ than itself, or it might undergo one or 
more sequential symmetrical divisions (as discussed above) 
to produce a population of cells which sooner or later die 
(unless they can undergo further asymmetrical divisions to 
produce rejuvenated cells). 











i; ail 
ee 


Fig. 1 Cells dividing symmetrically with a fixed generation 

time showing the accumulation of deleterious breakdown 

prod: cts linearly with time, an amount, x, being formed 
per cell generation time, 
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i shall now consider a few aspects of the growth and 
development of higher plants and higher animals in the 
light of these ideas. Dicotyledonous trees illustrate the 
pattern of indefinite growth that is characteristic of plants. 
(There are of course plants, such as herbaceous annuals, 
which die after they have flowered. But annuals are capable 
of growing for much longer than their normal life-span if 
they are prevented from flowering, indicating that they die 
because they flower and not because of an innate inability 
to go on growing.) The life span of trees is limited by a 
variety of mechanical factors, but cuttings taken from old 
trees can give rise to healthy young trees, and this process 
can be repeated indefinitely. The growing points of the tree, 
the apical meristems, remain perpetually young. 

Cell divisions within the apical meristems of the shoots 
give rise to daughter cells with different fates: some remain 
meristematic, others give rise to the differentiated struc- 
tures of the stems and the leaves. Some of these cells die 
as they differentiate into vascular tissues and fibres, others, 
for example the leaf mesophyll and pith parenchyma, 
remain alive for some time, but, unless they are stimulated 
to divide again in a regenerative response to wounding or 
damage, they eventually die. The leaves senesce and fall 
from the tree; the pith breaks down. The root meristems 
give rise to the primary tissues of the root which, apart 
from those which divide to produce further root meristems, 
sooner or later die. In secondarily thickening stems the 
divisions of the cambial cells give rise to cells which die 
as they differentiate into xylem or undergo further asym- 
metrical divisions to produce phloem companion cells and 
sieve tubes. These cells eventually die and are sloughed off 
in the bark. Cell divisions in the cork cambium give rise to 
cork cells which die as they differentiate: divisions of the 
root cap initials give rise to root cap cells which die and 
are sloughed off. Thus, in the various meristems of the 
plant the continued growth and continued rejuvenation of 
the meristems is associated with the production of cells 
which die during or after differentiation. 


Vertebrates 


Vertebrates, unlike trees, do not go on growing indefinitely, 
nor can they be propagated vegetatively. At first, fertilised 
eggs undergo cleavages which rapidly increase the number 
of cells, but this rate of increase of cell number declines 
progressively as the animal develops, and as cells and tissues 
differentiate’. Throughout the development of the embryo 
many tissues and groups of cells regress and die’’’*. Some 
of these cell deaths are associated with tissue differentia- 
tion, some occur during morphogenetic processes”, and 
others may represent the regression of phylogenetically 
vestigial structures’, but the significance of other cell 
deaths is obscure”. As the animal develops, the cells of 
some tissues, such as nerve and muscle, differentiate and to 
a large extent lose the ability to undergo further division. 
Some of these cells die as the animal grows older and are 
not replaced’'’’ but in the adult animal a number of other 
tissues continue to grow, for example the epidermis, the 
intestinal lining, the liver and blood cells continue to be 
formed. In all these examples the production of new cells 
is offset by cell death. Cell divisions in the basal layers of 
the mammalian epidermis give rise to daughter cells which 
remain in the basal layers and divide again, and other 
daughter cells which differentiate and keratinise, dying as 
they do so. Cell divisions in the crypts of the intestinal villi 
replenish the population of crypt cells capable of further 
division and produce other daughter cells which move up 
the villi where th@y die and are sloughed off”. Asym- 
metrical divisions of the early precursors of all cells of the 
blood occur throughout life and give rise to further pre- 
cursor cells as well as to the maturing and mature cells of 
the blood, all of which have a limited life span. During 
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the formation of red blood cells*t and granulocytes” in the 
bone marrow, and lymphocytes in the thymus’, consider- 
able numbers of cells die in situ soon after they are formed. 
The reasons for this ‘ineffective’ erythropoiesis, granu- 
lopoiesis and lymphopoiesis are unknown. 

The mortality of-at least some of the cells which die in 
developing animal embryos and in mature animals may 
represent the price. that is: paid for the rejuvenation of other 
cells which continue to grow and divide. But unfortunately 
too little is known about cell lineages in animals, especially 
in embryos, for it to be possible to decide how general is 
the phenomenon of asymmetrical cell divisions giving rise 
to daughter cells of unequal mortality. The recognition of 
this pattern is complicated by the fact that by no means all 
cell death takes place as a result of cellular senescence. 
Some cells die as they differentiate and others may die 
because they find themselves in the wrong places at the 
wrong times’”. Cell deaths may be controlled chemically, 
for example by steroid hormones: the injection of gluco- 
corticoids can cause large numbers of lymphocytes to die”, 
the regression of Mullerian and Wolffian ducts is con- 
trolled by androgens and oestrogens'®”* and the regression 
of the lining of the female genital tract is under the control 
of oestrogens”. But, under the hypothesis that asymmetrical 
cell divisions lead to a rejuvenation of ‘meristematic’ 
daughter cells at the price of the increased mortality of 
their sister cells, it does not matter whether the latter die 
as a result of senescence, or whether they die as they dif- 
ferentiate or for any other reason. 





Sexual reproduction 


In the sexual reproduction of both higher plants and 
higher animals almost all the cytoplasm from which the 
embryo and the new organism develops is provided by the 
egg. In both cases, the egg cells are formed as a result of 
asymmetrical divisions of the egg mother cell. In the great 
majority of higher plants, the meiotic divisions of the egg 
mother cell produce four cells, three of which die. The 
fourth undergoes further divisions to produce the cells of 
the embryo sac, most of which die before or shortly after 
fertilisation. In some species, one or more of the three sister 
cells of the cell which gives rise to the egg may undergo 
further division to produce short-lived embryo sac cells”. 
In animals the first and second meiotic divisions of the egg 
mother cell give rise to the first and second polar bodies, 
which regress and die"), 

It is particularly striking that in both plants and animals, 
only one of the progeny of the egg mother cell gives rise 
to an egg while the sister cells die (or if they divide give 
rise to short-lived progeny). By contrast, there is no com- 
parable cell loss in male gametogenesis associated with the 
meiotic divisions of the pollen mother cells and 
spermatogonia. 

The many examples in both higher plants and higher 
animals (and many more can be found in the lower plants 
and lower animals) of the production of rejuvenated meris- 
tematic, stem or egg cells by asymmetrical divisions do not 
of course prove that these divisions involve an asym- 
metrical distribution of deleterious breakdown products; 
but the available facts appear to be consistent with this 
hypothesis. 


Loss of membranous material by animal cells 


If the accumulation of deleterious breakdown products of 
membrane lipids is one of the causes of cellular senescence, 
the loss of membranous material might be of considerable 
importance in enabling cells to rid themselves of such sub- 
stances. The shedding of membranous material by living 
cells does not seem to be of common occurrence but car 
take place in mammalian cells as follows. 

First, in apocrine secretions part of the cell membrane is 





























lost. The best example, and the only one for which’ 
clusive ultrastructural evidence exists, is in the secre 
of lipid droplets by the cells of lactating mammary gla 
The secreted lipid droplets are surrounded by a- 
membrane derived in part from the surface membrane 
in part from Golgi vesicle membranes” 

Second, membrane-bounded vesicles ‘oF cytoplasm a 
break away from mammalian macropha; 
and in vivo’. This process, known as i 
unknown significance. Lymphocytes whic! 
immunological reactions or as a result o 
glutinin stimulation form ‘tails’ (uropods) © : 
off yic alated buds in vivo and in vitro’ 


f aon observed in eae of fibroblasts. 
Third, many types of animal viruses are budded of from 
host cells in membrane-bounded vesicles. The pr 
the membrane of the vesicles is largely viral, at least 
case of RNA tumour viruses, but the lipids are der 
from the host cell membrane”. Viral particles bound b’ 
membrane are also budded off from the cells of an 
of spontaneously cancerous tissues and from m 
cell strains and permanent cell lines which are. 
cultured in laboratories”. 
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Tissue cultures 
Many plant callus cultures can be grown indefinitely i) 
vitro. During the early stages of the growth of some 
luses, an exponential increase in cell number takes pl; 
a rate which suggests that many of the cells may u 
a limited number of sequential symmetrical divisions 
the growth rate declines" but in most plant tissue 
the rate of increase of cell number is more or less 
for most of the growth period“. Linear growth -cl 
teristics would be compatible with a meristematic p 
of cell division such that some daughter cells continu 
grow and divide while their sister cells age and soone: 
later die. Unfortunately nothing is known in detail abo 
cell lineages within these cultures, nor are there any qua 
titative data on cell death. Nevertheless, dead and dyi 
cells are by no means uncommon. 
‘Permanent’ mammalian cell lines capable of indefin: 
propagation in vitro can be derived from cancerous t 
and also from cells which have undergone a spontaneous 
‘transformation’ during culture. Diploid fibroblast cultur 
can be propagated, however, only for a finite numb 
subculturings, more (up to about 60) if the cell: 
derived from embryonic tissues, fewer if they are de 
from mature organisms“. The number of generations 
through which the cells can be passed before the popula- 
tion senesces and dies out is reduced if the period of time. 
between the subculturings is increased”. Fibroblasts of the __ 
mouse L strain have been observed to divide symmetrically 
over six to seven cell generations with a more or less con- 
stant generation time; if the cells in the diploid fibroblast: 
cultures also divide symmetrically, deleterious breakdown 
products might accumulate in the cells of succeeding _ 
generations, as discussed above, and account for the 
senescence of these cultures. It is impossible, however, tw 
make any detailed interpretation of the senescence of © 
these cultures in the absence of quantitative information = 
about the proportions of dividing and nondividing cells, the = 
incidence of cell death, and the extent and significance of 
clasrgotosis within these cultures—or indeed with cultures 
of ‘transformed’ and ‘permanent’ cell lines. 






Cancer 


Malignancy must not only involve the freeing of cells tiom 
the normal controls on their proliferation, but also- the © | 
avoidance of senescence by at least a part of the cell . 
population. Many animal tumours contain a stem cell or 
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‘meristematic’ population which gives rise to daughter cells 
which may or may not differentiate, but which sooner or 
later die“. There are numerous examples of cell death 
within cancerous tissues". Some of the cell deaths can 
be explained in terms of an inadequate vascularisation of 
the tumour tissue, but in most tumours this is by no means 
the only cause and does not apply at all to leukaemias; 
many of the cells may die as a result of ageing”. 

Little attention has been paid to the incidence of cell 
death within cultures of cancerous cells and it is therefore 
at present impossible to know to what extent the patterns 
of cell division, ageing and death within these cultures 
resemble those within in vivo cancers. It is sometimes 
assumed, if only implicitly, that overall exponential growth 
characteristics of cell cultures mean that there is a homo- 
geneous population of symmetrically dividing cells. This 
assumption is not justified: a heterogeneous population 
containing proliferating, nonproliferating and dying cells 
can also grow exponentially if the proportion of cells that 
die is constant with time**”’. 

it is conceivable that the loss of membranous material 
either spontaneously, as in certain types of mammary gland 
tumours’, or as a result of the budding off of viruses 
(such as RNA tumour viruses) could play a significant role 
in the retardation of cellular senescence in certain types 
of cancer. 


Effects of cell death 

Very little is known about the biochemistry of dying cells. 
Such cells probably release all sorts of proteins, glyco- 
proteins, peptides, amino acids, amino acid breakdown pro- 
ducts, nucleic acids and nucleic acid breakdown products, 
lipids and lipid breakdown products as well as salts and 
other substances which were sequestered inside the cells. 

It has recently been found that in higher plants the 
hormone auxin (indole-3-acetic acid) is formed as a con- 
sequence of cell death as tryptophan, released by proteolysis, 
is broken down. Dying cells in differentiating vascular 
tissue, regressing nutritive tissues and so on, are probably 
the major source of this hormone within the plant. Other 
plant hormones may also be produced by damaged and 
dying cells: ethylene from the breakdown of methionine 
and cytokinins by the hydrolysis of transfer RNA”. In 
higher plants the normal production of hormones: as a 
consequence of cell death and the production of ‘wound 
hormones’ by damaged cells can be seen as two aspects of 
the same phenomenom”. 

Wound and regenerative responses in vertebrates cannot 
be explained simply in terms of wound hormones, but there 
is evidence that dying cells release substances that stimulate 
phagocytosis’, and affect growth and development in both 
normal’ and cancerous tissues’’. And at least some of 
the cell deaths which occur during normal embryonic 
development may well result in the production or release 
of substances involved in the control of differentiation and 
development. 

Dying cells may not only have a chemical effect on 
neighbouring cells but also a physical effect as cell to cell 
contacts are broken. Cell deaths within a tissue may also 
affect the functioning of the tissue as a whole: for example, 
the death of nerve cells within the brain” seems likely to 
affect pathways or patterns of nervous conduction, p¢rhaps 
leading to the formation of new pathways or patterns. Such 
cell deaths could act as a source of random change within 
the nervous system that might not always be deleterious”. 

So little attention has been paid to the ageing and death 
of cells during growth and development, both normal and 
abnormal, that detailed information about these processes 
is scarce. Where facts are few, speculation can flourish. 
Most of the speculations advanced in this article could be 
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opposed by alternative speculations, but they illustrate the 
view that growth and development cannot be understood 
in isolation from ageing and death. This ts by no means an 
original concept, but at the cellular level it provides a 
perspective in which many familiar facts take on a new 
significance and suggests a new approach to familiar 
problems. 

i am indebted to Dr A. Gliicksmann, Dr W. Jacobson and 
Professor E. N. Willmer for helpful comments, criticism and 
discussion. 


Received February 5, 1974. 
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Mount Etna erupted for the first time in 31 months on 
January 30, 1974. The eruption, which continued until 
February 16, was watched closely between January 30 
and February 15 by ftalian and British members of the 
Etna Research Programme. This article summarises their 
observations. 


enn Inn an enc iaaa a A a nannaa 


On January 30, 1974 Mount Etna erupted for the first time 
since the middle of 1971 (ref. 1). Between these eruptions, 
activity on the volcano had been restricted to strombolian 
explosions and the extrusion of lava at the bottom of two 
deep pits within the summit crater. The centre of the new 
eruption lay 5.75 km to the west of the summit crater, at 
an altitude of about 1,680 m (grid ref. 938776 on the Monte 
Minardo 1:25,000 map sheet). 

The eruption was first noticed at about dusk on 
January 30, but it probably started during the afternoon. 
The first observed activity was the occurrence of strong, 
almost continuous (30-50 a minute), strombolian explo- 
sions which threw bombs to a maximum of 700 m, 
and rapidly built up a cone. The first erupted lavas (Flow 
l) were observed on January 31, as 2-3 m thick aa flows 
(Fig. 1). At this time the flow front was at the foot of Mt 
Nuovo (which erupted in 1763). During the next four days, 
two more lava streams (Flows 2 and 3) were emitted, 
forming parallel flows which extended between the new 
cone and that of Mt Nuovo. After three (?) days the 
explosive activity had decreased in rate to about 25 
explosions a minute. 

On February 2 (?), two short, thick, viscous flows (Flows 
4) erupted from boccas on the eastern side of the cone. 
They were more than 20 m thick and short lived, and later 
became largely covered by ash from the cone. Another 
viscous lava, observed on February 6, probably started 
erupting on the previous day from a bocca on the northern 
side of the cone. This flow (Flow 5), an aa flow with a 
atna tiek ness ot about 10 m at its front, was advanc- 
e front, at a maximum flow rate of 
Lm r This rate was, however, evidently reduced, imply- 
ing that earlier rates must have been much higher to gives 
rise to this flow. The flow stopped on February 7, by which 
time there was no flowing lava, although the explosion 
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rate in the crater continued at about 14-16 explosions a 
minute, with maximum projectile heights of about 500 m, 
On February 8, strong blizzards prevented any observation 
but by February 9 the violent strombolian activity. had. 
changed to occasional explosions which ejected bombs: t 
about 100 m above the crater lip, and there were rumblin 
within the crater. We considered the magma level in the’ 
cone to be very low at this time. On the same day a new 
aa flow about 800 m long (Flow 7) was discovered emanat- 
ing from a bocca at the foot of the cone on the south 
eastern side of the volcano. The bocca was in a hollow’ 
120 m across with a flat floor containing a small lake of. 
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Fig. 1 The area aroung the eruption site of Mtl Etna, Sicily, 

showing the course of the eruption of January 30 

February 16, 1974. 1-10, Flow numbers (see text); a, th 

extent of Flow 7 on February 9, h, February 10; ‘i February 

11. d, February 15; *, e.d.m. station. Inset: January 
1974 eruption, x, summit of Mt ene 





us lava. Lava from this lake was pouring down a 
hort 40° slope towards Mt Leporello, where it turned 
vestwards, The active flow front was about 80 m across 
and was moving slowly, except on a slope of about 9° 
down a dirt track, where a flow 3 m across and 1.5 m 
high advanced at a rate of about 33 cm min`. The rate 
of eruption at the bocca was variable and apparently 
stopped late on February 9, only to restart a few hours 
=> kater, early the following morning. An examination on 
-=œ February 9 had shown that before this flow, an earlier flow 
(Flow 6) from the same bocca had flowed around the side 
of the cone and towards Mt Nuovo, probably on February 
8. This flow was about 2-5 m thick. 

On February 10, the explosive activity was still discon- 
tinuous, with occasional periods of stronger activity (12 
explosions every minute) throwing bombs about 150 m 

above the lip of the cone. The extrusion of lava was also 
irregular and late in the day the flow front was hardly 
moving, although several new lobes had developed along 
- southern side. By the morning of February 11, the 
a had moved another 250 m and there were only occa- 
ional explosions in the crater. Most of the ejected material 
vas derived from collapses of the crater walls. A gas jet 
formed at the bocca of Flow 7 and sublimates were depo- 
sited. The flow front was advancing at about 30 cm min” 
but it had slowed down to 1 m h™ on an 80-m front by 
February 13. On that day it was discovered that a bocca 
had opened on the south side of the cone. Lava (Flow 8) 
from this bocca was flowing around the foot of the cone, 
towards the west. By 1700h Lt, Flow 7 had stopped and 
Flow 8 was flowing at a rate of 0.3 m min™. A new 
bocca (1-2 m across) had opened to the west of the cone, 
extruding lava (Flow 9) which flowed at a rate of 3 m 
- min’. Another bocca (Flow 10) to the north-north-west of 
- the cone had also apparently opened but we did not visit this 
until the next day. Weak explosions continued in the 
crater, and there were strong rumblings with gas explo- 
sions which ejected a little pyroclastic material. Ground 
shocks could be felt up to 900 m from the cone. By 
February 14, Flow 8 had stopped, but Flow 9 was still 
erupting, flowing at about 2.5 m min~' in a flow 3-5 m 
wide, On February 14 and 15, the inner walls of the cone 
suffered major collapses. On the latter day, we observed 
radial fractures on the southern and western flanks of the 
cone. The rate of flow in Flow 9 was about 4 m min™' and 
Flow 10 was erupting at a rate of 2 m min@' and was 1.5 
_m wide. By February 17, the activity had stopped. Twenty- 
three days later a further period of activity began in the 
Same area, about 200 m to the south-west of the centre of 
~~ activity which we had been observing. 

We computed the amounts of lava which were erupted 
during the February period of activity: between January 
30 and February 7, 1.0 x 10° m*; February 8 and 9, 1.0 x 
10° m’; February 10-15, 0.35 x 10° m*. This is a total of 
2.35 x 10° m’, giving an average rate of eruption of about 
1.5 m?’ s`, although on February 8 and 9 the rate may 
have been more than 6 m°’ s~ for a short period, thus 

_. lowering the level of magma in the cone and reducing the 
= strength of the explosions. 
-=> Viscosities inferred from the rate of flow in channels of 
» Flow 6 were about 1.8 X 10° poise 50 m downstream from 
the bocca, where lava surface temperatures were about 
980° C (measured with an optical pyrometer), and about 
© LO x 10° poise near the flow front, where lava surface 
=> temperatures of 962° C were measured (using an optical 
© pyrometer and a thermocouple). In the boccas of Flow 6 
and later flows, maximum temperatures of 1,060° C were 
measured with a thermocouple inserted to 20 cm. 


Activity at the central crater 
We visited the Central Crater at the summit of Etna (3,200 
m) on February 12. There are two pits within the summit 
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Table I Analyses of lavas and bombs* 





JG/EIt IG/E6} 

S10, 47.75 47.74 
TiO, 1.81 1.79 
ALO, 17.25 T25 
Fe0O0, 5.24 5.16 
FeO 5.54 5.62 
MnO 0.22 0.21 
MgO 5,51 5.49 
CaO 10.45 10.46 
Na,O 3.47 3.17 
K,O 1.65 1.65 
P.O, 0.34 0.37 

O, 0.16 0.16 
HLO (total) 0.48 0.39 
Total 99.57 99.46 





* Analysis by A. C. S. Smith (University College, London). Both 
analyses are the mean of duplicate analyses using the atomic absorption 
method. 

+ Fresh bomb ejected on February 7, and partially quenched in 
snow, 

$ Quenched lava from the front of Flow 7 (February t1). 


crater’, but only one, the Bocca Nuova, showed any 
significant activity—the spasmodic expulsion of clouds of 
very fine, brown ash, accompanied by muffled explosions, 
which were estimated to originate from a depth of several 
hundred metres. Quiet emission of fume was occurring at 
both the Chasm and the 1964 Crater, but the NE Crater 
remained inactive. 

The vigorous strombolian activity which characterised 
the Chasm and the Bocca Nuova during parts of 1973 left 
a deposit of ash and bombs near the Chasm. This activity, 
which reached its culmination in November, seems to have 
raised the floor of the Chasm from about 150 m to about 
75 m below its lowest lip. Since then, however, there has 
been a lowering of the Chasm floor. It now falls in a series 
of steps produced by arcuate fractures, towards a deep, 
central pit, 50 m across, from which most of the gas 
emerges. 

This seems to indicate that there has been a drop in 
magma level or pressure on the Chasm-Bocca Nuova 
conduit system, possibly connected with a movement of 
magma away from there, and into the western side of the 
volcano. 

Electromagnetic distance measurements (e.d.m.), on the 
southern side of the volcano, at a height of 2,000 m, 
indicate a significant amount of deflation of the volcano 
since July 1973. A quantitative assessment of the role 
played by the central magma conduit system during the 
eruption described here must, however, wait till the sum- 
mit e.d.m. network can be measured later in 1974. 

A small e.d.m. network was set up on the eastern side 
of the eruptive site (Fig. 1) and repeatedly measured from 
February 10 to February 15. There were no movements 
recorded above the level of error of the measurements, 
(+ 8 mm, Hewlett-Packard 3800 B). 


Eruption type 

Compared with known Etnaean eruptions, this eruption 
had lower rates of effusion, a high viscosity, greater explo- 
sivity, possibly lower temperatures and a higher crystallinity 
of the lavas on extrusion. Ancient eruptive cones with 
small lava flows nearby suggest that, locally, this type of 
activity has been common. 

Rittmann® has classified types of eruption on Etna to 
include: lateral eruptions, which occur because magma 
migrates from the ceatral conduit below the summit crater 
to fissures on the lower flanks: and eccentric eruptions, 
supplied independently of the central magma conduit. The 
differences between the eruption described here and the 
clearly lateral eruptions (for example, the 1971 eruption), 
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considered together with the seismic activity and the dif- 
ferences in petrology between the new lavas and those 
present in the Central Crater a few months before the 
eruption, suggest that this new eruption is fed by a con- 
duit that is not related to the central conduit (eccentric 
eruption). On the other hand, Guest“ noted a rise in 
fumarole temperatures on the western side of the summit 
crater in 1972 (and in 1973), and predicted a westward 
migration of magma from the central conduit. Further- 
more, the summit pits were active up to a few days before 
the latest eruption, but they became inactive after the 
new outbreak, except for deep explosions in the Bocca 
Nuova. This would be expected for a lateral eruption, 
although it does not necessarily preclude an eccentric 
eruption, Unfortunately, heavy snow and bad weather 


conditions prevented distance measuring at the summit. 
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Further work on the petrology and chemistry (Table 1) of | 
the lavas, together with geodetic studies, will help to © 
determine the origin of the eruption. _ ae 

Drs R. Romano and L. Villari of the Instituto Inter- — 
nazionale di Vulcanologia, Catania made available their 
observations and provided help in the field. E 

Guest, Huntingdon and Wadge ackn wledge financial ae 
assistance from the Royal Society for travel and sub- _ 
sistence. Dr M. K. Wells drafted Fig. 1 from a “compilation os 
of field observations. ONS 
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To influence spermatogenesis and sperm maturation, 
androgen has to be transported from the Leydig cells to 
the germinal epithelium and epididymis. This article 
describes extracellular transport and intracellular 
receptor mechanisms for androgen. 








SPERMATOGENESIS is an androgen dependent process which 
can be maintained- in hypophysectomised rats by the 
administration of either tesosterone’ or Sa-dihydrotesto- 
sterone’. Gonadotrophins may exert their effects on sper- 
matogenesis indirectly by way of androgens. The sole action 
of luteinising hormone (LH) seems to result from the 
stimulation of testosterone synthesis by the interstitial 
Leydig cells. Follicle stimulating hormone (FSH) is neces- 
sary for the full maintenance of spermatogenesis, but its 
effects can be mimicked by androgens and blocked by the 
‘anti-androgen’, cyproterone, indicating that its action is 
serially linked with androgen' or that androgen is the 
mediator of FSH action. 


Androgen binding protein 

An androgen binding protein (ABP) with high affinity for 
Sa-dihydrotestosterone (DHT) (Ka = 1.25 xX 10° M~') and 
testosterone (Ka = 0.5 x 10° M~') has been demonstrated 
in 105,000g supernatants of rat testis and epididymis”. 
ABP is produced in the testis, secreted into testicular fluid 
and carried to the epididymis by the efferent ducts*', The 
cencentration of ABP in efferent duct fluid (EDF) (4-8 x 
10-* M) is sufficient to bind testosterone and (or) DHT in, 
a concentration of 13-26 ng ml”', assuming one binding site” 
per molecule ABP (ref. 10). Ligation of efferent ducts 


causes ABP to disappear completely from caput epididy- 
midis supernatant within 3 d, suggesting that the testis is the 
only source of ABP in the epididymis*. ABP must be pro- 
duced within the seminiferous tubules, since it is present 
in EDF and is absent from testicular lymph; also, the 
presence of ABP in testis supernatants following complete. 
destruction of the germ cells by X-radiation or chemicals, 
like nitrofurazon, suggests that ABP is formed by Sertoli. 
cells (Hagenas er al., 


port of testicular androgen to the germinal epithelium as 
well as to androgen-dependent epithelial cells in the 
epididymis. 


ABP in efferent duct fluid and supernatants of 
testis and epididymis 

Concentrations of ABP were measured in testis, efferent 
duct fluid (EDF) and segments of the epididymis from adult 
rats. Testis and epididymis segments were homogenised 
separately at 4° C in three volumes of 50 mM Tris HCl, 
pH 7.4, containing 1.5 mM EDTA, 0.5 mM _ 2-mercap- 
toethanol, and 10% glycerol. Homogenates were centri- 
fuged at 105,000¢ for 60 min. Supernatants and EDF were 
extracted with charcoal (1 mg per mg protein) overnight at 
0° C, to remove endogenous steroids and the charcoal 
remoyed by centrifugation. Total protein was measured in 
each sample by the method of Lowry et al”. 

Binding capacity of ABP was measured by ‘steady state’ 
polyacrylamide gel electrophoresis (SS-PAGE)"*. By thi 
method, 1,2—H-Sa-dihydrotestosterone CH-DHT) is 
solved in the acrylamide solution before it polymeri 
“H-DHT is thus distributed uniformly in the polymerised~ 
gel and remains stationary in the electrophoretic field until 








unpublished observations). It seems 
that ABP might have an important function in the transe =- 
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ig. 1 Concentrations of ABP in 105,000g supernatants 
prepared from segments of rat epididymis in comparison with 
= rat testis (a), efferent duct fluid (EDF) (b), and serum (c). ABP 
owas measured by steady state polyacrylamide gel electro- 
phoresis (SS-PAGE). Samples were adsorbed overnight with 
dextran coated charcoal at O°C (| mg Norit A mg™ protein). 
Charcoal was removed by centrifugation twice at 10,000g in a 
Beckman microfuge, and samples of 100 pl were layered onto 
6.5% acrylamide gels (5x70 mm) containing 10°, glycerol, 
to which 2 nM #H-DHT had been added before polymerisation. 
Electrophoresis was run at 0° C for 2 h, and 2 mAmp per tube 
was applied, Following electrophoresis, the gels were trans- 
versely sliced into 2.3 mm segments which are placed directly 
into counting vials with 10 ml toluene scintillation fluid. After 
standing overnight at room temperature, more than 98%, of the 
radioactivity was extracted into the toluene. Steady state 
between bound and free 7H-DHT is obtained when the level of 
radioactivity in front of the ABP peak is identical to that 
. . behind the peak. At steady state the amount of ?H-DHT in the 
~ peak is a linear function of the total amount of binding protein 
(ABP) present in the sample: Total ABP = Peak ABP(Ky,/[H] + 1) 
“where Kp is the equilibrium constant of dissociation and [H] 
is the concentration of the *H-DHT in the gel. 


it is bound by protein moving through the gel. After 
electrophoresis, the gels are sliced and the radioactivity is 
measured in each slice. A steady state between bound and 
free radioactivity is reached when the level of free radio- 
-activity behind the binding protein peak equals the level in 
- front. The concentration of binding protein can then be 
determined (assuming one binding site per protein 
molecule). 

The concentration of ABP in EDF expressed as “H-DHT 
binding capacity at saturation (pmol per mg protein) was 
much higher than in testicular and epididymal supernatants 
(Fig. 1). There was sufficient ABP in EDF to account for 
all the ABP measured in supernatants of testis and 
epididymis. Since the primary fluid from the seminiferous 
tubules becomes diluted before reaching the rete testis”, 
the concentration of ABP surrounding the germinal epithe- 
lium might be even higher than in EDF. The relatively 
= large amount of ABP in caput epididymidis supernatant 
=> compared with testis supernatant, probably results from 
absorption of water as the testicular fluid passes through the 
efferent ducts and the first segment of caput’, and may 
o reflect a larger proportion of luminal fluid per unit of 
sue weight. ABP concentration in epididymis super- 
natants decreases from segments I to V (Fig. 1). Further, 
-the amount of ABP leaving the epididymis through the vas 
_ deferens is much less than that which enters into the caput, 
-suggesting that the “H-DHT binding activity of ABP is 
destroyed during passage through the epididymis. Although 
the exact role of ABP in the caput’ epididymidis is not yet 
known, it probably concentrates large amounts of andro- 
gen in the lumen close to the spermatozoa and surrounding 
epithelial cells. The concentration of endogenous DHT in 
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the caput epididymidis of rats (40-60 ng per g tissue)” is 
several times higher than in any other body tissues so far 
examined, and is very similar to the concentration of ABP. 


ABP production is stimulated by FSH 

To establish the relationship. between the production of 
ABP and maturational changes in the testis, ABP was 
measured in rats of various ages. At I and 2 weeks of age, 
testis and epididymis contained negligible amounts of ABP; 
at 3-4 weeks, however, increasing amounts of ABP were 
detected. After 4 weeks, ABP levels increased rapidly in 
the caput, reaching a peak at about the time of puberty 
(8 weeks) and decreasing in the adult to about 50% of the 
pubertal value’®. Since the appearance of ABP corres- 
ponded with the onset of gonadotrophin secretion in the 
immature rat”, the effect of hypophysectomy on the levels 
of ABP was examined in rats at 5 weeks of age. Three days 
after hypophysectomy, the concentration of ABP in caput 
epididymidis supernatants was only about 40% of that in 
intact littermates, and by the 10th day, ABP had completely 
disappeared from both testis and epididymis. Evidence that 
this action of the pituitary is mediated through gonado- 
trophins, and not some other pituitary factor, was obtained 
by the injection of a human gonadotrophin preparation, 
containing both FSH and LH, to adult hypophysectomised 
animals. FSH-LH administration for 5 d caused a distinct 
increase of ABP in the testis supernatant (Fig. 2). The 
ABP concentration was more than 10 times higher than in 
the hypophysectomised controls and almost twice as high 
as in the intact littermates. These findings strongly indicate 
that ABP production is under pituitary control both in 
immature and adult rats. 

Highly purified preparations of human FSH and LH were 
then used to examine their separate effects on ABP pro- 
duction. In 5-week-old intact rats, FSH injected sub- 
cutaneously for 10 d markedly increased the concentration 
of ABP both in the testis and the caput epididymidis, while 
LH treatment had no significant effect’®. Similar results 
were obtained when rats were hypophysectomised at 5 
weeks and started on daily injections of FSH 10 d later. 
After treatment for 10 d, FSH restored ABP levels in testis 
and epididymis supernatants’®. When increasing doses of 
highly purified FSH were injected intramuscularly to im- 
mature rats, there was a linear increase in ABP concentra- 
tion in caput epididymidis at doses between 2-10 ug of FSH 
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Fig. 2 Effect of FSH + LH treatment on ABP levels in rat 
testis. Adult rats in groups of four were hypophysectomused for 
19 d. From day 20 after hypophysectomy, each animal was 
injected daily with 75 IU FSH 25 1U LH or saline only. 
After treatment for 5®d, the testes were examined for ABP as 
described in Fig. |. a, Sham operated; b, hypophysectomy for 
». 19 d and saline for 5 d; e, hypophysectomy for 19 d and 
FSH + LH for 5d. I ABP: H, albumin. ABP, 100% ina, 14% 
in b and 157° inc. 
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0.28U 0.06 U L9 U 500 ug 
(4x) (20 x } 
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Fig. 3 Specific stimulation of ABP by FSH. Rats in groups of 
four were hypophysectomised at 28 d of age and injected with 
0.14 or 0.28 NIH units FSH-P, (total dose). The injections were 
started on day 30. Parallel groups of animals were Injected with 
high doses of LH, thyroid-stimulating hormone (TSH), ovine 
prolactin (O- PRL), human growth hormone (HGH), testo- 
sterone propionate (TP) and oestradiol-I7B (Ep. (20%), 
Twenty times the maximum contamination of LH or O-PRL in 
0.28 units FSH-P,; (4x )tfour times the maximum contamin- 
ation of TSH in 0.28 units FSH-P,. 


(ref. 18). Administration of testosterone propionate (TP) 
in increasing doses (10-100 ug per 90 g body weight) to 
intact 50-d-old (pubertal) rats caused a dose-dependent 
decrease in ABP concentrations in both testis and epididy- 
midis, indicating that ABP is sensitive to feedback suppres- 
sion of pituitary gonadotrophins”’. 

FSH stimulation of ABP both in intact and hypophy- 
sectomised animals is specific, since no increase in ABP 
could be obtained using other pituitary hormones or sex 
steroids (Fig. 3). The sensitivity of the ABP response to 
FSH is comparable with that of the ovarian augmenta- 
tion test”’'. Significant stimulation of ABP in hypophy- 
sectomised animals was obtained with as little as 2 IU of 
FSH (equivalent to about 0.08 NIH units). The ABP res- 
ponse diminished with time after hypophysectomy but was 
restored by pretreatment with high doses of TP (0.5-16 mg 
TP per 90 g body weight) (unpublished observations). 
Similar augmentation of the ABP response to FSH was 
obtained by pretreatment with LH. The enhanced response 
to FSH following androgen priming is reflected in increased 
concentrations of ABP both in testicular and epididymal 
supernatants; however, it remains to be determined whether 
TP priming increases Sertoli cell production of ABP or 
decreases the rate of ABP degradation. 


Androgen receptors in epididymal epithelium 
After testosterone is taken up by epithelial cells of the 
epididymis, it is rapidly converted to severa] metabolites, 
with DHT and = Sa-androstane-3a,17B-diol as major 
products”. DHT is bound to intracellular andregen re- 
ceptors in the cytoplasm’, subsequently transported into 
the nucleus and bound to nuclear chromatin". DHT- 
receptor complexes. can be extracted from epididymal 
nuclei in 0.4 M KCI and have a sedimentation constant of 
33.58 (refs 22, 25 and 26). 

Epididymal cytoplasmic receptor (CR) has physical pro- 
perties and steroid specificity very similar to the ventral 
prostate receptor™ ">"; both are highly specific for DHT. 
They also have similar electrophoretic mobilities by PAGE 
(Rx = 0.4), similar sedimentation rates by sucrose gradient 
centrifugation (8S and 4S) and similar elution volumes by 
Sephadex G200 gel filtration”. Both are destroyed by 
heating at 50° C for 30 min and lose binding activity after 
treatment with sulphydryl blocking agents, such as PCMPS 
(1 mM)****, A characteristic feature of “H-DHT-CR com- 
plexes of epididymis and prostate is the sae slow rate of, 
dissociation at 0° C (n 0° C > 4d) (refs 25, 27). This pro- 
perty clearly distinguishes “H-DHT-CR from *H-DHT-ABP, 
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Androgen receptors in the semin i 


The evidence for androgen action o 
prompted studies to discover androgen’ 
seminiferous tubules. Immature Sprague-Dawle 
physectomised at 25 or 35 d of age were used. 
twenty-four days after hypophysectomy, animals in g 
of 10 or 20 were eviscerated, functionally hepatectomis 
and injected intravenously with “°H-testosterone. W. 
testes or washed seminiferous tubules were homogenise 
three volumes of 50 mM Tris HCI buffer, pH 7.4, contat 
0.32 M sucrose and 3 mM MgCl: (TSM buffer); l 
105,000g supernatants prepared similarly from epidids 
— prostate. Binding was examined by PAGE (re 

), Sephadex G200 gel filtration’’’, and by sucrose. 
ise a : 

Testicular cytosol fractions contained an ari 
protein complex moving as a symmetrical peak of pro 
bound radioactivity with an R, of 0.4 (Fig. 4). The mot 
of this androgen—protein complex was different from- 
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Fig. 4 Cytoplasmic receptors (CR) in testis (upper) and 
epididymis (lower) different from testicular androgen binding 
protein (ABP). Sprague-Dawley rats were hypophysectomised 
at 34 d of age. At different intervals afterwards (a, 3; b, 10 and 
c, 24 d) animals in groups of 10 or 20 were eviscerated and 
functionally hepatectomised**. Five ml of 5% glucose in water 
and 200 ug cortisol were given subcutaneously 1 h before the 
operation. *H-testosterone (91 Ci mmol™, 50 pCi) was then 
injected into the femoral vein, and the animals were killed aft 
3 h. Testis and epididy mis 105 ,000g supernatants (100 ul) 
layered over 3.25% acrylamide gels (5x60 mm) containing 
0.5° agarose”. Electrophoresis was run for 2 h at 0° C and- 
1.5 mAmp per tube. After electrophoresis, the gels were sliced ¥ 

and counted as in Fig. H. 
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of ABP (Rx, = 0.71), but very similar to the CR of the 
epididymis and ventral prostate, which were run simul- 
taneously for comparison. When the seminiferous tubules 
were separated from interstitial tissue, CR was present in 
the seminiferous tubular fraction, No androgen binding was 
detected in cytosol fractions of the interstitial tissue. Radio- 
activity bound to CR was eluted from the gel and identified 
by thin layer chromatography (TLC) and crystallisation of 
the isolated metabolites to constant specific activity. Only 
testosterone (60%) and DHT (40%) were bound to tes- 
ticular CR, though these androgens were relatively minor 
fractions of the total labelled metabolites. Most of the 
radioactivity in the testis supernatant chromatographed 
with Sa-androstane-3a,178-diol and more polar meta- 
bolites. In the same animals, the radioactivity bound to 
the epididymal and prostate CR was more than 90% 
“H-DHT. 

Gel filtration chromatography of a similar aliquot of 
testicular supernatant yielded one peak of bound radio- 
activity in or close to the void volume of the Sephadex 
G200 column. The elution position of the steroid—receptor 
complex was similar to that of receptors in epididymis and 
prostate supernatants’, but different from the “H-DHT- 
ABP complex which has a Stokes radius of 47 A (refs 6, 7, 
24). The bound radioactivity was extracted and again identi- 
fied by TLC and crystallisation as testosterone (55%) and 
DHT (45%). Centrifugation of these supernatants through 
5-20% linear sucrose gradients (sucrose solution in 50 mM 
Tris HCI, pH 7.4, containing 1 mM EDTA, 0.5 mM 2- 
mercaptoethanol and 10% glycerol) gave one nondis- 
placeable peak of bound radioactivity sedimenting as 6-85. 

To establish the receptor identity of CR in testis super- 
natant, the temperature stability and the dissociation of the 
androgen—protein complex were compared with cytoplasmic 
receptor in epididymis. Twenty animals, 25-d-old, were 
hypophysectomised and injected with “H-testosterone 3 d 
later. Testicular and epididymal 105,000g supernatants 
were heated at either 25° C or 50° C for 30 min, and 
binding analysed by PAGE. Androgen-CR complexes in 
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Fig. 5 Schematic drawing of androgen action in the testis and 
epididymis. Testosterone (T) is secreted from the Leydig cells 
due to LH stimulation. Most of the testosterone is removed 
from the testis bound to different binding proteins in blood and 
lymph. ABP is produced by the Sertoli cells due to FSH 
stimulation and secreted into the seminiferous tubules. There, 
ABP generates a diffusion potential causing a net inflow of 
testosterone and accumulation of androgens. FSH also causes 
an increased secretion of ABP (and androgen) from the testis 
into the epididymis, by the way of the efferent duct fluid. 
Testosterone which enters the epididymis is activated by the 
formation of DHT. DHT bound to receptors is translocated to 
the cell nucleus, initiating the different metabolic processes 
necessary for sperm maturation. 

A, Ad = A,-adione; Sa Ad = Sa adione; 
Ast = Asterone; 36 Ad = 38 adiol; Epi-andr = epiandrosterone 
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both testis and epididymis were stable after heating at 
25° C, but were destroyed by heating at 50° C. Similar heat 
stability was found for the androgen—protein complex 
excluded from Sephadex G200 and the 6-8 S complex 
obtained by sucrose gradient centrifugation. This heat 
sensitivity was identical to that of the prostate cytoplasmic 
receptor’****", but different from that of ABP which was 
stable at 50° C (refs 6, 8, 24, 25). Dissociation of the 
labelled androgen-CR complexes was examined by PAGE 
after incubation of in vivo labelled supernatant with a large 
excess (10 wg) of unlabelled DHT for 2 h at 0° C. Dissocia- 
tion of the androgen—CR complex in testis was negligible 
as was the dissociation of the androgen-receptor complex 
in epididymis. This extremely tight binding of androgen by 
the testis CR at 0° C (ma 0° C = 35 h) is similar to the 
binding by androgenic receptors in the epididymis and 
prostate, giving further support to a receptor function of 
testicular CR. Evidence for translocation of cytoplasmic 
androgen—receptor complexes into testis nuclei was obtained 
from the demonstration of androgen binding macro- 
molecules in purified nuclei with steroid specificity identical 
to CR. These androgen—protein complexes could be ex- 
tracted with 0.4-1 M KCI following injection of *H-testo- 
sterone and had a sedimentation of 3—45. 

Our results support the view that the germinal epithelium 
of rat testis is an androgen-dependent target tissue. The 
intracellular receptors for androgen demonstrated here 
probably mediate the androgenic stimulus to spermato- 
genesis. It is not yet clear which cells within the semini- 
ferous tubules contain CR. Spermatocytes show typical 
‘target tissue’ metabolism of “C-testosterone to DHT and 
Sa-androstane-3a,17B-diol®. Also the formation of these 
metabolites by the rabbit testis is greatly reduced after 
selective destruction of the germinal cells of the semini- 
ferous tubules by heat”. The persistence of CR for as long 
as 24 d after hypophysectomy, however, indicates that CR 
is present in either Sertoli cells, spermatogonia or primary 
spermatocytes, since these were the only cell types remain- 
ing. To what extent the germinal epithelium cells are 
capable of retaining the CR-androgen complexes in their 
nuclei remains to be determined. Further studies are 
necessary to determine whether androgen acts directly on 
proliferating germ cells or stimulates spermatogenesis by 
an indirect action on the Sertoli cells. 

The demonstration of androgen—receptor complexes in 
cytoplasmic and nuclear fractions of seminiferous tubules 
supports the concept that spermatogenesis is an androgen- 
dependent process. LH stimulates spermatogenesis by in- 
creasing androgen production by the Leydig cells. FSH 
stimulates production of ABP, presumably by the Sertoli 
cells, thereby increasing the binding and accumulation of 
androgen within the seminiferous tubules close to 
androgen-dependent cells of the epithelium (Fig. 5). ABP 
might, therefore, act as an essential androgen concentrating 
factor, which seems to be under control of FSH. In addi- 
tion, FSH stimulation of ABP secretion into testicular fluid 
increases the amount of ABP (and androgen) transported 
to the caput epididymidis by the efferent ducts. Tes- 
tosterone, which is taken up by epididymal cells both from 
the lumen and the circulating blood is ‘activated’. by 5a- 
reduction to form DHT. DHT bound to cytoplasmic 
receptors is transported into the cell nuclei where the 
androgen-receptor complex binds to chromatin and 
initiates metabolic processes which are necessary for sperm 
maturation. After releasing its bound testosterone to 
epithelial cells, ABP is free to bind testosterone or DHT 
which diffuses into the lumen from the blood or epithelium. 
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A sialoglycoprotein enzyme hydrolysing nucleotide pyro- 
Phosphate bonds is a major externally located component 
on the hepatocyte surface membrane. 


MEMBRANE-BOUND enzymes play a paramount role in the 
control of cell metabolism. Enzymes located on the surface 
membrane occupy a crucial position for control of the inter- 
action of cells with the external environment. To assess the 
role of cell surface membrane enzymes in metabolic regulation 
and cell surface phenomena, knowledge of the location of these 
enzymes, especially with regard to the outer or inner faces of 
the membrane is desirable. By using an enzymic technique? 
to label the surface membrane of isolated cells and a sub- 
cellular fraction derived from the liver cell surface, | show that 
nucleotide pyrophosphatase, an enzymic marker in plasma 
membrane isolation studies’, is externally located on the 
hepatocyte. 

Nucleotide pyrophosphatase was purified from liver plasma 
membrane as a sialoglycoprotein of molecular weight 130,000 
and is a major constituent of liver plasma membranes‘. The 
external location of the nucleotide pyrophosphatase accounts 
for the failure of nucleotides to enter the liver in metabolic 
experiments’. The fact that the nucleotide pyrophosphatase 
is on the outside of the cell, whereas the sugar transferases are 
on the Golgi apparatus*’’, strongly suggests that mechanisms 
proposing a role for membrane transferases in intercellular, 
adhesion’?! and the uptake of serum glycoproteins’ are. 
unlikely to be generally operative. 










lodination of liver plasma membranes 


Plasma membranes were prepared from liver homogenates. 
population of vesicular membrane profiles derived from 
sinusoidal, canalicular and contiguous faces of the hepate 
cyte? 134. They were labelled with 1I by using the l 
peroxidase-catalysed iodination procedure in which H0. 
generated by a glucose-glucose oxidase system’. This iodinat 
technique was shown to label specifically and covalently the 
external face only of erythrocytes, erythrocyte ghosts!, liver : 
‘microsomal’ vesicles, and lymphocytes'*. Iodinated, washed 
liver plasma membranes were dissolved in sodium dodecyl 
sulphate, and the polypeptides separated, mainly on a mole- 
cular weight basis, by electrophoresis in flat sheets of poly- 
acrylamide”. Figure la shows liver plasma membranes tọ | 
consist of at least 30 polypeptides, of which about six of the. 
components in the higher molecular weight range are glyco- 
sylated. lodinated plasma membranes contained two major 
peaks of 'I-radioactivity corresponding to glycosylated —__ 
polypeptide bands of apparent molecular weight of 130,000 and =- 
100,000 (Fig. 1b). E 

The enzymic identity of one of the major iodinated poly- 
peptides in liver plasma membranes was established by copuri- 
fication of !**I-radioactivity and nucleotide pyrophosphatas 4 
activity peaks. Since the enzyme also hydrolysed phosphodiest 
linkages‘, it was more convenient to monitor purificatior 
enzyme by measuring alkaline phosphodiesterase acti 
hydrolysis of the artificial substrate thymidine 5’-monop | 
phate p-nitrophenol ester. Iodinated plasma membranes, = 
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Fig. 1 Electrophoretic separation on polyacrylamide gels of 
iodinated liver plasma membranes (a, b) and isolated hepatocytes 
(ec). Liver plasma membranes were prepared from ‘nuclear’ 
pellets by a rate zonal procedure'*, or from a ‘microsomal’ 
fraction by density gradient centrifugation®. Livers were dis- 
sociated by perfusion through the portal vein with hyaluronidase 
and collagendse*'. Membranes (13 mg protein) or hepatocytes 
(1 x 10° cells) suspended in 0.8 mi phosphate buffered saline 
containing 5 mM glucose were iodinated with 0.4 to 0.6 mC; 
carrier-free 1%] for 15-30 min at 20°C in the presence of 100 pg 
lactoperoxidase (Sigma) and 24 ug glucose oxidase (Worthington 
Biochemicals)’. lodinated membranes (a, b) were washed six 
times by centrifugation in water, and then dialysed against 
water until the dialysate was free of radioactivity, before dissolv- 
ing by heating in 2% sodium dodecyl sulphate~-4 M urea-1% 
mercaptoethanol. Iodinated hepatocytes (c) were washed six 
umes in phosphate buffered saline by centrifugation at 50g for 
2 min and then suspended for 15 min at 37° C in 1 ml phosphate- 
buffered saline containing I% deoxycholate and 25 ug DNase. 
The supernatant, containing 90°% of !"1 radioactivity attached 
to the cells, was mixed with sodium dodecyl sulphate—urea— 
mercaptoethanol. Membrane polypeptides and extracts of cells 
were resolved by flat plate electrophoresis in 8.5 °4 polyacrylamide 
gels equilibriated in 0.1% sodium dodecyl sulphate”. Plasma 
membrane polypeptides were stained for protein with Coomassie 
Blue and the bands densitometrically traced at E;,, (a). Glyco- 


proteins (hatched areas) were identified by using the Schiff — 


periodate reagent’*. Gels were then cut,into thin slices of equal 

length with a blade and !*I-radioactivity determined on a y- 

counter (b, c). In the absence of lactoperoxidase, fewer than 5% 

of the counts were incorporated and no peaks of radioactivity 

associated with protein were present in gel separation of mem- 
branes or cells. 
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solubilised in the detergent N-laury!] sarcosinate’®, were added 
to a Sepharose 6B column, and the resolution of '**I-radio- 
activity, protein and two plasma membrane marker enzyme 
activities—-phosphodiesterase and 5’-nucleotidase followed 
(Fig. 2). A close coincidence between a peak of radioactivity 
and of phosphodiesterase activity was observed. Column 
fractions corresponding to the phosphodiesterase and 5’-nucleo- 
tidase peaks were pooled, concentrated and analysed by poly- 
acrylamide gel electrophoresis. Figure 3a indicates that the 
phosphodiesterase activity peak corresponds to the '**I-radio- 
activity peak of molecular weight 130,000 present in plasma 
membranes (Fig. la, b). The 5’-nucleotidase activity peak from 
the column that overlapped the trailing edge of the phospho- 
diesterase activity peak (Fig. 2) also contained a small }*°l- 
radioactivity peak of molecular weight 130,000 but the main 
peak of -radioactivity was at molecular weight 100,000 
(Fig. 3c). 

A sialoglycoprotein with dual specificity towards nucleotide 
pyrophosphate and phosphodiester bonds was purified from 
liver plasma membrane as a single band on polyacrylamide 
gels of apparent molecular weight 130,000 (ref. 4). The above 
results, therefore, suggest that the enzyme was iodinated. But to 
examine more directly the relationship between, the enzyme 
activities separated by gel filtration and peaks of radioactivity 
resolved on polyacrylamide gels, the two enzyme activity peaks 
collected from the Sepharose column were also electrophoresed 
in polyacrylamide gels equilibrated in buffers containing 
deoxycholate (Fig. 3b and d). Although the resolution of mem- 
brane components in gels equilibrated in deoxycholate-buffer 
was inferior to that obtained in sodium dodecyl sulphate-buffer 
as judged by protein staining, the major }*l-radioactivity and 
phosphodiesterase peaks were coincident (Fig. 34). But the 
major 5’-nucleotidase activity peak did not coincide with the 
125] radioactivity peak of molecular weight 100,000 (Fig. 3d). 

The overall results show that the alkaline phosphodiesterase- 
nucleotide pyrophosphatase of liver plasma membranes was 
iodinated by the adopted procedure, since enzyme activity, 
125]-radioactivity and the molecular weight determined inde- 
pendently on purified enzyme were coincident. The liver plasma 
membrane fraction prepared consisted of closed vesicles. 
Studies with similar vesicles of a liver microsomal fraction have 
shown that they are impermeable to lactoperoxidase, and only 
proteins on the external face of the microsomal membrane were 
iodinated'®, One may conclude, therefore, that the sialoglyco- 
protein functioning as a phosphodiesterase-nucleotide pyro- 
phosphatase is located on the outer surface of the liver plasma 
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Fig. 2 Gel filtration on a Sepharose 6B column of a sarcosyl 
extract of iodinated liver plasma membranes. lodinated mem- 
branes were extracted with a 4° sarcosyl, 2.1° Tris buffer pH 
7,9428, and the extract, after concentration by pressure filtration 
across Diaflow XM/50 filters, was resolved in a column equili- 
brated with 0.2% sarcosyl buffer. Column fractions were assayed 
for protein at Ess ( A)O"1(C), 5’-nucleotidase’ (@) and alkaline 
phosphodiesterase’ (ff) activities. The activity peaks of 
phosphodiesterase (tubes 35-39) and 5’-nucleotidase (tubes 
kd x 
42-48) were concentrated by pressure filtration across 
Diaflow UM 50 filters. 
*Phosphodiesterase or 5’-nucleotidase (arbitrary units). 
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membrane vesicles. Carbohydrate chains of glycoproteins are 
externally orientated on surface membranes, and the liver 
plasma membrane contains sialic acid on its outer surface’. 
It is highly likely that the plasma membrane vesicles used in the 
present study were of a normal ‘right side out’ orientation, but 
to obtain further evidence for the external location on the liver 
surface membrane of the labelled sialoglycoprotein enzyme, 
free hepatocytes were prepared and iodinated in the same 
manner. 


lodination of isolated hepatocytes 


Perfusion in situ of rat liver through the portal vein with a 
Krebs-Ringer medium containing collagenase and hyalur- 
onidase dissociates the lobules into cells?!. Hepatocytes, 
separated from the Kupffer, endothelial and other cells by 
repeated low-speed centrifugation, were iodinated as described 
for the plasma membrane fraction’. The iodinated cells were 
briefly. incubated in a medium containing deoxycholate and the 
extracts then analysed by polyacrylamide gel electrophoresis in 
sodium dodecyl sulphate-buffer (Fig. 1c). Many peaks of 
128]-radioactivity were obtained, and one major peak corres- 
ponded in its molecular weight position to one of the two major 
iodinated peaks obtained with isolated plasma membranes. The 
coincidence in molecular weight of a '“*I-radioactivity peak of 
apparent molecular weight 130,000 both in a plasma membrane 
subfraction and cells supports the conclusion that the phospho- 
diesterase-nucleotide pyrophosphatase is located on the surface 
of the hepatocyte. The presence of a greater number of labelled 
components on hepatocytes compared with isolated plasma 
membranes contrasts with the results obtained with iodinated 
erythrocytes’. It may be caused by damage to the outer cell 
surface of the hepatocyte occurring during the enzymic treat- 
ment used to dissociate the tissue, or to the presence on the 
cells of tightly-adsorbed nonmembrane proteins. 


Implications for membrane functioning 


To resolve the molecular basis of events occurring at the cell 
surface, a number of chemical’? and enzymically catalysed 
labelling reagents? have been used to identify molecules 
externally located on the surface membrane. These studies, 
initially made on erythrocytes** and later extended to include 
platelets**, fibroblasts**, lymphocytes'®:** and cultured cells? 28, 
in general identify glycoproteins of high molecular weight 
among the labelled components. For example, lymphocyte and 
sarcoma ascites tumour cell plasma membranes possess a major 
protein of molecular weight 130,000 that was labelled by 
iodination’*-**, These studies do not, however, assign a direct 
functional role to the iodine-labelled cell surface membrane 
components. My experiments show that a glycoprotein com- 
ponent located on the outer face of the hepatocyte surface 
membrane possesses nucleotide pyrophosphatase activity. 

The rapid degradation of nucleotides, for example, NAD, 
ATP, UDP-galactose by perfused livers® is now explained. 
Hydrolysis by the blood sinusoidal surface membrane of sugar 
nucleotides yields nucleotide monophosphates which may be 
further degraded by nucleotide monophosphatases, for example, 
5’-nucleotidase which, although not significantly labelled in the 
present experiments, was also shown by the use of antisera?’ 
and by cytochemical studies”! to be externally located on liver 
surface membranes. These enzymes may be components of a 
metabolic network of enzymes integrated to varying degrees into 
the surface membrane and functioning in the transport of 
nucleotides across the cell surface. 

Cell surface galactosyl transferase activity transferring 
galactose from sugar nucleotides to gglactosyl acceptors has 
featured in proposed intercellular contact mechanisms!!! and 
the enzyme was also implicated as a binding site on liver plasma 
membranes for asialoglycoproteins!*. But subcellular frac- 
tionation studies of the liver have clearly distinguished between 


393 


= 
re 


eprore 
moraerien EY 


pairere 
nnn ae 


OEA SEEE EONS PAE E EE E 


E 
i y 
| 
7.5 
9 \ | Ji: 
Sün | \ | 8 y 
ka F 
| cent | i i z 
$ 2 
a5 i AP & pry Vee 4 3 
i sd } $ i 
ORP Oo OOM Dy, 2 us 
oe LET IES ROR SPM CRT DR ees 


SU (counts, 100s x10% 


(arbitrary units) 








LA ~) = 
co Let a 
—— a ee a] 
0 
Tera 
AL PE EEEE, EEA EEE 
aa = 
Alkaline phosphodiesterase 


_. a \ 
co? ted Cg bocca AY a \42 
! ae tll Ce A 
G l 232 323 4 Ọ i 3 3 
Distance along gel (cm) 





Fig. 3 Polyacrylamide gel electrophoresis of the alkaline phos- 
phodiesterase (a, b) and 5’-nucleotidase (e, d) activity peaks | 
separated by gel filtration (Fig. 2). The concentrated samples 
were electrophoresed in gels equilibrated in Tris-glycine buffers 
containing either sodium dodecyl sulphate (a, c) or deoxycholate 
(b, d)*. Enzyme activities (expressed as arbitrary units) were 
determined on dispersed gel fragments after determination of 
125} radioactivity (©). 


Golgi and plasma membrane fragments** and shown that galac- a 
tosyl transferases are Golgi enzymes and are not significantly ` 


located on the plasma membrane. Therefore in liver, and pro- 
bably other cells, galactosyl transferases are not directly involved 


in cell surface phenomena. My results reinforce this conclusion, = 
since even if some transferases were on the cell surface, the 
presence of the nucleotide-phosphophatase would ensure a = 
rapid disappearance of the transferase substrates, unless a lateral 


topographical separation of enzymic activities was invoked. 


Nucleotide pyrophosphatases-alkaline phosphodiesterases have ni 


been detected on a number of mammalian surface mem- 
branes*-32-23 and such an enzyme is probably one of the surface 
components of approximate molecular weight 100,000 shown 
to be iodinated on various cells. But the generalisation that this 
enzyme is always located externally on the cell surface membrane 
as currently shown for hepatocytes, must await copurification 
of enzymic and radioactivities in other cells and tissues. Cul- 
tured hamster cell lines were shown indirectly to contain an 
externally located surface membrane nucleotide pyrophospha- 
tase, and the enzymic activity was absent in virally transformed 
cells?!:34, The present identification thus focuses on a molecular 
difference between normal and virally transformed cell lines of 
a cell surface sialoglycoprotein enzyme”. 

I thank Dr H. R. Perkins for advice and Mrs D. O. Hood 
and Mrs J. Stringer for assistance. 
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The sequence of 33 nucleotides immediately preceding the 
start point of transcription of an operon in bacteriophage 
lambda has been determined. This region includes recognition 
sites for lambda repressor and, probably, for other proteins. 
The sequence contains interdigitating symmetries. 


Two loci on the DNA of bacteriophage }—-the operators— 
contain multiple repressor binding sites. Superimposed on each 


S . Operator are sites recognised by a restriction endonuclease (Hin) 
and by E. coli RNA polymerase'~*. At each operator (Fig. 1), 


repressor preferentially binds to a terminal site and the remaining 
sites. are filled in the direction opposite to that of transcription 
of the adjacent controlled operon. Operator O,, for example, 
controls leftward transcription of gene N. Repressor (probably 
a dimer)? first binds to a 30-35 base pair site (S,) proximal to N, 
and additional molecules (probably monomers) add sequentially 
to the right, filling five 15-base pair sites of lower repressor 
affinity. Each operator contains a single Hin target between the 
-frst and second repressor binding sites. At O,, this site is 


a -located immediately to the right of S,. The region of each 
“Operator recognised by RNA polymerase includes or is imme- 


diately adjacent to the Hin site**. O, is not transcribed in vivo 
(ref. 7 and H. Lozeron, personal communication); the start- 
point of leftward transcription is to the left of S,. 

We report here the nucleotide sequence of 33 residues between 
the Hin site in O, and the start point of leftward transcription. 
We also confirm the sequence of the first 26 residues to the left 
of the transcription start point, originally determined by 
analysis of an RNA transcript (J. E. Dahlberg and F. F. 
Blattner, in preparation). We refer to this latter sequence as the 


5’ end of N, although it is not known where translation of N 
begins. We present here the essentials of our arguments and our 
conclusions; details of the sequence determination will be pre- 
sented elsewhere. 


Experiments and results 


When à DNA is digested with Hin, about 50 different double- 
stranded fragments are generated. One of these, which is about 
1,125 bases long (Hin 1125) contains S,-S,, and another contains 
S, (Fig. 2)?:3. We purified microgram quantities of Hin 1125 by 
gel electrophoresis, and used it to prime de novo synthesis of one 
strand of S, as follows. Denatured Hin 1125 was reannealed in 
the presence of approximately equimolar quantities of purified 
A / strand DNA. The r strand of the annealed Hin 1125 was 
then extended into S, by incubating the mixture with E. coli 
DNA polymerase I in the presence of Mn?**, ribo-CTP or ribo- 
GTP and the appropriate three deoxynucleoside triphosphates, 


cl OR 
75 30 
ko = 4 


Hin 


tof 









Fig. 1 Schematic representation of the A operators and adjacent 
genes. The wavy arroys show the direction of transcription of the 
repressor-controlled genes N and tof. Two arrows indicate the order 
of repressor binding from the first sites (S, and S ,) to the final 
sites (S and S'a) in O, and Og. The Hin cutting sites inO, and Og 
are indicated along with the number of base pairs within the 
operators on either side of each Hin cut. The repressor gene is cl. 
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Fig. 2 Schematic representation of primed DNA synthesis at the 
leftward operator O,. The lines labelled / and r represent, respec- 
tively, the / strand of à DNA and the r strand of the restriction 
endonuclease fragment Hin 1125. Repressor binding sites within 
O, are designated $,-S,. The boundary between O, and the start- 
point of transcription of gene N is indicated by the dashed vertical 
line. The varying lengths of in vitro synthesised DNA resulting from 
asynchronous chain growth are represented by the wavy lines. The 
restriction endonuclease (Hin) cleavage sites at the extremities of 
Hin 1125 are indicated. 


one of which was labelled in the a position with 2P. The 
in vitro product of interest was then released from the template- 
primer complex by Hin digestion followed by denaturation. In 
some cases the product was digested with RNase without Hin 
digestion. The labelled oligonucleotides were fractionated and 
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Fig. 3 a, Two-dimensional fractionation of the products of a 
restriction-fragment-primed DNA polymerase I reaction. A total 
volume of 250 pl contained: 12 pg purified A / strand DNA?!, 
l ug Hin 1125 DNA®, 67 mM Tris-HCl, pH 7.4, 0.67 mM MnCl, 
I mM 2-mercaptoethanol, | mM ribo-GTP, 0.025 mCi a—32P-dATP 
(100 Ci mmol~), 0.05 mM dTTP, 0.05 mM dCTP, 20 u! DNA 
polymerase | (approximately 1-5 units). The reaction was started 
by the addition of DNA polymerase and incubated at 8° C, After 
30 min the reaction mixture was extracted with phenol, and residual 
phenol removed by several ether extractions. The products were 
dialysed overnight against Hin buffer?*. To release the newly 
synthesised DNA from the restriction fragment, the sample was 
digested for 2 h with exonuclease-free Hin prepared as described 
previously®. The sample was precipitated by the addition of 1/10 
volume 3 M sodium acetate and two volumes of ethanol. The 
precipitate was taken up in 5 ul of H.O, sealed in a capillary, heated 
to 100° C and cooled in an ice bath. The denatured sample was 
fractionated in the first dimension by electrophoresis on cellulose 
acetate in a pH 3.5 buffer containing 5 mM EDTA and 7 M urea. 
The second dimension was homochromatography using a 7% 
unhydrolysed RNA mixture. The approximate chain lengths of 
the products are shown. b, Two-dimensional fractionation of an 
R Nase digest of a ribo-G-substituted oligonucleotide. The sequences 
of the various products are indicated on the figure. The primary 
product, about 40 bases long, was elutedgfrom the homochrom- 
atography plate of (a) and digested overnight with 5 ul of a 
solution containing 10 mg mi~! RNase T, in 0.05 M Tris-HCl, 
pH 7.4, and 0.005M EDTA. The digest was fractionated as in (a)® 
except that a 3% RNA mixture hydrolysed for 30 min was used in 
the second dimension. 
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their sequence was determined using methods described by 
Sanger et al,*. 

A typical experiment was as follows. The product of a Hin 
1125-primed synthesis, polymerised from rGTP, dTTP, dCTP 
and **P-labelled dATP, was separated from the template primer 
complex by Hin digestion and subjected to two dimensional 
fractionation (Fig. 3). The homochromatography mixture used 
in the second dimension separates oligonucleotides of lengths 
about 1-80 bases. The products seen in Fig. 3a have a common 
5° end (produced by Hin digestion) but differ in the 3’ ends 
because of asynchronous growth of the chains. Each fractionated 
product was eluted, digested with ribonuclease T,, and again 
subjected to two-dimensional fractionation. Figure 36 shows a 
fingerprint of the oligonucleotides generated by RNase T, 





Fig. 4 Two-dimensional fractionations of snake venom exo- 
nuclease (a) and spleen exonuclease digests (b) of the 15-base long 
ribo-G terminated product, A-C-A-T-A-A-A-T-A-C-C-A-C-T-rGp. 
The digests were fractionated as described in the legend to Fig. 3. 
From the distance and angle of shift between a digestion product 
and that product with one base removed the identity of the removed 
base can be determined". The nucleotide removed is shown 
between each product. Thus the venom exonuclease digestion 
gives a 3° sequence of A-A-A-T-A-C-C-A-C-T-G and the spleen 
exonuclease gives a 5’ sequence of A-C-A-T-A-A-A-T-A-C. These 
two sequences contain the common sequence A-A-A-T-A-C., 
Digestion conditions were as follows. For venom exonuclease the 
sample was incubated first with 3 ul of a solution containing 
10mg mi~ bacterial alkaline phosphatase, 0.05 M Tris-HCI, pH 8.9, 
and 0.005 M MgCl, for 30 min at 37° C, to remove 3’ phosphate. 
4 ul of a solution containing 0.1 mg mi~? snake venom phospho- 
diesterase, 0.05 M Tris-HCl, pH 8.9, 0.05 M MgCl, was then 
added and the sample incubated at 37° C, and 1 pl aliquots were 
taken at 0, 15, 30, 45, 60, 90, and 120 min, frozen, and then pooled. 
For spleen exonuclease digestion was with 7 pl of a solution con- 
taining 0.1 mg ml ~> spleen phosphodiesterase, 0.05 M citrate buffer 
PH 6.0. The reaction was treated as in (a). 


digestion of one of these products, about 40 residues long. In 
this case the homochromatography mix used in the second 
dimension separates oligonucleotides of lengths about 1-20 
bases. By comparing the fingerprints generated in this way from 
each of the Hin digestion products seen in Fig. 3a, the order of 
synthesis of various ribo-G-containing oligonucleotides, labelled 
with *#P-dATP was determined. Finally, the sequence of the 
various ribonuclease T, products was determined by partial 
exonuclease digestion and by nearest neighbour analysis. Figure 
4a shows a two-dimensional fractionation of a partial venom 
phosphodiesterase digest of an RNase T, product identified in 
the experiment of Fig. 3b. Figure 4b shows a partial spleen 
phosphodiesterase digest of the same product. (Venom and 
spleen phosphodiesterase attack, respectively, from the 3’ and 5’ 
ends of polynucleotide chains.) Inspection of these fingerprints 
reveals the following sequence, which was confirmed by nearest 
neighbour analysis (not shown): 
5’ G/ACATAAATACCACTG/G. 3’ 
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Fig.5 The sequence from the Hin site of O, to residue 26 beyond the startpoint of transcription of N. The sequences and order of synthesis 
from the Hin site of various ribo-C and ribo-G containing oligonucleotides are shown. The ribonucleotide triphosphate and the labelled 


deoxynucleotide triphosphate used in each reaction are indicated on the figure. Note that the orientation of the sequence is the reverse of that 
in Figs 2 and 6. See text for explanation. 


_ The order of appearance and nucleotide sequence of each 
RNase digestion product are presented in Fig. 5. Note that in 
this figure the orientation of the sequence is the opposite of that 
in Fig. 6. This maintains the convention that oligonucleotides 
are written in the orientation 5’~3’. The complete sequence from 
the Hin site in O, to N as well as that of the first 26 residues of 
N, deduced from this information, is also shown in the figure. 
The sequence GT Py (Py = pyrimidine, Pu == purine) to the left of 
the Hin cut in Fig. 5 has been added by inference from the fact 
that Hin H, one of the activities in our Hin preparation, is 
reported to recognise the sequence 5’ GTPyPuAC 3’ (ref. 10, 
and K. Murray, personal communication). 

The sequence of a mutant operator was determined as follows. 
Experiments were performed using as primer wild type Hin 1125 
and as template / strands isolated from Av/0/. This phage bears 
a mutation that decreases the affinity of S, for repressor? ?. We 
found a single base difference between the wild type and Av/0/ 
sequences. The sequence ATAAATAC in wild type DNA is 
replaced in Av/0/ DNA with ATAAATGC. 


Interesting aspects of sequence 

The complete double stranded sequence of the region between 
the O, Hin site and the beginning of N is shown in Fig. 6. 
Because RNA polymerase binds to the Hin site? ~, the maximum 
number of base pairs separating bound polymerase from the 
transcription start point is 33. This value is consistent with our 
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previous estimate? and is considerably less than that suggested 
by Blattner ef a°. A revised estimate from Blattner ef al. 
(personal communication) agrees with our data. DNA-bound 
polymerase is reported to cover 40 base pairs, and so it is 
possible that polymerase bound to the Hin site extends to the 
transcriptional start point. 

There are three axes of two-fold rotational symmetry in the 
sequence in Fig. 6: at nucleotide 17 (Fig. 6a), between residues 
15 and 16 (Fig. 6b), and at residue 14. Ina 16 of 24 residues are 
perfectly symmetric and 6 of the remaining 8 show pyrimidine— 
pyrimidine—or purine-purine—-symmetry. In b, 14 of 26 
residues are perfectly symmetrical and 6 of the remaining [2 
show Py-Py or Pu-Pu symmetry. In c, 14 (or 16) of 30 are 
perfectly symmetrical while 12 of the remaining 16 (or 10 of the 
remaining 14) show Py-Py or Pu-Pu symmetry. We calculate 
the probability that a region containing the symmetry properties 
of configuration a or c appears by chance in a sequence of 35 
base pairs is less than 1%; for configuration b the probability is 
perhaps a few percent. Analysis of the pyrimidine tracts of the 
smallest fragment protected from nuclease digestion by repressor! 
suggests that the minimal region covered by repressor extends 
from about five residues to the right of the Hin target to residue 
30. All three symmetries lie within this region. The O° mutation 
at position 10 lies in two of the symmetry regions, but we cannot 
say which of these symmetries (if either) is recognised by repres- 
sor. In the Jac operator O° mutations have been found in bases 
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comprising a symmetric sequence, as well as in interspersed 
bases which do not contribute to the symmetry!?~". 

Why (other than fortuitously) should there be three over- 
lapping (interdigitating) symmetries between the O, Hin site and 
N? One intriguing possibility is that these symmetries are 
recognised by different regulatory proteins—‘multiplexing’, as 
R. Pollack calls it. For example, the fof gene product is believed 
to act at O, because a mutation which reduces the affinity of 
O, for repressor also decreases the effect of tof product on left- 
ward transcription'®. RNA polymerase and N-product are two 
other proteins which might recognise these symmetries’*'”. We 
note that it is much more difficult, if not impossible, to construct 
interdigitating symmetries using perfect as opposed to hyphen- 
ated symmetries such as those seen in Fig. 6. Sequence analysis 
of the remaining sites in the operators and localisation of various 
regulatory mutations should provide a clearer understanding of 
the significance of these symmetries. 
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High velocities and cocoon stars 


LarGE scale gas movements with velocities of the order of 
50 kms~ giving rise to split, asymmetric or broadened emission 
line profiles have been observed in many H H regions*”. 
Proposed explanations for these motions include supernova 
explosions within or near to the H H regions®, and the accelera- 
tion of their ionised material by relativistic particles® or by 
massive stellar winds’™. I suggest that the breakup of the neutral 
gas and dust shell around a cocoon star could conceivably also 
produce high velocities. The existence of cocoon stars seems 
fairly well established from observations of infrared point 
sources’’'!! and these are frequently associated with compact 
H I regions!? and OH masers. Kahn! investigated the evolution 
of a cocoon star and found that a star which accretes matter 
will form a false photosphere with a radius of the order 10? cm 
and no appreciable HII region, provided that the rate of 
accretion exceeds approximately 10% g s~!. Around the false 
photosphere is a dust-free region with a radius of about 10*° 
cm, which corresponds to the radius at which refractory particles 
melt. At accretion rates of less than 107? g s~! the radiation 
pressure on the dust becomes powerful enough to stop the infall 
of matter and to drive a shock wave into the accreting gas flow 
outside a radius of 10'* cm. This situation is Rayleigh-Taylor 
unstable, and the shell will break up into globules. Consider a 
portion of neutral material with a density of M g cm™~?, at a 
distance, R, from a star with mass, M,, and luminosity L, 
(M, ~ 6 x 10% g, L, > 6 x 1038 erg s~'). If the radiation 
force just balances the gravitational force exerted by the star, 
then r 
M = L, (4r cG M,) > (1) 
Thus, M œ 0.7 g cm~? independent of distance. This is vegy 
close to the surface density required by the models of Dyson™ 
(M =~ 2 g cm?) for which a great deal of observational 


evidence!®1® has been collected, particularly in the case of M8 = 
and M42. It is thus possible that some of the globules represent = 
the material that was just balanced by the radiation—gravita- 
tional forces, at the time of the breakup of the cocoon. a 

Next, consider the period of the onset of instability, when _ 
the accretion rate drops below 1022 gs~!. The false photosphere = 
will break up in certain directions according to a time scale 2 
given approximately by the free-fall time from a radius, Ro 
(~ 10’ em) to the star. That is about 10's. Thus, an HI 
region is formed very soon after the onset of the instability ce 
which quickly spreads through the dust-free cavity around the = 
star. An estimate of the properties of the H II region can be > 
obtained. 

The density distribution of a freely falling gas cloud in 
steady flow is given by 

p (R) = M B2r? G M*) Y? R"? (2) 


where M is the accretion rate. Putting M = 10%? g s™ and 
integrating out to R = 10'* cm, the density in the initially 
formed H II region will be of the order of 10° cm~? and the total 
mass involved will be of the order of 2 x 10°? g. This ‘ultra- 
compact’ H H region could not be contained by the overlying 
neutral material, and so would punch a hole (or holes) through 
those parts of the cloud with the lowest density, finally allowing 
the ionised material to escape more or less unimpeded. 

The expansion of the ionised gas can be regarded as virtually 
isothermal, and so the ratio of the velocity, V, attained by a 
mass element and the sound speed, V, in the gas will be — 
approximately given by: : 

V/V, = (2 In (pi/pp/3)? (3) 
Where p; is of the order 10° cm~? and pr is the final density 
which is put equal to the density of a typical H II region— 
about 103 cm~*. Thus, velocities of the order of three times the 
speed of sound should be attained along rather directional 
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streams. This is sufficient to explain the high velocities observed 
in a small fraction of the nebular material. 
M. A. Dopita 
Department of Astronomy, 
Manchester University, 
Oxford Road, 
Manchester M13 9PL, UK 
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Long term periodicities 
In the sunspot cycle 


THE existence of a long period undulation (~179 yr) in 
the solar cycle (Fig. 1, based on data from Waldmeier'” 
is suggested by the planetary theory of sunspots. Jose’, 
for example, postulated an association between the 178.8-yr 
periodicity in orbital positions of the planets and the phase 
of the solar cycle. Wood* used the presumed existence 
of a cycle of 170-180 yr in solar activity to predict the 
peak dates of future sunspot cycles. Our work indicates 
that although a 179-yr periodicity does exist in the sun- 
spot cycle, it is not caused by a primary long term excitation 
function but is, instead, a beat phenomenon. This can be 
-. seen by computing the spectrum for the data shown in 
a. Fig. L 

= Burg (unpublished; see also ref. 5) suggested a method 
for estimating the spectrum of a time series that is based 
on an autoregressive description of the data to be analysed. 
This method, ‘maximum entropy spectral analysis’ (MESA), 
yields a result consistent with the information of the data 
and nothing more. We used this method in our initial 
analyses of the RES cycle, 









z 200 Observed 

5 

& 100 

A 1750 1800 1850 1900 1950 


1234 56 78 9 ION MRI i415 1617181920 


Fig. 1 Twelve-month running mean sunspot numBers 
(1750--1971}, based on data given by Waldmeier'? 


Because the quality of early sunspot data is considered 
suspect by Waldmeier’, we first analysed only data acquired 
after 1800. Specifically, for reasons related to computational 
procedures, we computed the spectrum for the 12-month 
running mean sunspot numbers from 1844 to 1971. The 
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Fig. 2 Maximum entropy spectrum for the data interval 
1844-1971. 


MESA spectrum (Fig. 2) suggests that no significant power 
is present at periods greater than about 110 yr. The 
spectrum is dominated by three peaks with periods of 
about 110, 10.9 and 9.7 yr. Further, we note that the 
spectral components with periods 10.9 yr and 9.7 yr are 
separated in frequency by about 0.012 cycle yr, and so 
the two sinusoids interfere with one another to produce 
beats with a period of roughly 167 yr. The similarity in 
behaviour of cycles 1, 2 and 3, and of cycles 17, 18 and 19 
(Fig. 1) is apparently caused by this beat phenomenon. 
That a long term periodicity can be observed in the 
data lends credence to the sunspot observations between 
1750 and 1850. Therefore, we computed the MESA spec- 
trum for a set of data which included the early mean 
sunspot observations. That analysis, which used 214 yr 
of data (1750-1963), yielded a spectrum with significant 
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Fig. 3 Maximum entropy spectrum for the data interval 
1750-1963. 


signatures at periods of 95.8, 11.0 and 9.8 yr (Fig. 3). The 
frequency separation for the 11.0 and 9.8 yr spectral com- 
ponents yields an estimate of 181 yr for the long term 
periodicity. The similarity between the MESA spectra for 
the more recent sunspot observations (1844-1971) and the 
data incorporating the early observations (1750-1963) sug- 
gests that the sunspot data from 1850 to the present 
probably belong to the same population. This observation 
differs from the results of McNish and Lincoln’, who 
hypothesised that the very early data and the more modern 
data belong to two Statistically different populations. 

To refine our determination of the frequency separation 
between the 11.0 and 9.8-yr spectral components, we used 
all of the sunspot observations shown in Fig. 1 and corre- 
lated these data with a suite of sinusoids finely spaced 
in frequency about the peak frequencies in the 214-yr 
maximum entropy spectrum. The best correlations occurred 
at frequencies which correspond to periods of 11.2 and 9.9 
yr. The actual frequency determinations for these corre- 
lation peaks are separated by 0.01116 cycle % yr™', and as 
such, using this method the estimated period for the long 
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term undulation is 179 yr. This determination is in agree- 
ment with the average elapsed time between the peaks of 
cycles 1 and 17, 2 and 18, 3 and 19, and 4 and 20. Thus, 
although we estimate the length of the long period undula- 
tion in the sunspot cycle to be between 179 and 181 yr, 
we favour the 179-yr determination. This is somewhat 
longer than the 160-170 yr periodicity that Schove’ ob- 
served in his data. On the other hand, our estimate is 
roughly 11 yr shorter than that of Cole*, who observed a 
190-yr phase variation in Schove’s data. Regardless of these 
differences, the existence of a long period (160-190 yr) 
Variation in sunspot activity seems certain. 

If the major characteristics of the sunspot cycle repeat 
every 179 yr then, by definition, the data are periodic out- 
side an interval of this length. It should, therefore, be pos- 
sible to compute a periodogram using data covering 179 yr 
which is very similar to maximum entropy spectra com- 
puted previously. For example, the spectrum for the in- 
terval 1793-1971 (Fig. 4), exhibits the same spectral charac- 
teristics found in maximum entropy spectra computer pre- 
viously. i 
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Fig. 4 Periodogram for the data interval 1793-1971. 


We used the observation of the 179-yr periodicity to 
predict future sunspot activity. The ability to predict solar 
activity is important if efficient use is to be made of the 
high frequency spectrum for international communications. 
King’ has shown, however, that significant climatic fea- 
tures (such as droughts and unusually long growing seasons) 
may be related to the solar cycle; if such relationships 
can be established with certainty, long range weather fore- 
casts can then be issued for agricultural planning purposes 
(see also ref. 10). 

Sunspot activity could be predicted by taking the spectral 
components corresponding to the data for any 179-yr 
interval and then reconstructing the smoothed sunspot 
numbers in that interval. Then, by repeating the waveform 
outside the interval, smoothed sunspot numbers could be 
extrapolated forwards and backwards in time. This method 
was applied to the spectral components corresponding to 
the periodogram of Fig. 4 (1793-1971) together with a 
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Fig. § Twelve-month mean sunspot numbers. A: a, recon- 


_ structed (1793-1971); b, predicted (1972-2050). B, Predicted 
minus reconstructed (1793~1971). 
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Because these extrapolations can be projected. backwi 
as well as forwards in time (we have. assumed. th 1 
data are periodic, with a period of 179 yr), it IWS t 
predictions for the interval 1750-1792 correspc 
mated sunspot numbers in the interval 192 
measure of our prediction capability, therefo: 
pared our predicted mean sunspot numbers 
features of the sunspot cycle from 1750 to 1792 
with me a A OUS IVEN values oe 6). ; 


minima and maxima may differ from the true times 
up to = 2 yr, the general agreement between the trend: 
the observed and the predicted sunspot numbers is 
sidered to be good. K 

Using the data in Fig. 5A, 
made : 
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Fig. 6 Twelve-month running mean sunspot numbers. 
(1750-1800). Solid curve, observed: dashed curve, predicted | 
(1929-1971). E 


The current cycle, number 20, will exhibit a prolonge 
decay in sunspot activity, with a null-to-null period i 
nearly 13 yr. The activity of cycle 20 has already exhi 
unusual decay behaviour by rising briefly, instead of fe 
continuously, in 1972. It seems plausible, therefore, 
the next sunspot low will not be reached until after- 
and possibly as late as the summer of 1977. At then 
mum, mean sunspot numbers could be as low as 3. 

Cycle 21 will have a rather broad peak, possibly sachin 
its maximum value late in 1982. Mean sunspot numbers 
for this peak may not, however, exceed 50. The sunspot 
minimum following cycle 21 should occur around 1988, and 
could exhibit smoothed sunspot numbers as low as 2.0000 | 

Twelve month running mean sunspot numbers greater 
than 100 will not be observed again until approximately 
2015. Thus, the next 40 yr may be characterised by 
relatively low sunspot activity as compared with the activity 
of the last 40 yr. This observation is supported by- the o 
results of Cole". SER 

We thank Professor E. J. Öpik and Mr G. Jacobs for Bo 
their comments and suggestions. ce 
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Asymptotic structure in torsional free 
oscillation data for the Earth 


THE eigenfrequencies, ,0,, of the torsional modes, „Ti, of a 
spherically symmetrical, nonrotating, elastic, isotropic Earth 
model, are defined, for fixed wave number k =(/+-4)/a, by the 
eigenvalue problem 

d'U 2dUy dupdU Uq] k i+ Dq, 
[Era AU] ee oip- Edy] 
(where U= U(r); =u); p=p(r); a <r <b) 
and by the (zero stress) boundary conditions 


where u denotes rigidity, p density, a the radius of the core and 
b the radius of the Earth’. 
Using the Liouville transformation, 
Š 


a 
the asymptotic behaviour of „©, can be expressed in the form 


b 
for fixed / and suitably large n, where y= f p? u™? dr, 
a 
and A and B are constants which depend only on the shear 
velocity and the density in the mantle, and on the radius of 
the core. 

By its definition, y corresponds to the radial travel time of 
an S wave between the surface of the Earth and the core- 
mantle boundary. On the basis of the asymptotic formula 
given, y can be approximated by: 

ny 0) a m2nm a m’)? lam res nO 1”) an 
for sufficiently small values of m, if second order effects in 
the asymptotic formula are negligible. The values of ,y,°” 
obtained from this expression may thus be expected to reach 
an asymptote, which is y, for a sufficiently large overtone 
number zn =x Though ne is a function of /, it will be approxi- 
mately constant over a small range of / values. This has been 
verified extensively using model data. For a given /, we estimate 
Mg aS the overtone number n»n at which, and beyond which, 
the values of „Yik, ny and „Yra ko ™® match suffi- 
ciently closely. For example, Fig. 1 shows values of ,y,°™ calcu- 
lated from the Earth model HBI of Haddon and Bullen for 
m=1 and /=2, 18. The slight oscillations of the two curves 
about the asymptote in Fig. | indicate that second order 
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Fig. 1 Curves of „yr calculated from the Haddon and Bullen 
Earth model, HBI (ref. 2): I, / = 2, n = 1 to 49; H, / = 18, 
n = 1 to 49, 
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effects are not completely negligible in the asymptotic formula 
which applies to torsionals computed from the Earth model 
HBI (ref. 2). The structure in those second order effects is 
influenced by the position, size and sharpness of discontinuities 
in shear velocity, and by density in the mantle. The slight 
variation between the two curves for 7210 is mainly because 
of numerical error in the computed periods. 

The quantities y and n, are obviously potentially important 
as constraints in the derivation of realistic Earth models by 
the inversion of torsional overtone data. Published observa- 
tions of „Tı from free oscillation studies exist only for small 
overtone numbers’, and calculations indicate that the asymp- 
tote has not been reached for these values of #. Some periods 
for „Tı up to n=18 have, however, been derived’ from data‘ 
based on observations of the phase spectra of multiply-reflected 
S S waves. In particular, Brune and Gilbert? list periods 
calculated for Tia iTia oT 16. 14716 107 18) 16218) 11790 and 
177x9, With a standard error of approximately 1.2 s. Estimates 
of y derived from these observations are listed in Table |. 
The range of these four estimates is 1.22 s, and for the last 
three it is only 0.38 s. Despite the smallness of the sample, 
the consistency of these results strongly suggests that ny< 10 
for 14 < / < 20. 

We have re-examined the data of Brune* to see whether 
there is any additional information about the overtone struc- 
ture. Included in example 4 of his Table I is a period of 








Table 1 Values of „y: derived from the data of Brune and Gilbert 

a l m nl; periods nami periods ave 
(s) (s) (s) 

8 i4 4 109.64 75.81 469.30 

9 16 5 97.18 65.10 470.14 

10 18 6 87.29 75.03 470.44 

i 20 6 79.27 53.54 470.52 





147.659 s, which was not identified by Brune and Gilbert’, 
but which must correspond either to Tio or Tu. Using 
Brune and Gilbert’s? periods for „Tis and j, 97 ;, this gives 
either Yio =466.91 s or 671;°)==464.18 s. Both are 
significantly smaller than the values of ,y,‘") in our Table 
I, suggesting that 1) > 6. 

Brune and Gilbert acknowledge the possibility of bias 
towards continental values in the data, but point to the con- 
sistency with other normal mode data as an indication that 
there is no important regional bias. Although the value 470.36 s 
for the radial S time between the Earth’s surface and the core- 
mantle boundary, obtained as the mean of the last three values 
in Table 1, does depend heavily on the ‘structure’ corrections 
applied by Brune’ to his data, the accuracy of the numerical 
calculation is unaffected. As far as the estimation of ny is 
concerned, we have found from model studies that the point 
at which the asymptote becomes discernible depends largely 
on the position, size and sharpness of discontinuities in the 
upper mantle, and that smoothing of the discontinuities tends 
to shift this point to smaller values of n. The periods of free 
oscillation modes are determined by the laterally averaged 
properties of the Earth, and it is certain that some smoothing 
of the velocity and density structure in the region of the dis- 
continuities would result from this averaging process. Brune 
(personal communication) has pointed out that the Brune and 
Gilbert? „Tı periods are strongly biased towards a model 
with no discontinuities, as a result of the fact that no reflec- 
tions from any possible discontinuities were taken into account 
in the phase correlation. This no doubt accounts for the small 
scatter observed in the ,y,'” values derived from these regional 
data. Our estimate ef n, may therefore have to be revised 
when better data become available. 

Finally, we remark that the nature of the asymptotic struc- 
ture in the „T; periods will impose a quite delicate constraint 
on Earth models, especially in view of the effects of upper 
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mantle discontinuities noted above. An investigation of the 
significance of this constraint is now in progress. 
We thank Professors A. L. Hales and J. N. Brune for com- 
ment, and Professors J. N. Brune and F. Gilbert for making 
data available before publication. 
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H,SO,-HNO,-H,O ter nary 
system in the stratosphere 


ReEcENTLY, Friend er al.' reported a comprehensive labora- 
tory study of a system of air containing trace quantities of 
H:O, SOz, NH; and O;. By varying the proportions of these 
trace gases and the conditions of radiation of ultraviolet 
light and temperature, they obtained some detailed informa- 
tion for studying the mechanism of formation of stratos- 
pheric sulphate particles. They proposed a chemical model 
to interpret their laboratory observations and other observed 
features of stratospheric aerosol. The possible role of nitric 
acid, however, which is relatively abundant in the stratos- 
phere“, was not included in their investigation of stratos- 
phere aerosol formation. Also, the possible solid phase of 
75% HeSO, by weight in water at —50° C, as discussed by 
Toon and Pollack’, was not taken into consideration in their 
proposed chemical model to interpret the formation mech- 
anism of ammonium sulphate or ammonium persulphate 
particles in the stratosphere. Toon and Pollack examined 
some of the physical properties of nitric acid, sulphuric 
acid and ammonium sulphate in stratospheric thermo- 
dynamic conditions’. Using physical equilibrium phase 
diagram analysis techniques’, they compared the equilibrium 
vapour pressure over nitric acid solutions with observed 
water and nitric acid partial pressures in the stratosphere, 
and concluded that nitric acid cannot be present as an 
aerosol in the lower stratosphere. For sulphuric acid, they 
predicted that sulphuric acid aerosol particles in the strato- 
sphere are 75% H.SO, by weight in water, in agreement 
with observations by Rosen". From the freezing curve of 
H.SO, solutions’, Toon and Pollack pointed out that 
H.SO, (75'% in weight)-H:O (25°%) aerosol particles should 
exist in the lower stratosphere either as a solid or as a 
supercooled liquid. If most of the stratospheric sulphuric 
acid aerosol particles are in the solid phase, then the 
chemical models for the formation of ammonium sulphate 
using solution chemistry in sulphuric acid would not be 
applicable. 

Here we present an order of magnitude estimate for 
the equilibrium vapour pressure oveg the ternary system 
H-SO;-HNO;-H:O to study the possibility of stratospheric 


aerosol formation involving HNOs. Figure 1 shows the sche, 


matic equilibrium phase diagram for the H.SOQ.;-HNO,-H,O 
ternary system at —50° C. The percentage labels refer to 
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Fig. 1 Order of magnitude changes in vapour pressures 
for ternary system H.SOs-HNO;-H:O at -50° C. Vapour 
pressure curves are obtained by extrapolating from boiling 
point data, Each contour represents an order of magnitude 
change in vapour pressure. Note that in reading graph, 
weight percentages of the three components must add up 
to 100%. If graph is read incorrectly the sum will be 200%. 


the % by weight. The total vapour pressure over the H.SOQ,- 
HNO,-H.O ternary system at —50° C is expressed as a func- 
tion of the weight composition. The shaded area in the dia- 
gram indicates the lowest total vapour pressure region, To 
estimate the order of magnitude of these equilibrium total 
vapour pressure we have extrapolated the available data 
from the international critical tables’ to —50° C by using the 
Clausius-Clapeyron equation dP/dT=L/Tv, where P is the 
vapour pressure, T is the absolute temperature, y is the 
molar volume and L is the latent heat which is assumed to 
be constant over the temperature range. The vapour pres- 
sure obtained by this approximation will be larger than the 
values measured if the freezing point of these ternary sys- 
tems is higher than —50° C, since the slope of the curve is 
proportional to L, and the curves will become steeper at 
the freezing point. From this crude approximation, we have 
found a region (Fig. 1, shaded area around 70-80% H2SQu,, 
10-20% HNO; and 10-20% H:O) with the lowest vapour 
pressure. The vapour pressure in this region is about 107 
to 10°° times lower than the vapour pressure of 75% HeSQ: 
by weight in water. Toon and Pollack estimated the vapour 
pressure for 75% H.SO, by considering the latent heat as a 
constant except at the melting point’ (—33° C). They found 
the vapour pressure for this composition at — 50° C is about 
10°' mm Hg. For a supercooled liquid (without considering 
the freezing point) the vapour pressure for 75% H2SO, at 
— 50° C is about 10°? mm Hg. Therefore, the vapour pres- 
sure of the shaded region is about 10°* mm Hg or lower. We 
base this value on the vapour pressure of 75% H:SO, rather 
than directly calculating it, because the vapour pressures 
calculated from ternary system data do not agree with 
binary system data’. This is also the reason why no numeri- 
cal values for vapour pressure are presented in Fig 1. The 
curves are intended primarily to indicate the shape and 
depth of a region where aerosol growth is favoured. The 
accuracy of the results presented in Figs 1 and 2 depends 
upon two factors, the boiling point data for the ternary 
system’, and the accuracy of the extrapolation to —50° C. 
We feel that the resulfs are accurate to within an order 
of magnitude. 

For a more accurate estimate of the vapour pressure of 
this ternary system at —50° C, two factors should be taken 
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Fig. 2 Experimentally measured vapour pressure points of 

stratospheric aerosols determined from data obtained by 

Rosen*. Also shown are vapour pressure curves for, a, the 

759% H.SO,-10%, H.O-15%;, HNO, ternary system, and b, 
the 75°, H.SO,.-25° H:O binary system. 


into consideration. First, the latent heat L should be con- 
sidered to be a function of temperature instead of a con- 
stant. In general, the latent heat decreases with increasing 
T, as it does for water. Then the vapour pressure at 50° C 
should be lower than what we have estimated. Second, the 
ternary system in the shaded region may exist as a solid. 
Since the vapour pressure of a solid is lower than that of 
a supercooled liquid at the same temperature, once again, 
our estimate for the vapour pressure could to too high. 
Therefore, as an order of magnitude estimate, it is prob- 
ably safe to say that the vapour pressures for the ternary 
system H»SO.;-HNO;-H:O with weight composition around 
70-80% HSO, 10-20% HNO, 10-20% H:O at —50° C 
are below the order of 10€ mm Hg. 

The measured partial pressure for HNO; in the stratos- 
phere at —50° C (refs 2 and 3) is of the order of 107 to 
10°° mm Hg, for HO, the measured partial pressure is of 
the order 10°* to 10°? (ref. 3). Comparing the estimated total 
vapour pressure of the ternary system H.2SO.-HNO;-H.O 
with the weight percentage mentioned above, there exists 
more than sufficient nitric acid and water vapour in the 
stratosphere to participate in ternary system aerosol forma- 
tion at —50° C. Therefore, nitric acid should be found in 
stratospheric aerosols, provided HSO, is also presente Fur- 
thermore, we have compared the vapour pressure of the 
ternary system with data of stratospheric aerosols as ob- 
served by Rosen’ (Fig. 2). It is found that a ternary H,SO,- 
HNO;-H.O system with weight composition 75% H.SOs, 
10% HNO; and 15% H:O, would conform to the experi- 
mentally determined vapour pressure curve as well as the 
one of 75% sulphuric acid solution fitted by Rosen’. 
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Because of the presence of HNOs, the freezing tempera- 
ture of the sulphuric acid solution will be reduced. Based 
on the assumption of ideal solutions, we have estimated 
the decrease in the freezing temperature caused by adding 
10% nitric acid to the sulphuric acid solution (with 75%, 
HSO; and 25% H:O). With the heat of fusion of 75% 
H.SO, taken to be 4,360 calorie mol` (ref. 8), and the 
freezing temperature of the 67.5% H.SO;, 22.5%, H:O and 
10% HNO, ternary system is estimated to be —45° C. Since 
we have a real rather than an ideal solution, we expect the 
freezing temperature in the shaded region to be lower than 
mm 50° C. 

We conclude that one cannot rule out the possibility 
that nitric acid may participate in aerosol formation in the 
stratosphere. More experimental measurements on the 
equilibrium vapour pressure for the ternary system H.SO,- 
H.O or other suitable ternary and multicomponent systems 
are strongly recommended. Furthermore, it is important 
that in situ measurements to determine whether stratos- 
pheric aerosol contain nitric acid are made. 
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Potential method of 
geobarometry using quartz 


As crystals grow from solution they may trap small amounts 
of the solvent and other solutes. It has long been known that 
minerals evolve gases on heating’ and it has been assumed 
that, except for alteration during weathering, the gases are 
incorporated from the growth medium at the time of crystal- 
lisation. If the amount and composition of the gases trapped 
in minerals are to be used to make detailed geological inter- 
pretations it is essential that the location of the gas within 
the crystal structure ts established. In minerals like carbonates 
and hydrates, ‘gases’ form part of the structure. Sites in which 
gas can occur include primary and secondary fluid inclusions, 
point defects, lattice dislocations, grain boundaries, and 
structure holes. Gas qn also be adsorbed on crystal surfaces. 
Each site has its own characteristic temperature at which gas 
Joss occurs, so that on heating a mineral the gases are released 
at different temperatures. This provides a method for distin- 
guishing between gases from different sites. 
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Fig. 1 Water release from quartz as a function of temperature. 
The solid line indicates the total response. This is made up of 
separate contributions coming from: a, secondary fluid inclu- 
sions: 4, primary fluid inclusions: c, surface adsorption; d, grain 
boundaries and lattice defects: e, lattice water. 


We have studied the location of water in quartz, using a 
mass spectrometer to monitor the release of water as a function 
of temperature. Quartz samples (0.5 g) were heated in a vacuum 
in outgassed mullite or alumina tubes connected to a heated 
stainless steel gas handling system which formed the inlet 
to a calibrated mass spectrometer®. A resistance-wound furnace 
was used to attain temperatures of 25-1,250° C, and a gas- 
torch furnace was used for temperatures up to 1,850° C. All 
the studied quartz samples showed three major episodes of 
water release (Fig. 1). In the temperature range 100-450° C 
water comes from fluid inclusion and from surface adsorption. 
(The detailed experimental support for this conclusion will 
be published elsewhere.) The second peak at 1,150-1,300° C is 
attributed to water released from grain boundaries and dis- 
locations as they thermally anneal®. The remaining water is 
present in point defects and is not released until the quartz 
lattice is destroyed by melting. No release of water was asso- 
ciated with the a quartz-B quartz (573° C), quartz—tridymite 
(867° ©) or tridymite—crystobalite (1,470° C) transitions. The 
quantities of water which remain in the liquid when the quartz 
melts are unknown, but they seem to be insignificant. Infrared 
studies of the glass produced show no adsorption charac- 
teristic of OH or H,O. As the water vapour released by the 





Table 1 Conditions of growth for synthetic quartz crystals 
Pressure Top Bottom Growth 
(Nm? (pound inch“ temperature temperature rate 
x 1075) * 1073) CC) Cc) (mm d~!) 
1.38 20 349 399 0.67 
1.59 23 349 399 1.30 
2.14 31 350 396 2.21 
2.41 35 352 396 2.26 
2.76 40 374 396 2.61 
2.90 42 371 410 2.29 


3.10 45 360 416 2.64 





sample is continuously pumped away through the mass spectro- 
meter the partial pressure of water vapour over the melt 
remains low, and because of this the equilibrium amount of 
water in the melt should also be very small. 

We have studied seven synthetic hydrothermal crystals of 
quartz, grown at pressures of 1.38 108 to 3.10x 10°" N m~? 
(45,000 pound inch~*), (Table 1), and natural hydrothermal 
quartz crystals from Brazil and Arkansas. In all cases the 
release of water as a function of temperature resembled the 
trend indicated by Fig. 1. As expected, the amount of water 
in fluid inclusions varied widely, even within a single crystal, 
but the water which was evolved at about 1,200° C showed a 
much smaller range. The amount of water released on melting 
crushed pieces (~3 mm?) of single crystals of synthetic quartz 
varied from 1.2+4-0.2 to 5.8 -+-0.2 cm? of water vapour per gram 
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of quartz. Duplicate determinations. confirmed the väli: 
0.2 cm? g. There is a clear trend of increasing water co 
with growth pressure (Fig. 2), indicating that the wa 
corporated into lattice sites is related to. the partial pre: 
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and 3. 10x 10° N m~ 450 000 pound inch- 3) aya 
grown at the same rate and have very different water ¢ 
Also, the 2.14 108 N m~? (31,000 pound inch~®), 
N m~? (35,000 pound inch~2), and 2.90 x 108 Na 
pound inch~*) crystals were grown at similar rate: 
different water contents, which vary as a function of- 
pressure. 
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Fig. 2 Amount of water evolved from natural and syntheti | 

quartz crystals between 1,650° C and the melting point, as a. 

function of growth pressure. Values plotted at 1.38 x 108 Nm? 

(20,000 pound inch~*) and 3.10108 N m~? (45,000 pound 

inch~*) are averages obtained from duplicate analyses. a, po 

Water values obtained for the Arkansas and Brazilian quartz, — 
respectively. 


In most hydrothermal systems the partial pressure of water t 
is approximately the same as to the total pressure, so a deter- 
mination of the amount of water released at the melting point 
permits an estimate of the pressure at the time of crystal 
growth (assuming that the distribution coefficient is not apprec- _ 
iably altered by temperature, growth rate or composition of- 
the growth medium). We have applied this potential method _ 
of geobarometry to the Brazilian and Arkansas quartz crystals, 
and it indicates pressures of 2.76 x 10° N m~? (40,000 pound _ 
inch~) and 1.48 x 10° N m~? (21,500 pound inch~*) respec- 
tively. These values correspond to depths of 12,200 m (40,000 
feet) and 6,550 m (21, 500 feet), respectively, if the litho 
pressure gradient has its usual value of 2.26x 10! N m 
(1.0 pound inch~? foot). For a typical continent 
thermal gradient of 30° C km™ these depths correspor : 
temperatures of 386° C for the Brazilian quartz, and. ee pe 
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for the Arkansas quartz. If these temperatures and pressures 
are used to define a line of constant specific volume on a water 
phase diagram then the temperature at which the specific 
volume on a water phase diagram then the temperature at 
which the specific volume line intersects the two-phase bound- 
ary corresponds to the filling temperatures of the fluid inclu- 
sions. The calculated filling temperature for the Arkansas 
quartz is 138° C, which is in good agreement with the observed 
values of 100-150° C (R. H. Konig, personal communication). 
For Brazilian quartz, filling temperatures ranging up to 190° C 
have been reported®:®. The calculated value is somewhat high 
at 213° C. The calculated values were, however, obtained from 
the phase diagram for pure water and so they will be slightly 
higher than those calculated using data for saline solutions. 

If the water content of the quartz lattice gives the partial 
pressure of water in the growth medium then this technique 
could probably be used with magmatic quartz to give the partial 
pressures of water in silicate melts. This method of determining 
partial pressures could also be extended to other minerals and 
to other gases if synthetic samples are available for calibrating 
the gas content as a function of the partial pressure in the 
growth medium. 

We thank Western Electric for supplying the synthetic 
quartz crystals. The research was supported by a NASA grant, 
and by the University of Tulsa. 
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Fronts in the Irish Sea 


A MARKED discontinuity in the sea surface temperature 
with horizontal gradients up to 1° C km“ is often observed 
in the western Irish Sea during the summer. This feature is 
the boundary between stratified and vertically mixed 
regimes’. Here we describe observations by airborne radia- 
tion thermometer (ART) and conventional methods, and 
suggest a simple model accounting for the observed form 
and stable position of the front. 

The region of low tidal energy to the west of the Isle 
of Man (IOM), (see Fig. 1) permits stabilisation of the water 
column by insolation during the early part of the summer. 
At the beginning of June stratification of this area is usually 
well established, and a rapid warming of the surface waters 
ensues. This leads to a sharp temperature discontinuity at 
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Fig. 1 Amplitude (m s~') of the discussed tidal streams 

(solid lines) in the Irish Sea at mean springs from Bowden’. 

A, B, (heavy zigzag line), Observed positions of fronts. Depth 
contours are 100 m (dotted) and 50 m (dashed). 


the surface, which may involve changes as large as 3° C in 
June and July. The temperature contrast is generally 
diminished in August as the temperature of the mixed 
regime approaches that of the surface layer in the strati- 
fied area. Strong horizontal temperature gradients remain, 
however, further down in the water column. 

The position of the maximum surface temperature 
gradient, deduced from surface temperature surveys, is 
shown in Fig. 2. Surveys a-e are based on thermograph 
data supplemented by TSD stations. Coverage is limited as 
a result of the ship’s slow speed (about 10 knots) and Sig- 
nificant evolution of the temperature field resulting from 
surface heating and wind mixing may well have occurred 
during the survey. These difficulties preclude investigation 
of the detail form of the front from ship’s observations 
alone, and we therefore proceeded to obtain alternative 
data using an ART. Surveys f and g (Fig. 2) represent 
results of ART surveys. In these two cases the position of 
the front has been corrected for tidal movements on the 
basis of the best available tidal stream data for the area. 
Errors which occurred in the earlier surveys because of 
tidal displacements, should not exceed 10 km. 

The position of the front does not vary greatly (Fig. 2). 
With the exception of survey c all the observed positions 
lie within 10 km of a mean position. The front observed 
on this occasion was mot well defined, and may have repre- 
sented a transient condition during the establishing of 
stratification. 

In aerial survey work, the radiation temperature of the 
sea surface is measured using a portable radiation ther- 
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mometer fitted to an aircraft. The instrument is calibrated 
in flight with a constant temperature black body, and simul- 
taneous measurements of the true sea surface temperature 
at a depth of 3 m are made from a ship at selected points 
on the flight plan. With these controls the errors in the final 
estimate of sea surface temperature may be kept as low as 
+ 0.1° C. The aircraft operates at an altitude of approxi- 
mately 150 m, from which the radiation sensor effectively 
samples an area of 50 m’ of the surface of the sea. 

Navigation is accomplished using the Decca Chain 
3B/MP, with the operational legs flown approximately 
north—south along red lanes at intervals of ~2 km (3 Decca 
lanes). A tidal correction is applied to the data, which are 
then transformed on to a square grid with a mesh size of 
2.54 hm. This is accomplished for each grid point by 
meaning all the temperature values falling in a square of 
length 3.81 km which is centred on that point. The resultant 
smoothing helps to reduce the noise inherent in the raw 
data. Objective contouring is then accomplished by linear 
interpolation between adjacent grid points, 

Figure 3a is the result of an ART flight on June 5, 1973. 
It shows a well developed frontal situation extending for 
almost 50 km through the survey area. The flight was made 
under nearly ideal conditions (clear sky, wind less than 10 
knots) following a long period of almost calm weather, In 
the three days before the flight, the wind at Ronaldsway 
(JOM) did not exceed 15 knots and no winds greater than 
20 knots were reported during the preceding two weeks. 
It therefore seems reasonable to assume that the observed 
position of the front represents an equilibrium undisturbed 
by wind mixing and transient motions produced by wind 
stress. 

The relative stability of the front is also indicated by 
observations made by the aircrew during the flight. The 
pilot reported that the line of the front was clearly visible 
because of an accumulation of surface material in the 
vicinity of the maximum surface temperature gradient. The 
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Fig, 2 Position of the maximum temperature gradient in 
the boundary front A as deduced from sea surface tem- 
perature surveys. Date of measurements: a. August 18-21, 


1971: e, June 26-30, 1972. f, August 24. 1972. g, June 5, 
1973. a, bov, dv and e, thermograph and TSD data; f, and g, 
ART data. 
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Fig. 3 a, Sea surface temperature distribution for June $, -5 
1973. Contours are at intervals of 0.25° C and have been _ 
drawn by an objective contouring programme. The data have 
been corrected for the observed difference between the 
radiation and thermograph temperatures of the sea surface. 
b, Contours of logw A/u’ with h in metres and u in m s~’. 
The dashed line shows the position of maximum gradient 
in Fig. 3a. The station positions shown (black squares) refer 
to the section shown in Fig. 4, which was worked in August 
1970, 


j | 
aircrew also noted changes in the colour of the sea and in | 
the state of the sea as the front was crossed. The change 
in colour (greener in the mixed water, bluer in the strati 
fied region) is probably a manifestation of the changes. 
the standing crop of phytoplankton in the frontal. region. 
Estimates made in July 1971 indicate that the chlorophyll — 
concentration decreases from ~1.5 ug I’ in the mixed 

water to ~0.5 ug V? in the surface water of the stratified 
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Stations Stations 


Fig. 4 North-south section across front A, showing the 

distribution of: a, temperature (°C), (solid line), and oxygen 

(ml I? at NTP), (dashed line), b, silicates (ug atom silica 

F°); c, nitrate (4g atom nitrate nitrogen); d, phosphates 

(ug atom phosphate phosphorus). The positions of the 

stations are shown in Fig. ye Data taken August 17-20, 
1971. 


: region. These changes in the standing crop of phyto- 
_ plankton may be associated with limitations which are im- 
_ posed by the availability of nutrients in the two regimes. 
The distribution of nutrients in a section approximately 
_ perpendicular to the front is shown in Fig. 4 together with 
the corresponding temperature and dissolved-oxygen data. 
These results were obtained in mid-August 1971 but are 
representative of the distribution of nutrients throughout 
the summer months. The contrast in surface temperature 
is slight, but the front is clearly apparent in the intensified 
horizontal gradients below the surface mixed layer between 
stations 84 and 94. The distributions of all three nutrients, 
nitrate, phosphate and silicate, and the dissolved oxygen, 
are strongly correlated with the temperature structure. In 
the cases of nitrate and phosphate, the concentration in the 
mixed water (stations 104, 114) is generally higher than in 
the surface layer of the stratified regime, but large con- 


centrations of all of the nutrients remain in the bottom 


water of the stratified regime, which is also characterised 


> by depletion of the dissolved oxygen content. The higher 
_ values of nitrate and phosphate at the surface in the ver- 
=>. tically mixed regime probably result from replenishment 
=> Of nutrients from the bottom, which is not possible in the 
< Stratified area because vertical mixing is strongly inhibited. 


The relative consistency of the observed position of the 
front suggests that the transition between stratified and 
unstratified regimes is essentially controlled by the level of 
tidal mixing. To examine this hypothesis we have con- 
sidered the energetics of tidal mixing in a simple case. 

Suppose that an amount, g, of heat is introduced into 


= the surface of a water column of depth A, and an initial 
_ density p. This heat input produces a density change Ap in 





a thin surface layer Ah. To mix the column vertically to a 
uniform density p’ in a depth h’ the potential energy must 
V, where 

Vi=4pgh’ — ApAhgh + Ph= potential energy before mfxing 

Vi==tp’gh” + Ph’=potential energy after mixing: where 
P= atmospheric pressure. 

Assuming that the density is a linear function of tem- 


perature, and neglecting salinity as a source of buoyancy 


input, then it is easily shown that A=/A’ and 
V,—-V,=aggh / 2c 
where «æ is the linear expansion coefficient and c is the 
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specific heat. For a rate of heat input Q, the demand 
for potential energy to maintain mixing would be 
dV /dt=aQgh/2c 
Energy is lost from the tidal motion at a mean rate of 
dE /d?=tyuy=ke |u% | = (4k /3m)p uo 
where u, and 7, are the velocity and shear stress res- 
pectively, near the bottom, and uw, is the amplitude of uw. k 
is a constant in the assumed quadratic friction law. 
A fraction e of this kinetic energy is considered to be 
available for increasing the potential energy of the water 
col so that at transition there is a balance defined by 
h/u',=8cpke/37agO 
If the area and time of interest are limited, QO can be 
regarded as constant. Then, providing ¢ and & are also con- 
stants, the locus of the front should be defined by a critical 
value of h/u*. Assuming that u, is proportional to the 
observed surface tidal velocity amplitude ux, Aju: can be 
used as the parameter which controls the formation of a 
front. Results for A/u.’, based on the computations of a 
numerical model’, are shown in Fig. 36, along with the line 
of the front observed in June 1973. The front is approxi- 
mately parallel to the contours of A/u.’ at a value between 
65 and 100. 

Assuming that £ and k are constant, this approach can 
be used to predict the occurrence of stratification and 
fronts for other parts of the continental shelf where the 
appropriate value of O is known. As a more exhaustive 
test of our hypothesis we have a programme in hand to 
compare all the available data on stratification on the 
shelf, with the distribution of A/u.’. We have already 
examined a front in the south-western approaches, the 
position of which (front B, Fig. 1) was predicted in this 
way. Observations in August 1972 revealed a transition 
occurring for A/u.=55. Considering the uncertainties in 
i this value is not significantly different from that given 
for the A front. Provisional data for a less well defined 
transition in the Channel suggest a similar critical value 
of h/ux 

At present, relatively little is known of the residual 
velocity field in the vicinity of the front, largely because of 
the difficulties of making measurements of a velocity field 
which is being displaced tidally through an excursion of 
about 10 km. Observations with parachute drogues, which 
were tracked by radio in both the A and B fronts, show 
residual velocity vectors with speeds up to 10 cm s~' approxi- 
mately parallel to the front. Whether or not these velocities 
are generally in geostrophic balance with the density field 
remains uncertain on the basis of present knowledge. Such 
a balance is, however, suggested by data obtained in obser- 
vations of the B front in August 1972, and if confirmed, 
would indicate longitudinal velocities of up to 30 cm s~ in 
parts of the front. 

We are grateful to Graham Savidge of the Marine 
Science laboratories for the nutrient data in Fig. 4 and to 
the Meteorological Research Flight for providing the ART 
facilities. 
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Irregularities in | 
dendrochronological calibration 


Most of the ‘wiggles’ in the Suess curve', which is used for 
calibrating radiocarbon dates (denoted b.p.: sidereal dates 
denoted sP) in terms of dendrochronology, are likely to be 
artefacts’. Curves with almost undiscernible fluctuations have 
been produced. There are, however, physical reasons for 
expecting some changes in the “C content of the atmosphere 
to have occurred and it is important to locate them by a 
method that does not depend either on intuition or on mini- 
mising deviations over the whole range of the curvet, 

It should be possible to locate wiggles, if they exist, by using 
the estimated radiocarbon ages of samples themselves. If the 
samples have a uniform age distribution in sidereal time, then 
the apparent distribution in radiocarbon years would be uneven 
around the date at which the wiggle occurs; in other words, 
the apparent distribution of the samples in radiocarbon years 
would act as an indicator of the first differential of the slope of 
the calibration curve. Simulation trials showed that the uneven 
distribution can indeed be picked up, particularly if the sample 
ages are grouped at intervals which are small in comparison 
with the expected duration of the wiggle, but that the method is 
much more likely to be successful with a short lived sinusoidal 
irreguiarity than with a gradual but permanent change in 
slope. Stuiver (see ref. 7) has apparently tried a similar idea but 
his results are not available to us. 

If the method ts to be successful, there have to be enough 
sample ages available to ensure that, first, their distribution is 
uniform (although not necessarily constant) and, second that 
small regions of local high frequency are swamped. To meet 
these requirements we have considered all of the radiocarbon 
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Fig. 1 Frequency distribution of published radiocarbon dates. 


a, All dates; 4, geological dates. In each case a smoothed curve 
has been constructed (see text). 


dates recorded in volumes I to 15(2) of the journal Radiocarbon. 
All of the dates used had the half life of 5,570 yr; deep sea 
samples were omitted but pelagic shell samples were not, 
because there is some doubt about whether any correction is 
necessary for shallow waters’*. No attempt was made to 
separate samples from the southern hemisphere. ‘“Archaeologi- 
cal’ and ‘geological’ dates were collected separately. We recorded 
approximately {3,800 archaeological, and 12,500 geological, 
dates going back 50,000 radiocarbon years. 

The archaeological dates are not so suitable for testing, 
because almost all occur in the first 4,000 yr b.p. They will be 
discussed elsewhere, and here we report findings from the 
geological dates, and from the combined series, going back to 
40,000 vr b.p. 

A smoothed frequency curve was constructed by applying 
first-order smoothing algorithms (IBM SSP routines SEI3 and 
SEI5) successively to the grouped totals for intervals of 200 yr. 
From this a Kolmogorov-Smirnov. statistic was calculated 
and was used to provide confidence limits!” for a curve corre- 
sponding to at least 150 dates, or extending over at least 150 yr. 
The sections were made to overlap, so that each decade interval 
had more than one chance of being in the centre of the sectional 
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Fig. 2 Correlation of wiggles predicted by frequency analysis 
with MASCA calibration curve!? a, geological series, 


curve. The actual frequencies of the dates, grouped in decades, 
were then tested against this smoothed curve, using Lis. 
and 10° probability criteria. 

it was possible to identify several probable wiggles. Beyond 
14,000 yr b.p. the frequency of the dates is too low (Fig. 1) to 
pick up with certainty anything other than a possible irregularity 
at about 29,000 yr b.p. This correlates moderately well with the 
shift in the 10/0 ratio reported from the Camp Century ice 
sheet between 30,000 and 35,000 yr sp. Excluding irregularities 
which extend over just a single decade, only five wiggles are 
significant at the 1% level: they occur in two major groups 
at about 3,800, 4,400 and 4,700 yr and 8,800 and 8,900 yr b.p. 
The archaeological data, at a low significance level, indicate two 
wiggles, at 200 and 400 yr b.p., which may be assigned to the 
original Suess and de Vries deviations. There is quite a good 
correlation between the irregularities predicted by this study 
and the small scale variations (which are nevertheless important 
for archaeological dating) in the recently published MASCA 
dendrochronological calibration curve (Fig. 2). The chief 
difference is the almost complete absence of wiggles in the 
third millenium BC. 

There is also a remarkably good correlation between the 
irregularities found in this study and Bray’s'® estimates of the 
dates of maximum glacial retreat (we assume that his dates are 
uncorrected radiocarbon years). It is therefore likely that the 
most intense and long lasting wiggles predicted by us—at about 
8,600-9,000 yr b.p.—correspond to the large climatic change at 
the beginning of the present interglacial. This could be used to 
try to obtain an absolute dating for this irregularity. If the slope 
of the dendrochronological calibration curves from 1,000 to 
5,000 yr BP were to continue back indefinitely, the period 
8,600 to 9,000 yr b.p. (radiocarbon) would correct to 10,500- 
11,000 yr Bp. There is some difficulty in obtaining estimates of 
climatic events which do not depend on uncorrected radio- 
carbon dating. The oxygen isotope profiles published by Johnsen 
et al."} show that the Allerod change was completed by about 
11,000 yr Be in the Greenland ice core, which fits rather well 
with pur extrapolated correction. On the other hand, Stuiver’s 
curve relating the age determined by the “C method to varve 
counts’, shows a large deviation in both Swedish and Minnesota 
varves at about 8,000-8,500 yr spP. If these are sidereal dates, 
identical with the irregularity under discussion, the dendro- 
chronological correction would be zero at about this time. 
On this graph, however, the Swedish varves show absolutely no 
shift in ANC over the period from 8,500 to 12,500 yr BP (ref. 14), 
which does not seem to correlate with the '*O/'8O record at 
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Table 1 Significant irregularities (radiocarbon yr) in frequencies of 
geological “C dates 
Date b.p. Significance level Date of temperature 
maximum (from 
Bray**) 
890 P<0.] 900 
1,620 0.05 1,600 
3,180 0.1! — 
3,350 — 3,390 0.1 3,300 
i 3,800 
4,200 — 4,210 0.0] m 
4.460 — 4,470 0.05 4,400 
a 4,500 
4.660 — 4,690 0.05 — 
ss 5 800 
s 3.900 
6,000, 6060 © . 
6,550 — 6,640 0.05 6,500 
t 7.100 
8,600 ~ 8,800 0.01 8,500 
8,910 — 9,050 0.01 8 800 
_ 9.600 
_ 9,700 
10,140 - 10,190 O08 ~~» 
10,990 0.05 Haid — 
11,980 — 12,020 0.05 11.800 
12,250 
12,590 — 12,640 Ob 
en 13,400 
ae 14,100 
14,640 — 14,790 0.1 14.700 — 15,500 
16,100, 16,800 
18.000, 18,300 
19,100, 20,300 
27,430 ~ 27,490 Qe 
27,630 ~ 27,660 ro 





Estimates of significance are conservative (see ref. 10). 

* Irregularity at 3,770 - 3,810 yr b.p. in combined data (P < 0.01), 
t Irregularity at 6,910 — 7,020 b.p. in archaeological data (P < 0.05), 
all. Moreover, this interpretation of the Swedish data has been 
disputed’, At present, we prefer to correlate our chart of 
irregularities with the oxygen isotope profile, partly because of 
the coincidence at 30,000 yr Be and (with the Southern Hemi- 
sphere profile) at 4,000 yr Bp, and partly because a massive 
SC correction factor would explain the present dearth of dates 
for the Mesolithic in the period 8,000 to 10,000 yr Be (J. B. 
Campbell, personal communication). This identification is very 
tentative. 

Nonparametric search techniques require a point estimate for 
each event that forms part of the frequency, whereas radiocarbon 
determinations, by their nature, include a statistical uncertainty. 
We are aware that in converting from one to the other we have 
lost the information contained in the estimate of standard 
deviation accompanying each published date, but it was 
inevitable that many different kinds of sample, with different 
inherent errors, should be brought together, ifenough dates were 
to be assembled to cover acequately a long time-span. No 
single laboratory could have provided enough dates for this 
purpose. We feel that our approach was justified in that, up to 
about 7,000 yr b.p. (after which archaeological dates become 
very infrequent), there is substantial agreement between the 
dates of wiggles predicted by the geological and archaeological 
dates taken separately, particularly in the period of intense 
disturbance from 4,000 to 5,000 yr b.p. It is likely that some 
smaller wiggles may have become blurred, but in any case we 
do not think that the method described here would pick up the 
recently reported decadal rhythms. We wished in the first 
instance to see whether independent evidence could be provided 
for any of the fluctuations of about a century’s duration, which 
characterise the Suess curve. For a similar reason we included 
dates from both the Old World and the New World, and from 
both hemispheres. There has been @n increasing tendency for 
archaeologists to point out that the dendrochronological 
evidence for “C calibration is at present derived froma relatively 
small area of the United States, and to draw attention to 
apparent discrepancies in certain millenia and in certain areas 
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of the Old World (for example, the Mediterranean basin). It 
therefore seemed important to establish ‘global’ wiggles, 
although it would undoubtedly be interesting in later studies 
to test separately dates from all quadrants of the earth. 

We are satisfied that there are about four serious wiggles in 
the dendrochronological calibration curve, concentrated in the 
second and third millenia ac. It should not be difficult to 
determine the shapes of the irregularities by standard statistical 
techniques, now that the regions in which to search have been 
identified. 

We would like to thank Dr H. E. Suess for discussion on 
this topic. 
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Polymer structures and turbulent 
shear stability of drag reducing solutions 


THe phenomenon of frictional drag reduction in the turbulent 
flow of Newtonian fluids, by the addition of high molecular 
weight polymers, has been known for some time. Because of the 
great potential it offers in various technological applications 
this phenomenon has generated considerable engineering 
interest. Unfortunately, when a limited volume of polymer 
solution is continuously exposed to mechanical shearing action, 
either by repeated uset or by passing through long pipelines’, 
drag reduction rapidly declines, indicating a rapid breakdown 
of the polymer molecules”. This polymer degradation greatly 
limits the appheation of drag reducing polymers. When con- 
sidering the use of high molecular weight polymers in operating 
systems their shear stability must be considered as equally 
important as their effectiveness in drag reduction. Polymer 
degradation effect is likely to be caused by the scission of 
molecular entanglements or the breaking of individual molecules 
induced by the shear stresses associated with very high focal 
shear rales’. But previous studies were made mainly with linear 
polymers such as polyethylene oxide (PEO) and polyacrylamide 
(PAM), because a linear structure was believed to be most 
effective’. We have studied the effect of polymer structure on 
*turbulent drag reduction by synthesising drag-reducing agents 
of different structures®. Here we present the results of an 
investigation of the degradation behaviour of a highly branched 
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PAM, and compare the results with those observed with 
ordinary linear polymers. 

The branched PAM sample was synthesised by grafting PAM 
chains on to a small, nucleus molecule. The nucleus was 
prepared by reacting tetraethylene pentamine with epichloro- 
hydrin. A typical structure of this backbone molecule may be 

represented as follows: 


HOR ROH ROH 
N \ x 
N--CH >CH >-—N—CH2CH »>—N-—-CH 2CH3--N—CH 2CH2—N 
Zz Se ye N 
ROH ROH 
ROH: CH3CH—CH Cl 


OH 


HOR ROH 


There was a total of seven potential chain-grafting sites in this 
molecule. Through the redox reaction of the molecule with 
ceric ion, the graft polymerisation of acrylamide was initiated 
on the ROH groups’. The polymerisation started instantaneously 
and proceeded at a much higher rate than with the ceric ion 
alone. This suggested that the probability of ungrafted acryla- 
mide polymerisation occurring is negligibly small. The poly- 
merisation was carried out in aqueous solution using the redox 
system under a nitrogen atmosphere for 5 h at 32° C, resulting 
in a gel-like, transparent material which was completely water- 
soluble. The intrinsic viscosity of this PAM compound was 
6.13 di g7, leading to an estimated molecular weight of 
1.7 x 10° (using the relationship in ref. 8). But as this relation- 
ship was developed for linear PAM, it may not be relevant to 
the present highly branched structure. The details on the 
polymerisation will be published elsewhere. 

The drag-reducing capability of the branched PAM sample 
was characterised in a capillary flow system of diameter 
0.1575 cm. A detailed description of the apparatus was presented 
elsewhere’. Using the characterisation technique developed 
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Fig. 1 Degradation behaviour of the 100 p.p.m. solutions of 
PEO (closed symbols) and branched PAM (open symbols). 


prediction of Bueche’s midpoint break theory!?. According to.” 









earlier’, the effectiveness of the branched PAM was evaluat 
at a fixed Reynolds number of 9,000. On a unit concentrati 
basis at infinite dilution this compound had an effective 
measure (Ef?) = 4.14 in units of percentage drag reducti 
per parts per million (% / p.p.m.). The degradation behavio 
of commercial linear PEO and PAM compounds with simila 
effectiveness was compared with that of the branched PAM. 
Polyox-WSRN-3000 (Union Carbide Corp.; Eff = 415 © 
% jp. p.m.) and Magnifioc 905N (American Cyanamid Co.; 
Eff = 3.78 % / p.p.m.) were used. The solutions were repeatedly oe 
passed rodoh the capillary and the change in percentage drag 
reduction recorded for each pass. These measurements provided es 
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Fig. 2 Degradation behaviours of the 100 p.p.m. solutions of ` 
linear PAM (closed symbols} and branched PAM (open . 
symbols). 





a relative measure of the shear stability of these compounds of ae 
different molecular structure. 2 
The degradation behaviour of 100 p.p.m. solutions of the = 
branched PAM, the linear PAM and PEO are shown in Figs bo 
and 2. The data show comparisons on an equal concentration. = 
basis with approximately equal initial percentage drag reduction. 
At three different Reynolds numbers, the solutions of linear: 
PAM and PEO showed a very rapid decline in percentage drag = 
reduction with increasing number of passes through the 
capillary. The rate of the decrease in percentage drag reduction 
is much slower for the branched PAM. Such a contrast in 
degradation behaviour clearly demonstrates the superior shear =- 
stability gained by molecular branching. Physically, this may —__ 
be explained by the molecular scission concept. Recent experi- 
mental results of a degradation study of polyacrylamide in a 
high shear flow!!! showed general agreement with the theoretical . 






this theory, polymer chain breaking does not take place at 
random along the chain but occurs predominantly in the 
central portion of the chain where the extending forces are 
maximum. In the case of a linear polymer, this kind of chain 
breakage will immediately reduce the polymer molecular 
weight to approximately one-half. The drag reducing ability of 
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the compound is therefore greatly reduced because of the 
strong dependence of drag reduction on polymer molecular 
weight®. In the case of the branched PAM sample, however, 
the reduction in molecular weight is apparently less drastic 


~ probably because the shear forces acting on the polymer are 


distributed among the individual chains. Any reduction. in 
molecular weight, when it occurs, will probably be of the order 
of a chain length rather than one-half of the molecule. 
it can be seen that the improvement of the shear stability by 
branching is more pronounced at lower Reynolds numbers. 
If turbulent drag reduction is considered as a manifestation of 
“the intensive interactions between polymer molecules and the 
dissipative turbulent eddies, this Reynolds number effect may 


i be explained as follows. In the dissipation range, the Komol- 
= gorov eddy scale, n, is related to the kinematic viscosity v 
and the dissipation e by n = (yè). It can easily be shown 


n ~ d{Re*! 


< where d is the capillary diameter and Re the Reynolds number. 
Since d is fixed in the present case, the turbulent dissipative 
eddies have relatively smaller scales at higher Reynolds numbers 


` than those in flows of lower Reynolds numbers. The degraded 
zo polymer molecules, presumably having smaller coil sizes, may 


still be able to interact effectively with the dissipative eddies in 
fows of higher Reynolds numbers, but have become less 
effective in lower Reynolds number flows. 

The present results also suggest that the linear PAM solution 
shows as poor shear stability as the PEO solution. This is in 
contrast to the general belief that the PAM solution is more 
shear stable than the PEO solution in turbulent flows. From the 
chemical point of view, a better shear stability for PAM can be 
possible only if some turbulence-induced oxidation is involved 
in the degradation process, as proposed by White’, but this ts 
not obvious according to the present data. We showed that the 
presence of counter-ions surrounding the domain of an ionic 
polymer could greatly improve the polymer shear stability in 
turbulent flow. Most of the previous PAM degradation 
studies used commercially manufactured compounds. These 
materials, after long handling and storage periods, could very 
possibly have become partially hydrolysed to form copolymers 
of PAM and polyacrylic acid. This is especially true if the 
materials were exposed to moisture for a long time. This 
variation, as we have shown”, could very well introduce higher 
resistance to mechanical shearing to these so-called PAM 
compounds. 
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Hardening of immersed metals by ultrasound 


During electrodeposition in an ultrasonically agitated 
solution, the hardness of copper anodes increases, and 
sometimes they perforate in a nonuniform manner’. De- 
posits plated from electrolytes which have been subjected 
to ultrasound have a higher hardness than those produced 
from still solutions’. Here we report on the change in 
hardness of a wide range of metals. 

We used strips of metal about 10 cm long, 1 cm wide 
and 0.1 cm thick. The majority of these were annealed 
for 2 h at a temperature of about 60% of the melting point 
(in degrees absolute) and the hardness (HV) was measured 
with a microhardness tester using a load of 25, 50 or 100 g. 
The same load was used in all the measurements of any 
one metal. 

The metal strips were subjected to ultrasound by immer- 
sing them in tap water in an ultrasonic tank. The specimens 
were treated individually to prevent shielding and were 
clamped centrally and perpendicularly about 1 cm above a 
12.5 cm diameter transducer probe. The ultrasonic field, of 
frequency 13 kHz and intensity 930 W m”’, was applied for 
5 min. The specimens were then removed and the hardness 
of an area in the centre of the strip was measured 
immediately. This procedure was repeated keeping the 
metals in the ultrasonic field for increasing intervals of up 
to a maximum of 1,500 min. Tin and zinc, however, per- 
forated before the end of this time. The hardness was 
measured again one month after the completion of the 
experiment to check whether any change had occurred 
during storage at room temperature. 

The changes in the hardness of the various metals during 
the time of ultrasonic bombardment are shown in Fig. | 
and the relevant data are given in Table 1. 
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Fig. 1 The effect of ultrasonic agitation on the hardness 

of immersed metals. Metals with the same crystallographic 

structure are grouped together wherever possible: a, Mg: 

b, Zn: c. Cd; d, Sn; e, mild steel, f, Ni; g. brass, h, Cu; 
i, Nb; j, Ak A, Zr I Ti; m. Ta. 
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Table 1 Changes in hardness of immersed metals produced by ultrasound and during subsequent storage 


Hardness HV 


After 
Metal Crystal Initial 1,500 min 
structure agitation 
Aluminium Lex, 327 61 
‘Copper f.c.c. 47t 117 
Nickel Fec. 110ł 225 
Brass 70/30 f.c.c. 75t 134 
Stainless ! 
Steel 18/8 ee 249% 450 
Niobium b.c.c, 70t 89 
Tantalum b.c.c. 210t 299 
Mild steel b.c.c. 142+ 251 
Cadmium c.p.h. 2.0" 45 
Magnesium c.p.h. 40* 92 
Zinc c.p.h. 4it 728 
Zirconium eph. 2217 345 
Titanium c.p.h. 270% 342 
Tin Tetragonal 11.8* 16.0§ 


f.c.c., face-centred cubic; b.c.c., body-centred cubic; c.p.h., close-packed hexagonal. Microhardness load: *25 g; +50 g; {100 g. 


$After 360 min. 


The increase in hardness produced by ultrasound was 
not uniform but varied considerably over the surface; this 
was particularly noticeable on some metals which perforated 
during bombardment. Variations were also observed when 
the microhardness was measured at different areas on the, 
surface, and because of this the readings were always taken 
on the same central area of the specimen. These variations 
may result from the presence of a standing wave which 
would form nodes and antinodes in the water above the 
probe. 

The hardness of all the metals except tin, which showed 
only a slight change, increased rapidly at first and then 
tended to reach a steady value; a further increase in hard- 
ness was usually observed over the period of bombardment 
360-1,500 min (Fig. 1). 

There are certain similarities in the patterns of the per- 
centage increase in hardness of metals which have the 
same crystallographic structure (Fig. 1). Face-centred 
cubic metals increased by about 80-150%, whereas body- 
centred cubic metals showed a much lower change of 27- 
77% and the change in close-packed hexagonal metals 
ranged from 27-130%. Tantalum, which is much purer than 
niobium showed less resistance to dislocation movement and 
underwent a higher increase in the percentage hardness. 
The lattice of brass was more strained than that of copper, 
which resulted in a much lower increase. 

The increase in hardness of a metal exposed to ultra- 
sound may result from the cavitation that occurs at the 
metal surface. The pressure in cavitation bubbles before 
they collapse has been calculated to be several thousand 
atmospheres’ and, as the cavities implode, shock waves 
deform and harden the surface. Thus the lattice of the 
material at the surface of the metal may be distorted, and 
internal strains may be present in the surface layers. 

A very significant decrease in the hardness during 
storage was observed with many of the metals, and in some 
cases, such as Ti, the value dropped to almost the initial 
reading. This softening process is too high to be a result 
of annealing at room temperature but could be caused by 
recovery at room temperature. There is a definite trend 
in metals with the same crystal structure (Table 1) between 
the percentage decrease and the r&tio of storage temper- 
ature to melting point. Greater percentage decreases 
occur with the higher ratios which suggests that it ts the 
-recovery of point defects which gives the observed softening. 
1 We thank the Science Research Council for financial 
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Anion coordination geometry asa 
determining factor in crystallographic she 


ATTENTION has been drawn to some of the consegui 
anion polarisation in one crystallographic shear (CS) 
the reduced titanium oxides'; particularly to the ef 
crystal energy and cation coordination geometry. The exis 
of polarisation in typical CS structures is indicated by the 
values of certain common properties—the dielectric constant 
and refractive index are both high—by the more direct, exper 
mental determination of net ion charges in some double CS 
(column, or so-called ‘block’) structures*, and by the chara 
teristic persistence of the cation coordination geometry 
which is invariably octahedral. 7 
Polarisation produces some directed covalency. The implic A= 
tions of this for anion coordination geometry are immediate 
and simple, but far reaching. For a second row element of the 
perfodic classification, such as oxygen, the maximum o 
tion number for covalent bonding is CN(O) = 4. Thus, 
ordered, réduced-rutile structures there can be only one set ot 
C S planes: this raises the coordination aimee of anions at. } 




















CN(Q) = 4. On the otici hand, when an ReO „type Aia 
is reduced by CS, CN(O) is increased from 2 to 3 for one set of 
CS planes (slab structures). A second, intersecting set of cS 
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thus producing column structures. True block structures— 
with three intersecting sets of CS planes—could not exist, 
because CN(O) = 5 would be produced (as it would in column 
structures derived from a rutile type parent). 

Because CN(O) < 4, the minimum stoichiometry for any 
CS structure MO, will be Xmin = 1.0, 1.5, 2.0 for catien 


regular cation coordination polyhedra: tetrahedron, octahedron 
and cube.) The stoichiometry of the parent structure must be 
X > Xmin- Therefore, for octahedrally coordinated cations, the 
most reduced CS derivative will have x == X mig = 1.5 (compare 
with corundum type M.O,). On the other hand, CS in reduced 
fluorite type oxides is immediately ruled out, even though their 
bonding is of a covalent character’; because already, in the 


These deductions are all in complete accord with a vast 
amount of experimental evidence. Furthermore, the ‘distortions’ 
from conventionally idealised structures (with regular [MO,] 
octahedra) to the real structures, which occur in the parents 
and in CS, column and bronze type derivatives, clearly show 
the strong tendency towards anion coordination symmetries 
appropriate to sp, sp? and sp? hybridisation, and characteristic 
of CN(O) = 2, 3 and 4. 

For tetrahedrally coordinated cations the situation is unclear: 
no transition metal oxide is known to retain exclusively 
CN(M) = 4 on reduction. For example, although CrO, 
contains only [CrO,] tetrahedral groups, the (high pressure) 
structure of Cr,O,, contains [CrO,] octahedra in addition to 
{CrO,] tetrahedra, whereas the (ambient pressure) struccures of 
the reduced B and y oxides are unknown’. 

In other metal oxide systems either the cations are not of 
variable valency (which is essential for CS in a binary system) 
or the situation is complicated by the effects of stereochemically 
active lone pairs of electrons (Ge, Sn, Pb, Sb, Bi)®. Perhaps they 


have been insufficiently studied. That is certainly ‘rue of 


systems with other anions, such as fluoride. There, however, 
polarisation effects will be much smaller than with the oxide ion, 
and there is certainly no evidence so far of CS in metal fluorides, 
although it does occur in oxide fluorides. 

I thank M. O'Keeffe. Arizona State University, for helpful 
correspondence. 
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Molecular mechanism for 


missense suppression in E. coli ° 


THE missense mutation frpA36 results in a Gly (GGA) -Arg 
(AGA) amino acid substitution at position 211 of the trypto- 
phan synthetase A protein’. Suppressors of trpA36 have been 
derived by mutation in g/yT, the gene specifying .RNAU? 2... 
and in glyU, which specifies tRNA! (refs 2-4). Transfer 
RNA from strains carrying either of the e/vTsu436 or 
glyUsuA36 alleles inserts glycine into polypeptides, i viro 
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and in vivo, in response to the arginine codon, AGA®*5-®, We 
report here a comparison of the nucleotide sequences of 
tRNA ya and tRNA Saag the glyTsuA36(HA) mutation 
results in a C---U base change at the 3’-end of the anticodon 
of tRNA a, which causes a subsequent, enzyme-catalysed 
modification of the A directly adjacent to the 3’-end of the 
anticodon. 

**P-labelled tRNA? da obtained from glyT* E. coli 
Strains, was purified by the methods of Gillam ez al.. 2P- 
labelled tRNA Sua, was obtained by infection of strain 
BF266 with the phage, AhSOdg/y7TsuA36, (ref. 9) and was 
purified by BD-cellulose’? and RPC-5 reverse phase chromato- 
graphy. The tRNAs were sequenced by the methods of 
Sanger and co-workers, as described by Barrell. A complete 
account of the purifications and sequence procedures will be 
presented elsewhere. 

Ribonuclease T, fingerprints of the two tRNA species are 
quite similar, differing only in the position, and sequence, 
of oligonucleotide T-13 (Fig. 1), which forms the anticodon 
loop of the tRNA molecule (Fig. 2). Oligo T-13, from 
tRNA, has the sequence CCUUCCAAG; oligo T-13’, 
from tRNAG®2..., has the sequence CCUUCUAAG. A 
portion of both species has an unidentified modified U in the 
wobble position of the anticodon (Fig. 2). The gly TsuA36( HA) 
mutation, therefore, replaces the C tn the third position (3’- 








Fig. | A comparisof® of ribonuclease T, fingerprints of: 
(a) (RNA pao: Ob) RNA Z aao First dimension electro- 
ephoresis on cellulose acetate at pH 3.5 was from right to lefi. 
Second dimension electrophoresis on DEAE paper in 7°, 
formic acid was from top to bottom. The symbol B denotes the 
position of the blue dye marker (xylene cyanole FF). 
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Fig. 2 tRNA{ o drawn in the cloverleaf configuration. 
The arrows indicate the changes resulting from the g/yTsuA36 
(HA) mutation. N, an unidentified derivative of U, is present in 


. . * + . X 
a portion of both species. A, as yet unidentified, is apparently a 
derivative of N®&-carbamoylthreonyl-A. 


end) of the anticodon of tRNA g4 with a U, changing the 
anticodon sequence from UCC to UCU. The observed anti- 
codon sequences are, as might be expected, complementary to 
the codons recognised by the tRNA species in vitro and in vivo. 

Other missense suppressors can arise by alteration of the 
anticodons of, and thus the codons recognised by, particular 
tRNA species. For example, tRNA‘. which inserts glycine 
into polypeptides in response to the cysteine codons, UGU 
and UGC, was derived from tRNA. by a CA base 
change at the 3’-end of the anticodon’*, tRNA‘ *, which 
recognises the glycine codons GGA and GGG, was derived 
from tRNA. by a G-U base change in the wobble 
position of the anticodon™, tRNA, which recognises the 
glutamic acid codon, GAG, was derived by a C--U base 
change in the middle position of the anticodon of tRNA‘! 
(ref, 14). In all cases, the anticodons of the suppressor tRNAs 
are complementary to the missense codons suppressed by 
these tRNAs. 

As shown in Figs 2 and 3, the A adjacent to the anticodon 
Of tRNAGK Suwa, is modified, while the corresponding A in 
tRNA cu Is not. The modified nucleotide, as yet unidentified, 
is converted to Ap by treatment with alkali; it exhibits an 
electrophoretic mobility at pH 3.5 (relative to Up) of 0.98, 
and chromatographic mobilities in systems A and B (ref. 11) 
(relative to Up) of 0.66 and 0.5 respectively. Since derivatives 
of N-[9-( B-p-ribofuranosyl)—purin—6—yicarbamoy!l ]threonine 
(t*A) are found adjacent to the anticodons of tRNA species 
recognising codons beginning with A (ref. 15), we suggest 
that the modified A adjacent to the anticodon of tRNA Gma 
might be such a derivative. The enzymes responsible for this 
modification must recognise, at least in part, the anticodon 
sequences of prospective tRNA substrates, An analogous 
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situation exists with tRNA ï, which has 2-thiomethyl-6- 


isopentenyl-adenine (ms*i®A) adjacent to the anticodon; the 


corresponding A in tRNACG 3. is not modified (Fig. 3). 
Some suggestions have been made concerning the physio- > 


logical significance of such modifications; for example, 
tRNA, lacking the isopentenyl modification adjacent to- 


the anticodon shows a greatly reduced ability to recognise 
the codon, UAG, in vitro, but appears to function normally 
in other respects*®. 

The following observation suggests that the greatly reduced 
rate of aminoacylation of tRNA 2 aa, (1074 times that of 
tRNA? Zgo under identical conditions)**" is a result of the 
base change in the anticodon, rather than the modification 
of the adjacent A. A tRNA capable of inserting glycine into 
polypeptides, in vitro, in response to the arginine codon, 
AGA, has been derived from tRNAG!2,, by nitrous acid 
deamination, presumably of the C at the 3’-end of the anti- 
codon. This altered tRNA“ *, chromatographically different. —. 
from tRNA 2 aa, and probably lacking modification of the = 


A adjacent to the anticodon, exhibits a greatly reduced rate 
of aminoacylation’. The role of the anticodon sequence in 
the aminoacylation reaction has been suggested for other 
tRNA species. If the anticodon of tRNA™?, is changed from > 


CCA to CUA, the altered tRNA can be enzymatically amino- 
acylated with glutamine'’. If a C in the anticodon of tRNA} 
or tRNA*" is chemically modified to U, the tRNA can no 
longer be enzymatically aminoacylated'**’. Preliminary at- -> 
tempts to isolate unmodified tRNA‘S2.,,,,, in order to test = 
this hypothesis directly, have been unsuccessful; in fact, 
modification of the A adjacent to the anticodon has been 
found in the uncleaved precursor of tRNAGHJ.4,, (S. Chang, 
and J. C., unpublished results). 


OODLE 
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Fig. 3 A comparison of the anticodon changes and resulting 

modificational changes of : (a) tRNA dao? TRNAS Sgap and 

(b) tRNAGG He — tRNAGK 2. In each case, substitution of 

the base at the 3’-end of the anticodon results in a modification 
of the adjacent A, 


GlyTsuA36 mutations cause pleiotropic effects, of varying 
severity, on the cell; these effects are due, at least in part, to 
the loss of GGA translating ability, since they are reversed 
by the presence of g/lyT* (normal tRNAtGs,) or gly Vins 
(TRNAGH A. > tRNAGY 3) (refs 2,4 and 13). For example, 
the glyTsuA36(HA) allele is semilethal when haploid’. The 
glyTsuA36(/59) allele, which is probably the result of two 
or more closely linked mutational events, renders the cell 
tryptone-sensitive; when shifted from minimal to complex 
medium, cells carrying the g/y7TsuA36(/59) allele cease normal 


cell division, form long aseptate filaments, and die***. Nucleo- a 
tide sequence studies orf tRNA‘ 2... may suggest a molecular 


basis for the less severe pleiotropic effects of glyTsuA36(U159); 
glyTsuA36(159) may specify a tRNA“? with the glyTsuA36 
(HA) anticodon alteration plus a second nucleotide substitu- 
tion which allows the tRNA to recognise with low efficiency 
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the glycine codon, GGA, in addition to the arginine codons 
AGA and AGG (ref. 4). 
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X-ray diffraction studies of 
DNA at reduced water contents 


RepecepD water contents probably stimulate most closely 
the Jocal environment about DNA when it is complexed 
with protein. At low water contents, less than about six 
water molecules per nucleotide, the equilibrium confor- 
mation for pure DNA is the A form’. The A form does 
net alter with base composition’ whereas the B states of 
DNA are strongly correlated with chemical composition’. 
The A conformation (A state) is the only one which can 
be called a distinct form. There are many B type con- 
formations all having ten base pairs per turn. ‘C form’ is 
a misnomer. We use the term ‘C state’ or type for structures 
having a pitch between 29 and 33A and a diffraction In- 
tensity distribution of weak. strong, then weak on the first 
three layer lines. i 

Since the discovery of the A form’, all experiments on 
A-DNA where lattice formation could be detected, have 
shown the presence of a crystalline state. We have speci- 
fically looked for noncrystalline A-DNA but have not found 
it. In fibres, one might argue that orientation would favour 
and highlight crystalline regions, but this would not be 
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the case for unoriented gels. We have dried wet gels to 
about 70% DNA concentration and subsequent X-ray 
scattering experiments have shown only B or crystalline 
A patterns. 

As it has been reported that the circular dichroism and 
Raman spectra of DNA in 80% ethanol is the same as 
A-DNA in films and fibres’’, we decided to study the con- 
formation of DNA in this solvent. 

Indeed, we found that DNA did adopt the A conforma- 
tion in 80% ethanol and that this A state was always cry- 
stalline and quite similar to that previously observed in 
gels and fibres (see Fig. 1). We also found that, after the 
addition of ethanol to a DNA gel, complete formation of 
the A state could require up to several hours and that, 
upon the B to A transition, spontaneous preferential 
orientation sometimes occurred. 

In the nucleus, conditions for DNA crystallisation are 
obviously very unfavourable because of the protein-DNA 
and water-DNA linkages which are stronger than DNA- 
DNA interactions. Consequently, it is of biological interest 
to examine the dehydration of DNA under conditions 
where A transitions are inhibited, 

At high water contents in solution and in fibres DNA 
assumes conformations of the B type’? and when a B-DNA 
gel or fibre is slowly dried at lower relative humidity (r.h.), 
a transition to the A form is nearly always observed. But, 
if a hydrated fibre is maintained under tension while it is 
dried rapidly, the 30%, contraction in length required for 
a B to A transition is inhibited and other conformations 
are adopted. When a wet gel of Clostridium perfringens 
DNA (69% A-T) is maintained under tension while drying 
at 20°-25° C, subsequent X-ray fibre patterns show diffrac- 
tion of the P type at NaCl contents less than 2% and of the 





Fie. 1 A pattern of calf thymus DNA in 80°, ethanol 
taken with a torroidal camera in air in a glass capillary 
tube. The concentratign of DNA was about $50.. Din it Was 
present as a precipitate. The diffraction is that of the 
crystalline A state and preferential orientation was observed 
@nernendicular to the length of the capillary. The ring at 
114 A is fram silicon powder on the capillary. Similar A 
paterns have been observed with Cl perfringens DNA in 
80°.) ethanol. . 
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Fig. 2 A crystalline B pattern from Cl. perfringens DNA 

at 44% r.h. showing a small amount of A form (notice the 

slight splitting of the second layer line). The fibre which 

contained 59% excess salt was dried on a fixed platinium 
support at 37° C. 


T type at higher salt concentrations. (The nature of these 
patterns has been described previously*; in short both the 
T and P structures are more highly wound and have smaller 
radii than the A, B or C structures.) The P and T states 
are stable for at least several days at 66% r.h. even if the 
fibre is freely suspended. But if the r.h. is raised to 98% 
and then returned slowly to 66% r.h., an A diagram appears. 
(Similar hysteresis effects have also been observed by Dr. 
A. M. Levelut at the Laboratoire de Physique des Solides, 
Orsay.) 

If a gel of CI. perfringens DNA on a fixed support is 
quickly dehydrated by drying at 37°C at r.h. < 66%, a 
B state is often obtained. These X-ray patterns are more 
crystalline than any other sodium B patterns yet observed. 
Some patterns (as in Fig. 2), however, show the presence 
of small amounts of A-DNA implying the existence of a 
metastable mixure. This low humidity B state is stable for 
at least 2 d at 44% r.h. The lithium salt of his DNA gives 
a crystalline B pattern at lower r.h. (ref. 8) but no C pattern 
has been observed with the lithium salt. Experiments with 
the magnesium salt of CI. perfringens DNA (Mg-DNA) give 
a pattern at lower humidities which resembles those of 
C states in the intensity distribution on the lower layer 
lines but in which the ninth layer line, which has been 
related to a slight base tilting, is much weaker than in the 
C patterns. Thus Cl. perfringens DNA can adopt at least five 
different forms at the same water content. 

It was accidentally observed that the sodium salt of 
calf thymus DNA (Na-DNA) gave a C pattern (S.B. and P. 
Tougard, unpublished) which was almost identical to the 
published lithium salt C diagrams (see Fig. 3). Subsequent 
experiments with a variety of pulling conditions and salt 
contents failed to give C patterns. It was then found, how- 
ever, that calf thymus DNA dried at 37° C (between 30 
and 66% r.h.) usually gives a C pattern. This state is 
metastable at 66% r.h. and ‘decays’ into the A form after 
about a day. An immediate C to A transition occurs at 
lower r.h. if a C-DNA fibre is cut loose at one end from 
its support. This rapid transformation is accompanied by 
a 30% contraction in fibre length. Calf thymus DNA can 
also give very crystalline B patterns at 30-66% r.h. when 
dried at 37° C. For calf thymus DN®A, it seems that high 
salt conditions favour the metastable B state, whereas at 
salt contents less than about 3%, C structures seem to prê- 
dominate. 

Stable states are produced by several agents which are 
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known to block the B to A transitions. The result is that 
at lower humidity new conformations are adopted, all of 
which are more highly wound than the A state. One agent 
known to block B to A transition is the lithium ion. The A 
form has never been observed with calf thymus Li-DNA 
(nor with Micrococcus luteus or Cl. perfringens DNA in 
this laboratory). Instead a C state is found at lower r.h. 
(ref. 10). Calf thymus Mg-DNA also does not exist in the A 
form but instead adopts a C configuration at lower r.h. (ref. 
11); and in mixtures of sodium and magnesium salts, the 
relative amount of A-DNA we observed was far less than the 
Na*/Mg’** ratio. When glucose residues are present, as in 
phage T2 DNA, or with nonintercalating acridine orange or 
proflavin, instead of the A form a structure having eight or 
nine base pairs per turn exists at r.h. less than 80% (refs 
12, 13). In fact, the fibre patterns shown by T2 DNA at low 
r.h. (ref. 12) are very similar to those of our P form. In 
chromatin the A form has never been detected and experi- 
ments in this laboratory show that small amounts of 
histone protein also inhibit the B to A transition in fibres. 
Thus, even if the requirement for crystallinity were not 
sufficient to prevent an A transition in vivo, these blocking 
agents, some of which are quite common in the cell, would 
strongly inhibit it. 





Fig. 3 A sodium C pattern from calf thymus DNA at 
44°, r.h. having a layer line separation of 31 A. The fibre 
was dried on a fixed support at 37° C and over 44% r.h. 


On the other hand, A-DNA, the only state which is 
invariant with base composition, might provide the best 
substrate for both RNA and DNA polymerases. Yet our 
results strongly imply that the A.form of DNA can exist 
in vivo only when hybridised with RNA, for here DNA is 
forced to adopt the A configuration’. It may be that 
RNA or ribonucleotides play the role of a catalyst in 
transcription and replication by driving DNA to the A- 
state. 

We thank Dr F. H. C. Crick for his helpful comments 
on the manuscript. This work was supported by grants 
from CNRS and DGRST. 
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RNA synthesis specific for an integrated 
adenovirus genome during the cell cycle 


WHEN adenovirus transforms a cultured mammalian cell, 
substantial portions of the viral genome can be integrated 
into the host cell chromosomes and at least a fraction of this 
integrated genome is transcribed’. Approximately 50% of 
the early sequences observed in the lytic infections are 
synthesised in the transformed cell’. In randomly growing 
transformed rat embryo cells, the virus transcripts in the 
nucleus are in the large molecular weight, heterogeneous 
RNA covalently linked to cellular RNA®*. These transcripts 
are apparently processed before they appear on cytoplasmic 
polyribosomes”. To date, there has been little evidence con- 
cerning the synthesis and post-transcriptional modifications 
of viral transcripts during the cell cycle in the transformed 
cells. The first question to be asked is, is there continuous 
synthesis of viral transcripts from at least some portion 
of the integrated genome, or is synthesis limited to 
one phase of the cell cycle? We have investigated 
this question in synchronised rat embryo cells transformed 
with adenovirus type 2 (Ad2-T)’. The synthesis of viral RNA 
transcripts was correlated with the life cycle of the cell 
which can be defined as consisting of a period of DNA 
synthesis (S phase) followed by a period of growth before 
mitosis (G), mitosis (M), and another growth period follow- 
ing division prior to DNA synthesis (G,). Our data indicate 
that virus-specific RNA was transcribed throughout the cell 
cycle along with cellular RNA synthesis. Viral RNA trans- 
cription was restricted during mitosis coincident with the 
restriction of cellular RNA synthesis. 

All experiments were performed with a cloned population’ 
which demonstrated levels of T antigen and synthesis of 
virus-specific RNA at least equivalent to those of the un- 
cloned population. Cells were maintained in spinner cultures 
in Eagle’s MEM (without calcium) enriched with 5% dia- 
lysed calf serum and 1% foetal bovine serum. 

Cultures were synchronised in S phase by exposure to 
thymidine. Incorporation of “C-thymidine into acid-precipit- 
able material began immediately after release from a double 
thymidine blockade (Fig. D. Incorporation reached a 
maximum at about 3 h and then declined during the 4-6 h 
after synchronisation. Autoradiography revealed that 85% 
of the cells were synthesising DNA during the period J-S h 
following resuspension as opposed to 22% at 7-H h. 
Approximately 90% of the culture passed through mitosis 
during a 4 h interval beginning at about 6 h after synchroni- 
sation. If the cells were released in the presence of colcemid, 
between 60 to 70°% of cells accumulated in metaphase by 
about 10 h and an additional 20 to 30% seemed to be 
arrested in prophase. 

Synthesis of cellular and viral RNA was compared in a 
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population of cells progressing from S phase, through G: 
and into metaphase (Fig. 2). Aliquots of cells were exposed 
to “H-uridine for | h intervals during this period. RNA 
was prepared from whole cells” and analysed for total radio- 
active incorporation and for incorporation into virus- 
specific material using the low temperature DNA-RNA 
hybridisation procedure in the presence of 7.5 M urea’. 
Figure 2a illustrates that viral RNA synthesis corresponds 
to total cellular RNA synthesis. Incorporation of uridine 
into both viral and cellular RNA increased following release 
from thymidine, reached a maximum in S and steadily 
declined as the population proceeded through G.» into 


metaphase-arrest. 


The extent of restriction of viral RNA synthesis during 
mitosis was determined using metaphase-arrested cells col- 
lected from albumin density gradients as described in the 
legend of Table |. Interphase cells, subjected to the same 
manipulative procedures, were added to the metaphase cells 
to form populations of defined content. These mixtures were 
incubated at 37° C with *H-uridine for 1 h and the total 
cellular RNA was prepared as described (Fig. 2). Incorpora- 
tion into virus-specific RNA decreased linearly with increas- 
ing proportion of metaphase cells and approached zero. 
This decrease paralleled that of total cellular RNA synthesis 
suggesting that synthesis of both species is restricted to the 
same extent during metaphase. 

Since the G: period is short and is not clearly defined 
following thymidine synchronisation (Fig. 1), it could be 
argued that viral RNA was synthesised primarily during S 
and that restriction during G: was masked by the entry of 
cells into mitosis. The nearly complete restriction of viral 
RNA synthesis during metaphase made a more precise 
examination of the G; phase possible. A culture was syn- 
chronised with thymidine, and colcemid was added at the 


“ime of release from the second blockade (Table D. The 


culture was divided into three aliquots which were con-- 
tinuously exposed to “H-uridine for 6. 4. and 2 h before 
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collection of metaphase cells. The advantage of this approach 
is that by isolating metaphase cells, the incorporation during 
a given labelling period represents synthesis for a maximum 
of that time before mitosis. For example, cells incorporating 
radioactivity in the 2 h interval immediately preceding the 
collection of metaphase-arrested cells should represent syn- 
thesis by a fairly homogeneous population of cells in Gs. 
As expected metaphase cells collected from the population 
exposed to radioactivity for 6 and 4 h contained significant 
amounts of labelled virus-specific RNA. A lower level of 
incorporation was found in the third population labelled 
for 2 h. This latter result clearly indicates synthesis of viral 
RNA during G». 

Between 6 and 10 h after thymidine synchronisation, the 
population of cells passed from G», through mitosis into G, 
(Fig. 1). No evidence of DNA synthesis was observed in this 
population until 9 h later. Aliquots of cells were exposed to 
“H-uridine for | h intervals beginning 8 h after synchronisa- 
tion in S phase and RNA was prepared as previously de- 
scribed (Fig. 2b). There was minimal incorporation of uridine 
into both cellular and viral RNA coincident with the time 
of mitosis. Incorporation then rose to fairly constant levels 
as the population progressed into G;. Viral RNA synthesis 
seems to follow the resumption of cellular synthesis follow- 
ing mitosis. There is a steady decay in synchrony as the 
population progresses from S phase to G:. The following 
techniques to initiate synchrony in G, were surveyed but 
proved unsuccessful: selective detachment of mitotic cells”, 
release from density growth inhibition", serum deprivation”, 
and isoleucine deletion". 

We conclude that at least some virus-specific RNA was 
synthesised at all times during the cell cycle except mitosis. 
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Fig. 2 Cellular and viral RNA synthesis following thymi- 
dine blockade, Ad2-T cells were used directly as S phase 
cells following thymidine synchronisation, At the indicated 
times 4 x 10’ cells were suspended in 4.0 ml of complete 
medium at 37° C containing 200 „Ci of *H-uridine (specific 
activity 720 Cr mmol-', New England Nuclear, Boston, 
Massachusetts). After incubation for 1 h, cells were washed, 
resuspended in STE (0.05 M Tris-HCl, pH 7.4, 0.001 M 
EDTA: 0.1 M NaCl) containing 1°, sodium dodecyl sulphate 
(SDS) and 1°. mercaptoethanol, and extracted three times 
af room temperature with phenol saturated with 20%, STE. 
Nucleic acid was precipitated for 16 h at —20° C with 0.15 
M NaCl and 2.5 volumes ethanol. The precipitate was sus- 
pended in 1.0 ml HSB (0.01 M Tris-HCI pH 7.4, 0.5 M NaCl 
and 0.05 M MgCl. digested with 100 pg DNase I at room 
temperature for 30 min, and the RNA reprecipitated, RNA 
was dissolved in 2 x SSC and the CLCCOOH insoluble 
radioactivity and virus-specific radioactivity determined. 
DNA-RNA hybridisation was carried out in a solution of 
2 x SSC containing 7.5 M urea, 10°? M Tes (N-rris (hydro- 
xymethyl) methyl-2-aminoethane sulphonic acid) buffer. pH 
7.0, and 0.05", SDS. Equal aliquots of individual samples 
were incubated with nitrocellulose filters containing 8 ug of 
alkali denatured adenovirus 2 DNA and blank filters at 37° 
C for 4d. Pancreatic RNase resistant radioactivity was de- 
termined, Wirus-specific RNA was corrected for recovery | 
from phenol extraction and for nonspecific binding using 
the amount of radioactivity bound to Mters not containing 
adenovirus DNA. This represented 20-25%, of the specific 


binding. a, Coleemid (0.025 pe mi>’) was added at the begin- e 


ning of S phase: >. coleemid was not added allowing the 
cells to pass through mitosis into G;. ©. Virus-specific radio- 
activity; O, total radioactivity: A, %, metaphase cells, 
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Table 1} Extent of viral RNA synthesis in G; 
Interval before Cell cycle Toial Hybridisable 
metaphase (h) stage cpm. x 10° c.p.m. 
6 S- G; 3.87 545 
4 late $S + G, 1.62 228 
2 G, 0.77 178 
Colcemid 
2nd thymidine blockade (14h) | Release (10 h) | 
f PENEI LPR IEE EIE E NTEN ESE ee ree EEES EIN TEA SEN Nac N E A NENEA AE E EET, te nine nm iin AEEA SEENE ALE E EE E E E 
S G, M 
iieii a pai r anasan teen ete iS 
2h 
pensee 
4h 
j EERROR E A NAAE A on 
6h 
| PEPE Shasta POPPEA E PESAR EE EIEEE AAS ike EE | 


The diagram below the table outlines the experiment as 
described in the text. RNA was extracted and assayed as 
described in Fig. 2 from metaphase arrested cells. At the 
end of each incubation period 4 x 10° cells with approxi- 
mately 60-70", in metaphase arrest were mixed with bovine 
albumin resulting in a final concentration of 30%. Gradients 
were formed by successive addition of 1 ml each of the cell 
mixture, 23%., 20°, and 17°, albumin and 0.5 ml of 10% 
albumin at the top and were centrifuged in a Spinco SW65 
rotor at 17,500 r.p.m. for 45 min at 5° C.2 x 10° —3 x 10° 
cells with a metaphase index of 95-97%, were recovered 
from the 17-10%, interphase of two gradients. 
During mitosis, the synthesis of viral RNA seemed to be 
restricted to the same extent as cellular RNA. These data 
permit the generalisation that the transformed state can be 
correlated with continuous functioning throughout inter- 
phase of at least some portions of the integrated genome. 
This result is in sharp contrast to that observed with H and 
L chain biosynthesis’, induction of tyrosine amino trans- 
ferase’’, and synthesis of histone mRNA", in cultured mam- 
malian cells, none of which is continuous throughout 
interphase. The relative composition of the RNA transcripts 
synthesised in each phase must be explored. This analysis 
seems particularly important, since individual clones of 
Ad2-T have incorporated not only different portions of the 
adenovirus genome but also different proportional amounts 
of the same fragment (J. Sambrook, personal communica- 
tion). Comparison of the RNA synthesised during the same 
phase of the cell cycle in different clones may provide 
information about the site of integration of the viral genome, 
especially if sufficient quantities of virus-specific RNA can 
be obtained for limited structural analysis. Of equal im- 
portance is the post-transcriptional processing in each phase. 
We are at present examining whether there is continuous 
export or selective exit of particular viral transcripts at 
unique times in the cell cycle. Further investigation with 
clones containing defined adenovirus segments, when syn- 
chronised, should provide useful information concerning 
both the maintenance of the transformed state and the 
expression of the host cell genome. 
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the United States Public Health Service. S. E. T. and 
P. M. M. were Postdoctoral trainees and L. D. H. is a 
recipient of United States Public Health Service Research 
Career Development Award from the National Institutes 
of General Medical Sciences. 
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Isolation of surface immunoglobulins from 
lymphocytes from chicken thymus and bursa 


ALTHOUGH the chicken is more closely related to dinosaurs and 
crocodiles than to the mouse’, the clear-cut demarcation between 
thymus-derived (T) and bursa-derived (B) lymphocytes in this 
bird?" offers an excellent system for study of the two lympho- 
cyte types. B cells have been demonstrated to possess surface 
immunoglobulin® , while T cells have not, although it has been 
established that light chains at least are expressed on specifically 
activated chicken T cells®. So far, however, intact polypeptide 
chains have not been demonstrated on T and B cells. We now 
describe the isolation and partial characterisation of surface 
immunoglobulins of chicken B and T lymphocytes. We have 
evidence that both lymphocyte types have surface immuno- 
globulins consisting of light chains, u chains and a heavy chain of 
molecular weight 40,000. 

Lymphocyte suspensions were prepared from thymuses, 
bursas and spleens of normal chickens (outbred white leghorn— 


thymuses and spleens of hormonally bursectomised’ chickens 
(Table 1). The cell populations were greater than 95° viable and 
consisted predominantly of lymphocytes (bursa and thymus, 
approximately 95°: spleen approximately 80°). These 
suspensions were surface-radioiodinated as previously de- 
scribed (refs 8 and 9 and Table | and Figure legends); 1l- 
labelled surface proteins were extracted by various methods as 
described in the legend to Table 1, and immunoglobulin was 
isolated by specific immunological precipitation using antiserum 
to chicken 78 immunoglobulin dUgY) which possessed activity 
directed against light chains and the y (Y) heavy chain. 

As Table I shows, >F counts were specifically precipitated 
from labelled surface protein preparations obtained from thy- 
mic, bursa and splenic lymphocytes. In one case where thymus 
cells of neonatal chickens (day l) were extracted with 1° 
Nonidet P-40, 6 M urea (apparent pH 7.2) no significant t°] 
counts were precipitated by antiserum to chicken imnfuno- 
globulin. Because the other thymus lymphocyte preparations 
contained specifically precipitable immunoglobulin, we believe 
that the negative result represents a technical problem which 
arises from the release of proteolytic enzymes during the lysis of 
whole cells with the detergent urea mixture (D. Haustein and 
J. J. M., unpublished observations). Between 1.5 and 3.5° of 
™5T-iodide counts in high molecular weight cell surface protein 
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Fig. 1 Analysis by polyacrylamide gel electrophoresis in SDS- 
containing buffer of reduced !*I-labelled surface immunoglobulins 
of chicken bursa lymphocytes. Sample is adult bursa, experiment 

1, Table 1. @, Specifically precipitated immunoglobulin (RAF YG 

+ GARG): <>. control precipitate (NRS + GARG). p, yand L 

indicate the positions at which human pu chain, y chain and 

light chains migrated in this 9% gel. 
of bursal lymphocytes were precipitated as immunoglobulin. 
Corresponding results for thymus lymphocyte populations 
varied from 1.0 to 2.4°4 under these conditions. 

Although these results show that surface immunoglobulin can 
be isolated from chicken lymphocytes, they tell nothing about 
the class of such immunoglobulins because the antiserum used 
possessed activity for light chains. To investigate this problem 
we dissolved the precipitates in 3° sodium dodecyl! sulphate 
(pH 6.8) containing 10% glycerol, 6M urea and 2%, mercapto- 
ethanol to cleave interchain disulphide bonds, and resolved 
heavy and light polypeptide chains by electrophoresis in 9% 
(w/v) polyacrylamide gels under conditions described by 
Laemmli’, Figures | and 2 illustrate the polypeptide chain 
distribution patterns for adult (3 months) bursal lymphocytes 
(Fig. 1) and neonatal thymus thymocytes (Fig. 2). These 
patterns are representative of all experiments. In both cases 
illustrated, components with mobilities characteristic of yu 
chains and light chains were resolved. Each pattern also con- 
tained a component with a relative mobility of approximately 
0.5 which corresponded to a molecular weight of about 40,000 
in terms of the standard proteins used. High molecular weight 
aggregate which did not enter the gel was also present in all 
chicken samples analysed. No definite components resembling 
the chicken y CY) chain (molecular weight 65,000; ref. 11) were 
found in any preparations. 
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Fig 2 Analysis by polyacrylamide gel electrophoresis in SDS- 
containing buffer of reduced '*I-labelled surface immuno- 
globulins on neonataf thymus lymphocytes (experiment IV, 
Table |. turnover sample). @, Specifically precipitated sample 
e(FyG RAF YG): *. control, precipitate (M7G RAM YG). 
u. u chain (chicken): y CY) chicken y CY) heavy chain, y, human 
y chain: ALD, aldolase: L, light chain (chicken). 9°, polyacryl- 
amide, 
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Table 1 Isolation of +” I-labelled surface immunoglobulin from chicken lymphocytes 





(1*5]-jodide in precipitate) % Initial counts (high — 








Experiment Cell source Extraction Specific system Control system Difference mol. wt protein in ! 
procedure sample) precipitated as ©) 
i Bursa Turnover 12,600 + 700(a) 3,600 + 100 (b) 9600 L5 
(adult) 
li Bursa Turnover 15,000 + 940 (c) 2,400 -- 90 (d) 12,600 3.5 
(neonatal) 
{il Bursa Turnover 9,600 + 600 (c) 1,200 + 50 (/) 8,400 te 
(neonatal) 
Acid-urea 4,800 + 350 (c) 1,200 + 80 (d) 3,600 3.20% 
IV Thymus Turnover 8,300 4- 700 (c) 2,800 + 30 (d) 5,500 2.4 
(neonatal) 
Nonidet P-40 11,700 + 1,300 (c) 4,100 +- 300 íd) 7,600 0.6 
extract of pellet 
Yy Thymus Nonidet P-40 1,800 + 200 (c) 1,500 +- 80 (7d) N.S. —_ 
(bursectomised) urea 
VI Thymus Acid-urea 3,900 +° 300 (c) 900 + 70 (d) 3,000 1.0 — 
(bursectomised) | 
Spleen Acid-urea 2,500 + 130 (c) 300 + 20 (d) 2,200 0.7 
(bursectomised) 
Thymus Acid-urea 5,900 + 120 (ce) 2,000 +- 40 (d) 3,900 1.3 
(normal) l 
Spleen Acid-urea 1,100 + 40 (¢) 400 + 30 (d) 700 0.5 
(normal) 
Bursa Acid-urea i2,600 + 400 (c) 4,900 + 130 (d) 7,700 25 
(normal) 









Chicken lymphocytes were radioiodinated as follows. To 10° lymphocytes in 50 pl phosphate buffered saline (0.02 M phosphate; 0.15 M NaCl, 
pH 7.2) containing 20 pg lactoperoxidase (either prepared by the method of Morrison and Hultquist®* or purchased from J. L. B. Laboratories 
Granada Hills, California) were added 4 pl (approximately 300 u Ci) carrier-free }41-iodide (Radiochemical Centre, Amersham). The reaction: 
was initiated by addition of 10 yl of 0.03%; H:O; followed by mixing. The cells were incubated at 30°C for 5 min, after which the reaction was- 
stopped by addition of large volumes of chilled phosphate buffered saline (PBS). Cells were washed twice at 4° C by centrifugation before lysis. 
or metabolic release. Uptake of !*5l-iodide ranged from 10-20% of the initial amount. Between 5 and 10°% of this cell-associated value was high. 
molecular weight as judged by dialysis or trichloroacetic acid precipitation. Metabolic release (turnover) of surface immunoglobulins of labelled 
cells was achieved as before®*. For extraction with Nonidet P-40 cells were incubated in 0.5% Nonidet P-40 in PBS at a concentration of 107. 
cells ml for 15 min at room temperature. Nuclei and insoluble particulate matter were removed by centrifugation. Acid-urea extraction was. 
performed as described elsewhere*. In extraction with Nonidet P-40 urea, the cells were dissolved in 1% Nonidet P-40--6M urea; otherwise -> 
the conditions were as described above. All samples were dialysed against 0.15 M NaCl buffered to pH 8.0 with Tris-HCl before immunological — 
analysis. Coprecipitated samples were washed three or four times. Data given here refer to 1™*] counts (means =: s.e. of at least four replicates) = 
associated with specific or control precipitates. Precipitation systems were (a) rabbit antiserum to chicken IgG (Y) immunoglobulin (contains: 
specificity for light chains and y (Y) chains) plus goat antiserum to rabbit IgG (Commonwealth Serum Laboratories, Melbourne): (b) normal 
rabbit serum plus goat antiserum to rabbit IgG; (c) carrier chicken Igu (Y) plus rabbit antiserum to chicken Igu (Y), and (d) mouse IgG plus” 
rabbit antiserum to mouse IgG. All systerns were calibrated to precipitate more than 90°% of their homologous antigen. Data given represent: 

counts from 2-5 x 10° lymphocytes. x 


A significant finding was the release of IgM by turnover from lymphocyte surface immunoglobulin’. Ladoulis ef al? 


thymuses of newly hatched chickens. In these chickens the only 
existing immunoglobulin is maternal IgG (CY) released from the 
yolk, and there is no detectable IgM in the serum!*. A second 
significant finding was that chicken bursa lymphocytes express 
surface immunoglobulin polypeptide light chains, u chains and a 
component of molecular weight 40,000. It is not surprising to 
find light chains and p chains because several workers using 
methods similar to ours isolated IgM immunoglobulin from 
human $}? and murine! B lymphocytes. The 40,000 molecular 
weight component was unexpected, but is consistent with the 
report that chicken B lymphocytes synthesise and apparently 
express on their surfaces a component of similar size which is 
antigenically related to u chain'® and termed H, chain. A heavy 
chain of this size is interesting from an evolutionary viewpoint 
because the major immunoglobulin class in certain reptiles!’ 
and birds!” contains a heavy chain of mass approximately 40,000 


daltons. This heavy chain has been termed the nu chain'*. —. 
Although such a component is not readily detectable in chicken . 


serum, It might constitute an important surface-associated 
receptor molecule in this species. We do not believe that this 
surface-associated heavy chain ts a degradation product of u 
chain because of the biosynthetic results of Choi and Good,’ 
and because the molecule has been obtained under conditions 
where we have not observed proteolysis in studies of mammalian 


reported immunoglobulins of molecular weight 200,000 and: 
130,000 on the plasma membranes of rat thymus and spleen | 
lymphocytes. The chicken surface immunoglobulins tended to. - 
aggregate and we could not estimate intact molecular weights. ae 
If they consist of L,H, units analogous to surface immuno- i. 
globulins of man'* 5-9 and mouse!4:!® 2°. they should have 
molecular weights of about 185,000 and 125,000. 

Our finding of immunoglobulins consisting of and light 
chains on chicken T cells is consistent with similar studies of 
mammalian T cells!*?9-?!_ Biosynthesis has demonstrated 
immunoglobulin in thymocyte populations of normal chickens”? 
and Theis and Thorbecke® inhibited specific delayed type hyper- 
sensitivity reactions in bursectomised chickens by antisera to 
immunoglobulin, concluding that chicken T lymphocytes have ~ 
at least light chain antigenic determinants on their surfaces. We = 
have now established that such cells also express u chains and a 
chaia similar to the H, heavy chain described by Choi and 
Good'*, Because our method gives a bulk average, it is not _ 
possible to decide whether u chain and H, chain occur on the = 
same T or B lymphocytes. oS 

The existence of IgM on the surface of mammalian T cells has 
been confirmed independently in several laboratories*t 2*8, The 
presence of IgM on the thymocytes from newly hatched chickens 
which lack detectable circulating IgM, makes it improbable that 












iis immunoglobulin has been adsorbed from the serum. 
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Effect of T cell depletion 
on the potentiated reagin response 


In the rat, infection with helminth parasites can have the 

= remarkable effect of causing nonspecific potentiation of 

IgE (reaginic) antibody responses against antigens un- 

> -related to those of the parasite. This phenomenon, which 
has been called the potentiated reagin response’, has been 
found to encompass IgE responses to antigens as diverse 
as egg albumin, keyhole limpet haemocyanin and house 
dust” and has been produced with representatives of both 
nematode and trematode parasites’. 

The potentiated reagin response is but one manifestation 
of the potent IgE stimulating effect’ of helminths. Infections 
with these parasites also induce high levels of reaginic 
antibody specific for parasite derived antigens, and at least 
in man, cause greatly elevated levels of total serum IgE. 
Parasite-specific reagins which were first described in in- 
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fections of the rat with Nippostrongylus brasiliensis and 
the rat and monkey with Schistosoma mansoni have been 
demonstrated in various host—parasite systems in many 
species including man*”’. 

The potentiated reagin response provided a basis for 
experimental investigation of the mechanism of IgE stimu- 
lation in helminth infections. It is known that parasitic 
infection can only amplify an already existing IgE res- 
ponse: in the rat this must be induced before infection by 
inoculation of the antigen together with a conventional 
adjuvant". IgE responses against different antigens may 
be simultaneously potentiated? while IgG responses remain 
largely unaffected". The indications from these results 
are that live worms produce a factor which has the 
capacity to stimulate those immunocytes previously pro- 
grammed for IgE production. 

To find out whether this factor acts directly on IgE- 
producing B cells or whether its effect is produced through 
T cells, we examined the effect of T cell depletion and show 
here that this prevents potentiation of reagin responses in 
rats infected with the nematode N. brasiliensis. 

Outbred female Hooded Lister rats (Animal Suppliers 
(London) Ltd), were used. Thymus deprived (B) rats 
were prepared by thymectomy at 4 weeks of age, followed 
by 850 rad whole body irradiation 2-4 weeks later. During 
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Normal 
control rats 


Irradiated 
control rats 


B rats 


Fig. 1 Mean EA reaginic antibody levels 4 d before (__ 
I4 d after (BE) N. brasiliensis infection. Eighteen B rats, I0 normal 
control rats and 8 irgadiated control rats were immunised with 
| mg EA (58 d after thymectomy: 38 d after irradiation). Of 
these 9 B rats, 10 normal rats and 6 irradiated rats produced 


* an EA IgE response and were infected with N. brasiliensis 28 d 


after immunisation. The means and standard errors shown above 
were calculated using logarithmically transformed antibody 
titres. 
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Fig. 2 Prolonged egg output in B rats (©) infected with N. 
brasiliensis compare with infected normal! rats (@). Groups of 
10 B rats and 5 normal rats were killed 19 d after infection when 
mean worm burdens in the small intestine were found to be 
618 = 255 (s.e.) for the B rats and 3 + 2 (s.e.) for the normal 
controls. Of these animals 5 B rats and 5 normal rats had 
detectable circulating N. brasiliensis reagins and the mean 
levels (+ s.e.) are shown above. 


irradiation the distal parts of both hind limbs were shielded 
to allow auto-repopulation by bone marrow cells. This 
technique’ has been shown to produce animals whose 
T deficiency resembles that of thymectomised animals pre- 
pared by irradiation and reconstitution with bone marrow 
cells. The animals were immunised 1-2 months later by 
intraperitoneal inoculation of 1 mg of either egg albumin 
(EA) (Sigma grade 5) or keyhole limpet haemocyanin 
(KLH) (Cal Biochem A grade) together with 10 Borterella 
pertussis organisms (Wellcome Biological Reagents). At 
appropriate times after immunisation, the animals were 
bled from the tail vein and IgE antibody levels were de- 
termined by titration of individual sera by the passive 
cutaneous anaphylaxis (PCA) technique’. The IgE-pro- 
ducing B rats together with IgE-producing normal rats 
were then infected by subcutaneous inoculation of 4,000 
N. brasiliensis larvae and were bled for antibody estima- 
tions 12-14 d later when the potentiated reagin response 
normally reaches its peak. 

Table | shows the results of one such experiment 
involving groups of B and normal rats immunised with 
either EA or KLH. It can be seen from the individual 
titres that whereas reagin responses were markedly poten- 
tiated in eight out of ten normal animals a significantly 
raised response occurred in only one of ten B rats. This 
latter animal is in fact the only B rat in which potentiation 
has occurred in four experiments. 

Figure I shows the results of another similar experiment 
which included an additional control group of rats which 
had been irradiated without previous thymectomy. Again 
it is clear that the parasitic infection did not have any 
significant effect on the levels of EA reaginic antibody 
in B rats whereas the response of the normal animals was 
substantially raised. The results also show that the process 
of irradiation does not in itself interfere with the ability to 
form potentiated reagin responses. Two other experiments 
were performed which gave consistgnt results. 

In these experiments we also studied some parameters 
of the immune response to the parasite itself since T-cell 
deficiency has been described as depressing immune res- 
ponses in parasitic infections". In normal adult rats, 


















































Table 1 Effect of N. brasiliensis* infection on egg albumin E 
keyhole limpet haemocyacin (KLH) IgE responses in norm 
thymus deprived (B). rats. 


PCA titres 4 d before and 12 d 
after infections | | 





B rats 
Before After 
infection eee 

4 16 
EA reagin 8 2 
responses 16 16 

8 512 

16 64 

8 l 
KLH reagin 8 2 8 
responses 8 8 128 

8 16 4 


The Hooded Lister strain of rats which we use normally p 
good IgE response on immunisation with doses of EA as lov 
(ref. 18). Preliminary experiments with B rats showed that thes 
not have an IgE response following doses of 10 pg EA- 
33-50% did so following doeses of 1 mg EA. The ability too 
effects of T cell deficiency by increasing the antigen. dos 
reported in other systems?™*, In this experiment, 27 B 
divided into groups of 15 and 13 and the animals of each 
immunised with | mg EA or KLH respectively (44 dafter th 
30 d after irradiation). Groups of normal rats were simi 
munised, Five animals in each of the B groups developed a 
antibody response and they, together with a similar num 
normal control animals, were infected with N. brasiliensis 26 d 
immunisation. zon 
* The method of culture of N. brasiliensis and preparation o o : 
infective larval dose have been previously described ??:??, : 
+ To estimate reaginic antibodies by the PCA technique 0. 
quantities of saline dilutions of the test sera were injected 
ally in Hooded Lister recipient rats, each injection being di 
on a different animal. 48-72 h later the animals were inj 
travenously with 2.5 mg of either EA or KLH together wit 
of 1° Evans blue which acts as an indicator of vasodilat 
skin reactions were examined after 20 min and the titres re 
above are the greatest dilutions of serum which gave reactions large 
than 5 mm in diameter. ae 


primary infection with N. brasiliensis is followed 10-12 
later by an immunological expulsion of worms from 
small intestine. This so called ‘self-cure’ reaction procee 
exponentially over several days and is preceded by- 
in egg production by the parasite. Reaginic antibod. 
specific for N. brasiliensis appear during or shortly 
worm expulsion and rise to reach high circulating lev 
These manifestations of parasitic immunity were foun: 
be markedly depressed in the B rats in our experime ts 
Egg production continued for a longer period than in- the 
control animals, the expulsion rate of worms was decrease: 
and the parasite specific IgE response was depressed OF 
undetectable (Fig. 2). ee 

Although it seems clear that T cells are involved in the | 
potentiation of existing IgE responses by N. brasiliensis _ 
infection, their mode of action is still conjectural. Other 
workers using hapten-carrier immunisations have shown 
that carrier-specific T cells are heavily involved both as 
helpers“ =" and suppressors!" of B cells in anti-hapten _ 
IgE responses of rats and mice. In these situations, the T __ 
cell effect is antigen specific. The potentiated reagin res- 
ponse on the other hand is a nonspecific event and any _ 
theories about its mechanism must accommodate this 
element of nonspecificity as well as the requirement for 
T aells and the fact that it is only, or largely, IgE responses 
which are affected. T cells are known to produce a variety 
of soluble factors which can affect both cell-mediated and: 
humoral immunity and it would seem most likely that i 
is through such factors that they exert their role. in. 
potentiated reagin response. 

Assuming that T cells exert a helper effect, potentiation. $ 
could be brought about in one of two ways. In the first, 
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the parasite-derived potentiating factor activates a popu- 
lation of T cells to produce a substance which is capable 
of selectively stimulating IgE B cells regardless of their 
antigenic specificity. In the second, the parasitic factor 
activates T cells so that those which have preordained IgE 
helper functions (induced by previous immunisation) are 
driven to perform them. In the latter mechanism, the T 
cell effects on the B cell is antigen specific. It is equally 
possible that the potentiation of reagins is the result of 
release of B cells from the inhibiting effect of suppressor 
T cells but, in essence, the mechanisms outlined above 
would remain the same. 
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Cortisol induction of glycerol phosphate 
dehydrogenase in a rat brain tumour 
cell line 


HORMONAL regulation of enzyme levels in mammalian cells 
has been known for more than a decade’ and the use of 
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homogeneous populations of glucocorticoid target cells has 
advanced our understanding of the molecular mechanisms 
involved’. Using a specific antiserum we have now shown 
that cortisol induces glycerol phosphate dehydrogenase 
(GPDH, EC 1118) in a rat brain tumour cell line by in- 
creasing the number of GPDH molecules rather than by 
increasing the activity of each molecule. Also, the induc- 
tion does not involve isozymes since GPDH from induced 
and uninduced cells is identical with respect to immuno- 


logical titration, electrophoretic mobility and thermal 
sensitivity. 
6 


GPDH units inactivated 


bho 





0 0.4: 0.8 io 1.6 2.0 
Ab (ul) 


Fig. 1 Immunological titration of GPDH from control and 
cortisol-induced cells. Cells were grown in Ham's F-10 med- 
ium supplemented with 10°, foetal calf serum, in Falcon 
T-250 plastic flasks as described previously*”. Cortisol (when 
present) was added to a final concentration of 0.5 pg mic! 
for 3 d before collection. The cells were first washed twice 
with 3 mi volumes of 10 mM Na phosphate buffer, pH 7.5, 
containing 5 mM mercaptoethanol and | mM EDTA and 
then were collected in | ml of the same buffer using a rubber 
policeman to scrape the cells from the flask. After disruption 
by sonication cellular debris was removed by centrifugation 
for | h at 30.000 rpm. in a 30 rotor using a Beckman 
i.2-65-B ultracentrifuge. The supernatants from induced and 
uninduced cells were assayed for GPDH activity as described 
previously'* and the concentration of enzyme was equalised 
by concentrating the supernatant from uninduced cells using 
an Amicon ultrafiltration apparatus (PM30 membrane). 
Rabbit antiserum against purified rat brain GPDH was 
obtained as described previously’. The serum was initially 
diluted in 0.01 M phosphate buffer, pH 7.5 containing 1 mg 
of bovine serum albumin mi’, | mM EDTA and 5 mM 
mercaptoethanol and from this stock solution a series of 
dilutions of antiserum was made. A sample of 0.2 ml of each 
of the dilutions was added to tubes in triplicate. The high 
speed suvernatant from induced and uninduced cells was 
used as the source of GPDH and a constant amount (0.1 ml, 
200 U mi“ was added to each tube. After incubation at 
37° C for 30 min an aliquot was removed and remaining 
GPDH activity was determined. Incubation overnight at 
4° C did not result in further inactivation of GPDH and 
since the antibody-GPDH complex was enzymatically in- 
active it was not necgssary to centrifuge the samples. The 
amount of enzyme remaining after incubation with antiserum 
was subtracted from that present in the abence of antiserum 
eand the results were plotted as the number of units of 
enzyme removed against the microlitres of antiserum present. 
O, GPDH from uninduced cells: @, GPDH from cortisol 
induced cells, 
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The increase in the level of brain GPDH during the 
development of the rat is regulated specifically by cortisol’. 
This hormonal dependence has also been demonstrated in 
primary cultures of brain cells’ and in RGC6 (C6) cells®, a 
line of rat glial tumour cells’. The addition of cortisol or 
other glucocorticoids’* to confluent C6 cells increases 
GPDH activity three-fold within 24 h and up to ten-fold 
over 5 d. This induction requires RNA synthesis, protein 
synthesis and the continual presence of cortisol”, 

Simple explanations for this increased activity—-a direct 
effect of cortisol in the assay, increased overall protein 
synthesis and the presence of diffusible inhibitors or acti- 
vators—have been ruled out’. We have investigated which 
of the alternative mechanisms is responsible for cortisol- 
dependent increase in GPDH in C6 cells. An increase in 
enzyme specific activity can occur if the catalytic activity 
of each molecule increases’ or if the number of molecules 
increases’”*'*. These mechanisms are not mutually exclu- 
sive nor are they comprehensively explanatory since each 
could be achieved by various changes in the regulatory 
machinery of the cell. 

Using rabbit antiserum directed against rat brain GPDH, 





Fig. 2 Electrophoresis of GPDH from C6 cells (clone 
2B-13). The cells were grown and collected as described 
in Fig L Electrophoresis was by the method of Davis'* and 
the gels were stained for GPDH® activity as described 
previously '*. Fach gel contained a total of 20 U of GPDH, 
Where | U of activity is equal to the amount of enzyme 
which oxidises | nmol of NADH nyn! under the conditions 
of the assay, Supernatants were from induced cells (a), 
umnduced and induced cells (b) and uninduced cells (c). 
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Fig. 3 Heat inactivation of GPDH from induced and 
uninduced cells. Cells were grown and collected as described 
in Fig. 1. Before concentration by ultrafiltration, the specific 
activities of GPDH in the high speed supernatants were 
45 U mg! of protein and 188 U mg? of protein, for un- 
induced and induced cells respectively. The concentrations of 
GPDH at the zero time points (100% activity) were 
207 U mg’ for the induced (O), 206 U mg~’ for the 
uninduced (4) and 214 U ml"! for the mixture (©) 
containing equal amounts of induced and uninduced enzyme 
activity. For clarity the data from the mixture are plotted 
using the ordinate on the right. Three sets of tubes (in 
duplicate) containing 200 wl of each of the enzyme solutions 
were incubated in a circulating water bath at 50.0+0.05° C 
for the indicated times. The tubes were sealed with parafilm 
to prevent evaporation. Immediately after removal from the 
bath, the samples were quickly cooled by swirling in an ice- 
salt slurry (—15° C) for 5 s and were then maintained at 
0° C until completion of the experiment. Aliquots from 
each tube were assayed as described * 


we have distinguished between the above mechanisms (Fig. 
1). If the induction represents an increased number of 
molecules then equal amounts of antiserum will be needed 
to inactivate the same number of GPDH units from either 
induced or uninduced cells. If the induction is due to an 
increased activity per molecule then the amount of anti- 
serum required to inactivate the same number of enzyme 
units from each source will be different. Figure 1 shows 
that equal amounts of enzyme are inactivated by equal 
amounts of antiserum. Therefore, the cortisol-dependent 
incvease in GPDH activity in C6 cells represents an increase 
in the number of enzyme molecules. 

The existence of more than one enzyme able to catalyse 
the same reaction hag been known for some time. GPDH 
isozymes have been isolated from tissues of various species 
and at least two forms of GPDH have been demonstrated 
in mouse brain’, while two distinct GPDH have been 
purified from rat brain'®. In addition, the basal level of 
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GPDH in C6 clones’® and in hybrids” is apparently regu- 
lated independently of the induced level of GPDH. Such 
data are consistent with the possibility that there is more 
than one structural gene for GPDH. 

Since two electrophoretically distinct forms of GPDH 
have been purified from rat brain’, we examined the 
mobility of GPDH by polyacrylamide gel electrophoresis as 
a test of the identity of GPDH in hormone-treated and 
untreated cells. Only one form of GPDH was found in 
induced (Fig. 2a) and uninduced (Fig. 2c) C6 cells. In 
addition, since only one band of enzyme activity was found 
when a mixture was run (Fig. 26), we conclude that the 
GPDH in induced cells is electrophoretically identical to 
that in uninduced cells. Identity by polyacrylamide gel 
electrophoresis is not definitive proof that the basal enzyme 
is identical to the induced form, but shows that one of 
them does not represent an oligomeric form of the other 
and that there is no net charge difference between them. 

Further confirmation of the identity of the induced and 
basal forms of GPDH was obtained from heat denaturation 
experiments. The ability of GPDH from control and treated 
cells to survive heating at 50° C (Fig. 3) showed that there 
was only one heat labile component in induced and un- 
induced cells. The single straight line obtained when 
supernatants from induced and uninduced cells are mixed 
and heated indicates that the GPDH from both sources is 
identical. These results, together with the electrophoretic 
and immunological data, argue against the possibility that 
the induction of GPDH activity in C6 cells involves the 
formation of an isozyme. The sensitivity of these pro- 
cedures in detecting isozymes has been discussed” and 
more recently similar techniques were used to demonstrate 
the absence of isozymes in tyrosine aminotransferase 
induction in hepatoma cells”, 

We are now investigating the mechanism(s) by which the 
number of GPDH molecules increases. Obviously an in- 
crease in the rate of synthesis’*'’ of the enzyme or a 
decrease in its rate of degradation™ or a combination of 
these could lead to an accumulation of GPDH molecules. 
The determination of the specific rates of synthesis and 
degradation will allow us to distinguish between these 
possibilities. 
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In vitro restoration of deficient 
B-galactosidase activity in liver of patients 
with Hurler and Hunter disease 


HunteR Ss and Hurler’s syndromes are recessively inherited 
errors of metabolism, in which accumulation of mucopoly- 
saccharides in tissues is accompanied by skeletal abnormali- 
ties and mental retardation. Patients suffering from these 
diseases show a strikingly reduced activity of 6-galactosiduse 
in the liver although this enzyme is not directly involved in 
the degradation of the glycosaminoglycans that accumulate 
in the tissues’~*. This enzyme reduction which is accom- 
panied by an abnormal isoenzyme pattern? can be under- 
stood as the result of complex formation between stored 
mucopolysaccharides and the -galactosidase enzyme. In- 
deed artificial mixtures of chondroitin sulphate and liver 
B-galactosidase show an isoenzyme profile quite analogous 
to that seen in Hurler’s and Hunter's diseases’, The iso- 
enzyme abnormality and the reduction in enzyme activity 
of such an artificial mixture can be neutralised by cetyl- 
pyridinium chioride (CPC), a quaternary base which is 
known to form complexes with mucopolysaccharides’, There- 
fore it seemed possible to restore the -galactosidase activity 
of the Hurler and Hunter patients. 

When increasing umounts of CPC were added to a liver 
homogenate from four patients with Hunters or Hurler’s 
syndromes a striking increase in f#-galactosiduse was seen, 
up to a CPC concentration of about 25 wg per meg liver (Fig. 
D. But with stil higher concentrations of CPC, enzyme 
activity was strongly reduced almost to nothing. The maxi- 
mum activation corresponded only to a partial restoration 
of the -galactosidase activity. This can be explained on the 
assumptions’: (1) that CPC dissociates the complex of muco- 
polysaccharides and -galactosidase with restoration of 
enzyme activity; and (2) that CPC itself is a strong inhibitor 
of free B-galactosidase (that is, without bound chondroitin 
sulphate). The latter statement is supported by the fact that 
in the homogenate of a normal liver, strong inhibition of 
the enzyme activity is seen (Fig, 1). 

In order to obviate the CPC drawback, I tried to dissociate 
the complex using other methods. Addition of albumin in 
acid medium seemed appropriate because of the possible 
precipitation of mucopolysacchurides with acidified solu- 
tions of albumin’. When increasing amounts of albumin 
were added to the homogenates of the patients’ liver, gB- 
galactosidase rose about five- to ten-fold, whereas in a norma! 
liver an activation of only 10%. was found. The restoration 
resulted in an essentially normal activity in the livers from 
two patients, while fon the two other patients a final activity 
of about 40", of the mean normal value was achieved (Fig. 
2). The highest restoration was found in the liver which had 
been stored for the shortest time. 

it seems unlikely that therapeutic applications can result 
from the data presented here. If the albumin concentration 
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Fig. 1 
chioride on -galactosidase activity in human liver homo- 


Influence of increasing amounts of cetylpyridinium 


genates of a, normal; $, Hunter; c-e, Hurler individuals. 
Autopsy material from: patient c had been stored at —20° C 
for 4 yr while the three other liver pieces were stored for 
7 yr. Liver homogenates (4, v/v) in distilled water were 
centrifuged after. sonicating for 60 s and five cycles of 
freezing and thawing. Increasing amounts of CPC in distilled 
water were added to the supernatant of each individual and 
B-galactosiduse activity was then measured as described’. 


of the jn vitro experiments reflect the conditions for in vivo 
restoration, high intracellular concentrations of albumin are 
necessary. Moreover, the restoration of 8-galactosidase acti- 
vity will result in only a minor attack on the stored material. 
Only the accumulated galactose-containing glycolipids and 
gangliosides will be broken down, while the fundamental 
absence of a-iduronidase*, sulpho-idurono-sulphatase’, and 
N-acetyl-a-glucosaminidase'’'’ will not be corrected by the 
albumin treatment. ` 

But, if the mental deficiency of patients with mucopoly- 
saccharidosis is due to the neuronal accumulation of the 
glycolipids, jn vive restoration of B-galactosidase by infusion 
of large amounts of albumin early in life, might nevertheless 
be beneficial. 


Range of normal activity 


E pea a E E E A AEE 
= 5 a a armas a aaa ~~ 
=o n 
om | 2 
=z | 
z | 
= ou 44 Pa 
" ti pame R ieena x 
San en eee 
Pee ee 
zo 
ž noll ‘ if i A 
= | vA ee ema . x 

i t 
= i} i¢ A 

b>: 

sf 

ater sac ccs sue aac acer acme ST cei 
Albani pug perang seri 
Fig. 2 Influence of increasing amounts of albumin on- 


B-galactosidase activity in liver homogenates from a, control; 
b, Hunter; c-e, Hurler individuals. Legend and methods as 
in Fig. 1, but albumin in acetate buffer (0.2 M, pH=4.5) 
was added to the liver homogenate instead of ‘CPC. The * 
range of normal values is shown at the upper right. The 
arrow indicates the mean value of the enzyme activity in 
| eight control autopsy livers. 
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Aspirin, indomethacin, catecholamine and. 
prostaglandin interactions on rat arterioles 
and rabbit hearts : 


VANE er al. have demonstrated that antipyretic, anti-infl 
matory drugs can inhibit prostaglandin synthesis. 
release", We have investigated the effects of aspiri 
the responses of rat arterioles to noradrenaline. 

Using male, 150 g, Sprague-Dawley rats anaesthe 
with ether we cannulated the superior mesenteric ar 
dissected out the mesenteric part of its vascular bed 
mounted the preparation in an organ bath‘. We perf 
the artery with Krebs bicarbonate buffer at 37° C, bub 
with 5% carbon dioxide in oxygen. After an equilibri 
period of 30 min we adjusted the flow rate so that th 
pressure in the arterial cannula had a mean value of a 
80 mm Hg. The flow rate was then left constant for th 
remainder of the experiment. The baseline pressure 
mained steady (variation less than 10%) for period 
long as:3 h (Fig. 2). The preparation responds to injecti 
of vasoconstrictor drugs by a rise in arterial pressure. ] 
maximal pressor response to constrictor drugs is usuall 
in the region of 80-120 mm Hg above baseline. Noradrena 
line solution (0.1 ml) in 0.9% saline was injected into the 
arterial cannula at regular intervals. Each preparation was 
tested with a range of noradrenaline concentrations to find | 
one which gave a pressure rise of about 70 mm Hg. This — 
was usually about 1 ng ml! solution. This concentration 
was then used for the rest of the experiment. Each injec- 
tion produced a transient rise in pressure which returned: 
to baseline within about 1 min. Once three pressor reee 
sponses of constant amplitude (+ 10%) had been obtained, __ 
the forma! experiment was started, results being expressed 
as percentages of the mean initial response. B 

Aspirin was added to the perfusate in three concentra- 
tions, 5, 10 and 20 wg ml~ (Fig. 1). The results demonstrate 
a reversible depression of responsiveness to noradrenalin 
the constrictor effect being eliminated by an aspirin. 
centration of 20 ug ml”. Baseline perusion pressi 
not altered. i 

The abolition of responsiveness might be explain 
pH changes, a direct action of aspirin itself on the inte 
action between noradrenaline and muscle receptors, on- ex- a 
citation—contraction coupling or on the contractile Proces n 
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or an indirect action of aspirin depending on its suppres- 
sion of prostaglandin synthesis. The 20 #g ml” aspirin 
concentration produced a pH change of less than 0.1 unit 
and changes of 0.3 unit produced by adding acetic acid to 
the buffer caused no significant changes in responsiveness. 
In five experiments indomethacin, another suppressor of 
prostaglandin synthesis, in a concentration of 5 ug mi 
also produced a complete abolition of responsiveness. We 
therefore attempted to reverse the effect of aspirin by 
adding prostaglandin E: to aspirin-blocked preparations 
(Fig. 2). 

A prostaglandin E: concentration of | pg ml~’ produced 
partial restoration of responsiveness. Above 10° pg mi~’ the 
relationship between E: concentration and responsiveness 
to noradrenaline flattened and no further increase could be 
demonstrated above 10° pg ml-'’. Furthermore at an E: 
concentration of 10‘ pg ml the two noradrenaline doses 
used produced essentially the same responses: sample test- 
ing with higher noradrenaline concentrations demonstrated 
that this was a maximal response under these conditions. 
Restoration of the control perfusion fluid for 30 min 
showed that the initial control responsiveness could be 
nearly restored. Addition of prostaglandin Fe to the per- 
fusion fluid in concentrations up to 100 ng mlv' failed to 
restore responsiveness. Prostaglandin E: had a weak action, 
being about 100 times less effective than prostaglandin Ez. 

Possible explanations for the results are that endogenous 
prostaglandin synthesis may be necessary for the combina- 
tion of noradrenaline with its receptor site or for the chain 
of events which occur between catecholamine—receptor 
combination and contraction. The mechanism is not specific 
to alpha receptors since we have also shown that the 
vasoconstrictor effects of vasopressin and angiotensin can 
also be abolished by either aspirin or indomethacin and 
restored by prostaglandin Ez. In contrast in five experi- 
ments using a rabbit Langendorff perfused heart prepara- 
tion the chronotropic and inotropic beta actions of adrena- 
line were not inhibited by concentrations of indomethacin 
up to 50 wg ml~'. This raises the interesting possibility that 
one difference between alpha and beta effects of cate- 
cholamines may be that the former require prostaglandins 
and the latter do not. 
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Fig. 1 Changes in responsiveness of the rat mesenteric 


vascular bed to noradrenaline brought about by adding 

aspirin to the perfusing fluid, Six® experiments were per- 

formed. Bars indicate 15 min periods during which aspirin 

was added to the perfusing fluid: concentrations: a, 5 ug 

mili; b, 10 we mi?: c, 20 wg mi‘. Before, between and 

after the bars the preparation was perfused with Krebs- 
bicarbonate buffer. 
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Fig. 2 Responses of the aspirin-blocked rat mesenteric 
preparation to noradrenaline in the presence of various con- 
centrations of PGE. Closed circles indicate responses to 
0.1 ml of a noradrenaline concentration sufficient to pro- 
duce a pressor response in the initial control period of about 
70 mm Hg: closed squares indicate responses to 0.1 ml of a 
noradrenaline solution of half that concentration. During 
each test the lower concentration was given first and the 
higher after the first response was completely over. Open 
circles indicate the baseline pressure. Five experiments were 
performed and each point represents the mean pressure 
rise = s.e.m. The pairs of noradrenaline injections were 
given at five minute intervals, After initial control (C) res- 
ponses aspirin was added to the perfusate in a concentration 
of 30 wg ml~' in order to block responsiveness completely. 
While maintaining the aspirin perfusion, progressively 
increasing concentrations of PGE. (Upjohn) were added to 
the perfusate, perfusion of each concentration being main- 
tained for 15 min. At the end of the experiments Krebs- 
bicarbonate buffer was perfused through the preparation for 
30 min. The last two C (control) responses were the pressor 
effects obtained 20 and 30 min after returning to the Krebs 
solution. 
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Syntheses of amino acids from 
aliphatic carboxylic acid 
by glow discharge electrolysis 


Grow discharge electrolysis (GDE)'* has been studied 
mainly on inorganic compounds such as water, ammonia, 
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and metal ions in aqueous solutions, Little study has been 
done, however, on the chemistry of GDE using organic 
compounds” although experimental results indicate that 
the application of GDE to organic compounds is a promising 
area in chemistry and is especially interesting in connection 
with the concept of chemical evolution. 

Here we report representative results of amino acid 



















formation by contact glow discharge electrolysis (CGDE): 
from several aliphatic carboxylic acids by direct aminatio 
using ammonia in aqueous solution. ae 
Two types of electrolysis tubes were used for CGDE; one 
a U-shaped tube, the other a single tube. In the U tub 
the cathode and anode compartments were separated by a 
fine-porosity glass frit and CGDE was carried out in the 
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Fig. 1 a, A, B, C, D, unknown; E, glycine; F, unknown + 
buffer change. Reaction conditions: electric current, 65 mA: 
reaction temperature, 15° C; reaction time, 6 h. The yield 
of glycine (peak E) was 3.5% from sodium acetate. b, A, B, 
C, unknown, D, glycine; Æ, alanine; F, unknown; G, 
B-alanine. Reaction conditions: electric current, 75 mA; 
reaction temperature, 15° C; reaction time, 3 h. Alanine 
(peak E, yield 6.9%) was synthesised by amination of the 
a-carbon of propionic acid. B-Alanine (peak G, yield 5.3°%) 
was formed by amination of the B-carbon. A small amount 
of glycine (peak D) was formed by the splitting of the a—-B 
carbon linkage. The glycine formation by a-B cleavage of 
carboxylic acid is a general phenomenon in GDE experi- 
ments. c, A, B, C, unknown, D, aspartic acid: E, F, 
unknown; G, glycine; H, alanine; 7, unknown; J, B-alanine. 
Reaction conditions: electric current, 50-70 mA; reaction 
temperature, 15° C; reaction time, 6 h. The major amino 
acid product is aspartic acid (peak D, yield 9.1%). Glycine 
(peak G, yield 0.5%.) was formed by a-B bond cleavage. 
Alanine (peak H, yield 0.3%.) was formed by B-decarboxyl- 
ation, and -alanine (peak J, yield 1.6%) was formed by a- 
decarboxylation of aspartic acid, In the several aspartic acid 
formations, a peak corresponding to B-hydroxy aspartic 
acid (peak C) was usually found with aspartic acid. The 
nature of the amino acid at peak G, however, is not yet fully 
characterised. Similarly, peaks corresponding to threonine 
and serine (peaks E and F) were commonly found in the 
reaction products of GDE experiments. These are also not 
yet characterised. d, A, B, C, D, unknown; E, glutamic 
acid, F, glycine, G, alanine, H, aaminobutyric acid; J, œ% 
unknown. Reaction conditions: electric current, 75 mA; 
reaction temperature, 15° C; reaction time, 3 h. The main 


product was glutamic acid (peak E, yield 3.1%). Glycine 
(peak F, yield 0.8%) and alanine (peak G, yield 0.2%) were 
also formed. The peak of an expected product, B- 
aminoglutaric acid, was not identified. e, A, B, C. unknown; 
D. aspartic acid; £, F, unknown; G, glycine; H, alanine; 
f, J, unknown; K, f-alanine. Reaction conditions: electric 
current, 75 mA; reaction temperature, 5° C: reaction time, 
3 h. After the reaction was over, the ammoniacal solution 
was evaporated under reduced pressure, and the residue was 
hydrolised with 6 N hydrochloric acid for 6 h. The main à 
product was aspartic acid (peak D, yield 3.2%). Glycine. 
(peak G, yield 0.8%) and alanine (peak H) were also found 
in the hydrolysate. The peak K corresponds to that of . 
B-alanine (yield 0.7%). f, A. B, C, unknown; D, aspartic- 
acid; F. glycine; G, alanine; H, buffer change; F, isoaspara- 
gine; J, P-alanine. g, C. unknown; D, aspartic acid: 
E. unknown; F, glycine, G, alanine: H. buffer change: J, 
trace of isoasparagine; J, B-alanine, Reaction conditions: 
electric current, 55 mA; reaction temperature, 5° C; 
reaction time, 3 h. The amino acids in the reaction mixture 
were analysed without hydrolysis (f). Asparagine (peak 
E, yield 1.1%) and isoasparagine (peak J) were formed by 
CGIQE. A larger aspartic acid peak however (peak D, yield 
2.6%), was found. This suggests that the CGDE process — 
could hydrolyse the amide bond of the asparagine and — 
isoasparagine formed. Glycine (peak F, yield 0.1%), alanine 
(peak G), and B-alanine, (peak J) were also observed, The — 
nature of the large peak B is not known; however, the peak 
B disappeared after acid hydrolysis (g). The yields of 
aspartic acid, glycine, alanine, and P-alanine after hydrolysis. 
were 4.5, 0.5, 0.3, and 1.2%, respectively. 
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anodic compartment. In the amination reaction of carboxy- 
lic acid (0.0025 mol in 10 ml of concentrated aqueous 
ammonia), CGDE took place in conditions of ammonia 
gas saturation and stirring. All reactions were carried out 
at 1 atm. The reaction temperature was measured by 
thermometer in the reaction tube which was immersed in 
-the methanol—dry ice bath. The applied electric current (d.c.) 
was 450-600 V and 20-100 mA. The reaction time ranged 
=> from 0.5-6 h. After the reaction ceased, the reaction 
- mixtures were evaporated to dryness under reduced pressure 
>and the residues were appropriately diluted for amino acid 
analysis. Some of the reaction products were hydrolysed 
with hydrochloric acid and the amino acids were then 
analysed. The reaction mixture was also treated with 
.-: 2,4-dinitrofluorobenzene, and the resulting dinitrophenyl 
= (DNP)-amino acids were separated by column chromato- 
=> graphy and thin layer chromatography. The major amino 
- acid products were confirmed as DNP-amino acids. 
-Figure 1 represents amino acid formation from acetic 
acid, propionic acid, succinic acid, glutaric acid, succinyl- 
hydride, and succinimide. The resulting amino acids, 
-their yields, and the reaction conditions are described. The 
_ yields of amino acids in some amination reactions reached 
up to 13% (Fig. 16). These amino acid formations by 
-CGDE do not, however, represent optimal conditions. 
-> This work was supported by a grant from the National 
_ Aeronautics and Space Administration. 
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Facilitation of lysosome 
disruption by ATP at low pH 
HAYASHI ef alt reported that ATP stimulates in vitro the 
degradation of proteins at pH 4.5 by lysosomes which were 
intact at the start of the experiment. In accordance with our 
z:o previous results, no effect was found at pH 5.0 (ref. 2). Although 
they found more rapid degradation by disrupted lysosomes, 
these authors concluded that the effect of ATP was not due to 
- an increased labilisation of the lysosomal membrane, but that 
“ATP facilitates. the pinocytotic engulfment of proteins into 
lysosomes and thereby stimulates proteolysis”. This conelusion 
‘was mainly based on experiments on non-sedimentable cathepsin 
D activity, discussed below. We have reinvestigated the effect 
of ATP on protein breakdown at different pH values, and 
found essentially the same results. Our evidence shows, how- 
ever, that the increase of proteolysis is due to facilitation of 
lysosome disruption by ATP at pH 4.5. 
Figure 1 shows the degradation of haemoglobin using intact 
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Fig. 1 Haemoglobin degradation by intact and disrupted 
lysosomes. A mitochondrial-lysosomal fraction was isolated 
from rat liver according to Sawant et al.*. The particle fraction 
was used either intact, or after disruption by three cycles of 
freezing in liquid nitrogen and thawing at 38° C. The incuba- 
tion mixture contained 2.5 mg mitochondrial-lysosomal protein, 
10.8 mg haemoglobin, 50 mM Na-acetate buffer and 0.25 M 
sucrose in a volume of 3.1 ml. The incubation temperature was 
38° C. ATP and MgSO,, were used at concentrations of 10 mM. 
At the times indicated, samples of 0.5 ml were added to 1.0 ml 
ice-cold 10% trichloroacetic acid. The mixture was cooled 
immediately and centrifuged at 0° C. Degradation products were 
determined in the supernatant by means of the Folin—Ciocalteu 
reagent, using tyrosine as standard’. @, Intact lysosomes, 
no additions; W., intact lysosomes, ATP and Mg?* present: 
©, disrupted lysosomes, no additions; | |, disrupted lysosomes, 
ATP and Mg?* present. Degradation at a, pH 4.48; b, pH 4.73; 
c, pH 5.05. 


and disrupted mitochondrial-lysosomal fractions prepared 
according to Sawant et al.*. Similar results were obtained with 
a mitochondrial-lysosomal fraction prepared according to 
Bouma and Gruber® and with a fraction isolated from hepato- 
cytes®. ATP, in the presence of Mg?* ions, stimulated the 
degradation of haemoglobin by the intact particle fraction at 
pH 4.48, but not at pH 4.73 and pH 5.05. During the first 
30 min, the stimulation at pH 4.5 was two to three times in 
several experiments. The same results were obtained for the 
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Fig. 2 Hydrolysis of glycyl-phenylalanyl-p-nitroanilide by intact 
and disrupted lysosomes. The incubation conditions are the 
same as those described under Fig. 1, except for the inclusion of 
10 mM NaCl, 9 mM dithiothreitol and 0.315 mM GPNA. 
The trichloroacetic atid supernatants were added to 0.2 ml 2.0 
M Tris-HCl buffer pH 9.0, and the adsorbance was determined at 
4i2nm. @. Intact lysosomes, no additions; $, intact lysosomes, 
ATP and Mg** present; ©, disrupted lysosomes, no additions; 
(_], disrupted lysosomes, ATP and Mg?* present. Degradation 
at a, pH 4.45; b, pH 4.78; c, pH 5.00. 
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hydrolysis of glycyl-phenylalanyl-p-nitroanilide (GPNA), a 
low-molecular weight substrate of cathepsin C (ref. 7), as is 
shown in Fig. 2. These findings are most simply explained if one 
assumes that ATP facilitates the disruption of the lysosomal 
membrane at pH 4.5. 

Hayashi et al! rejected this explanation because ATP did not 
enhance the non-sedimentable cathepsin D activity. Non- 
sedimentable activity is, however, not always a valid reflection 
of lysosomal integrity”, since at low pH values some enzymes 
are strongly adsorbed to membranes of disrupted lysosomes’. 
For that reason, we investigated the effect of ATP on the 
‘free’ activity of cathepsin C. The results are shown in Table 1. 
The presence of ATP clearly accelerates lysosomal disruption 
at pH 4.5 only. It should be noted, that at the times indicated 
in the Table, the cathepsin C assay, which itself lasted 15 min, 
was started. ATP was present in both incubation systems during 


Table 1 Influence of ATP on the ‘free’ cathepsin C activity of a 
mitochondrial-lysosomal fraction during incubation at pH 4.5, 
4.8, and 5.0 

Time ‘Free’ cathepsin C activity (%) 

{min} pH 4.48 pH 4.78 pH 5.00 

0 25 29 24 24 26 26 
id 58 78 4i 43 42 37 
20 86 87 65 66 59 54 
30 94 96 2 89 82 79 
60 97 102 9] 89 100 98 





A mitochondrial-lysosomal fraction was prepared according to 
Sawant ef al. and incubated as described under Fig. 1. At the times 
indicated, samples of 0.5 m} were added to 0.5 ml buffered isotonic 
GPNA solution (final concentrations: 50 mM sodium acetate 
buffer, 10 mM Cl, 9 mM dithiothreitol, 0.315 mM GPNA and 
0.25 M sucrose). The chloride ions and the thiol were added to activate 
and stabilise cathepsin C (ref. 10). To those samples which had been 
preincubated without ATP and MgS04, these substances were added 
together with the GPNA solution to give the same final concentration 
of 5 mM. After 15 min at 38°C, the incubation with GPNA was 
stopped by adding 0.2 m! trichloroacetic acid to a final concentration 
of 10°). The trichloroacetic acid supernatant was addedto0.2ml12M 
Tris-HCI! buffer pH 9.0, and the adsorbance was determined at 412 
nm in 2 cm cells. Blanks were prepared by adding trichloroacetic 
acid before the enzyme. The ‘free’ cathepsin C activity, determined 
in this way, is expressed as a percentage of the value obtained after 
three cycles of freezing-thawing (see text under Fig. 1). Three re- 
presentative experiments are shown; +, the presence of 10 mM 
ATP and 10 mM Mg?*; —, their absence during incubation. 


the assay. Thus, the relative increase in labilisation at pH 4.5, 
due to the presence of ATP during the incubation, is larger than 
that indicated by the data of Table 1. 

At pH 4.8 and 5.0 ATP has no effect on lysosomal membrane 
stability. At pH 7.0, ATP even stabilises the lysosomal mem- 
brane!!:!*. Thus, the direction and the magnitude of the effect 
of ATP on the lysosomal membrane is strongly pH dependent. 

This is reflected in the absence of a stimulating effect of ATP 
on the degradation of haemoglobin and GPNA at pH 4.75 
and 5.0. The pH dependence explains why Hayashi er alẹ 
found no effect on acid phosphatase and f-glucuronidase 
activity measured at pH 4.8 and 5.2 respectively. 

The second argument of Hayashi er alt for the hypothesis 
that ATP stimulated the uptake of macromolecules into 
lysosomes, was the finding that ATP increased the amount of 
non-washable cytosol protein in the mitochondrial-lysosomal 
pellet slightly. A control experiment with a disrupted fraction 
was, however, not carried out. We found that even at neutral 
pH adsorption of cytosol proteins was as good to a disrupted 
as to an intact mitochondrial-lysosomal fraction. 

Thus the effects of ATP can be explained by its strongly 
pH-dependent influence on the stability of the lysosomal 
membrane. No valid evidence for the uptake of macromoleculgs 
into lysosomes at pH 4.5 exists. 
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Inhibition of high-affinity glial uptake of 
4C-glutamate by folate 


EVIDENCE is accumulating to support the suggestion! that folic 
acid (pteroy! glutamic acid) may play a role in epileptic 
phenomena. Grand mal epileptic patients undergoing anti- 
convulsant drug therapy are likely to develop megaloblastic 
anaemia as a result of disturbances in folic acid metabolism’, 
and it has been reported that correction of the folic acid 
deficiency by folate therapy results in an exacerbation of the 
frequency and intensity of epileptic episodes?:*. It is also known 
that folate and related pteridines possess convulsant properties 
in their own right when administered in high intravenous doses 
to rats, or given intracortically?. 

In a recent examination® of the effects of iontophoretically 
applied folate or folinate (N*-formyl—S, 6, 7, 8—tetrahydro- 
folate) on the firing rate of neurones in the cat pericruciate 
cortex, these substances were found to have powerful facilitatory 
effects on the firing of spontaneously active, or glutamate- 
activated cells though they possessed only weak excitatory 
actions on quiescent neurones. The mechanism of the facilita- 
tory action was not clear, but the authors provided some 
evidence for a possible blockade of inhibitory y-aminobutyric 
acid (GABA) receptors. Similarly, it has been found that folate 
will antagonise presynaptic inhibition in the cuneate nucleus®; 
however, no antagonism of GABA-induced inhibition was 
demonstrable’. 

Glutamate is likely to be an important excitatory neuro- 
transmitter in the CNS*, and the major means of terminating 
the synaptic action of this amino acid is considered to be by 
re-uptake, largely into glial cells*. The rat dorsal root ganglion 
provides a convenient model system for studying the glial 
uptake of amino acids and has been previously used!® to 
demonstrate an active, energy-dependent, high-affinity trans- 
port process (Xm = 2 x 10 M) for glutamate. 

Here | examine the possibility that folate might interfere 
with this glutamate uptake mechanism. 

Rat dorsal root ganglia were isolated and desheathed, and 
transferred in pairs to 9.75 ml of Krebs-bicarbonate medium 
(pH 7.4) and preincubated for 10 min at 27°C under O,—CO, 
(95 : 5). L-U-"C-glutamate (Amersham) was then added to 
give a final concentration of 10 M, and the incubation con- 
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tinued for a further 15 min. At the end of this time ganglia were 
rapidly rinsed in ice-cold Krebs medium, blotted on filter paper 
and weighed individually. The tissues were transferred to 
liquid scintillation vials, solubilised with 400 pl Protosol (NEN 
Chemicals) and total radioactivity assayed by liquid scintillation 
counting. Uptake of C-glutamate was found to be linear with 
time. In each series of experiments ganglia were included which 
were incubated throughout at 0° C. The radioactivity in these 
blanks, which enabled a correction to be made for the uç- 
glutamate localised in the extracellular water, and for uptake 
due to diffusion, was subtracted from the values in the corres- 
ponding experimental sample (in each case the radioactivity 
in the blanks was less than 16°% of the control). “C-glutamate 
pmol per mg tissue per 15 min (means + s.e.m. of 10 inde- 
pendent observations). 

The effects of folate (Sigma, UK), the related pteridine, 


35.5 + 6.4% and 27.2 + 1.9% respectively (means 
eight independent observations). 

The Michaelis-Menten kinetics were determined for folate, 
using a limited range of folate concentrations (2.5 x 104M — 
10°?M). The values are presented as a Dixon plot (Fig. 1) 
which indicates that folate inhibits competitively the high- 
affinity uptake of “C-glutamate with a K; = 5.64 x 10M. 

The effects on the uptake process of a clinically useful anti- 
convulsant, diphenylhydantoin, were examined at a concentra- 
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Fig. 1 Dixon plot for the effect of folate on uptake of “*C-gluta- 
mate by dorsal root ganglia. V = d.p.m. per mg per 15 min. 
4C-glutamate concentrations: @, | M; 0, 1.5 uM; A, 2 pM. 
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tion of 5 x 104M. The compound itself was without effect on 
the uptake of “C-glutamate, nor did it affect the inhibition of 
uptake by folate. 

The significance of the inhibition of glutamate uptake by 
folate seen in these experiments, in relation to the epileptic 
seizure, and to the effects of the therapeutic administration of 
folate, is not clear. It seems unlikely that extracellular folate 
concentrations obtained following even prolonged therapy 
would be sufficient to markedly influence the re-uptake of 
glutamate from the synapse. But folate is largely localised in 
synaptosomal fractions", and it has been suggested!” that focal 
epileptic discharges may result from an accumulation of folate 
in the extracellular space around the focus. 
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Presynaptic inhibition at 
mammalian peripheral synapse? 


STIMULATION of sympathetic nerves leading to the intestine 
causes a reduction in intestinal motility’. Norberg” showed 
that these nerves ramify mainly in the enteric plexuses and 
has suggested that inhibition may be exerted at a neural 
rather than at a muscular level but this suggestion has been 
disputed*. Neural inhibition has been shown to occur by the 
postsynaptic action of transmitter’ but at some synapses it 
has been established that transmission may be inhibited 
presynaptically”. 

Here we describe experiments directly supporting Nor- 
berg’s suggestion and which suggest that sympathetic in- 
hibition of synaptic transmission in the myenteric plexus of 
the guinea pig may be mediated presynaptically rather than 
by the postsynaptic action of inhibitory transmitter. 

Intracellular recordings were made from myenteric 
neurones in flaps of plexus attached to the anal end of an 
adjacent segment of guinea pig mid small intestine’. The 
periarterial nerves leading to the intestinal segment were 
drawn into a suction electrode and stimulated electrically. 
Synaptic activity was evoked in the myenteric plexus by use 
of a pair of fine platinum electrodes, one under and the 
other just above the plexus flap’. In some experiments 
synaptic activity was evoked by distending a balloon placed 
inside the lumen of the gut segment’. Preparations were 
bathed in modified Krebs solution maintained at 35° C; 
atropine (2X107 g ml’) was present during each experi- 
ment to prevent cholinergic excitation of the smooth muscle’. 

In most experiments, trains of 10-100 stimuli (pulse width 
0.1 ms, frequency 0.1-50 Hz) applied to periarterial nerves 
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Fig. 1 Effect of periarterial] nerve stimulation on trans- 
mission in the myenteric plexus of guinea pig small intestine. 
The upper trace in each illustration records the membrane 
potential of a myenteric neurone at slow scan speed (hori- 
zontal calibration 200 ms); the lower traces show EPSPs 
evoked by single transmural stimuli applied across the 
plexus flap close to the recording site (horizontal calibration 
50 ms). In a and c, recorded respectively 15 s before and 15 s 
after b, it can be seen that such stimuli each evoked two 
EPSPs. But when the periarterial nerves leading to the 
plexus flap were stimulated (solid bar, 10 Hz for 1 s) just 
before a transmural stimulus (b) only a single EPSP was 
evoked. Vertical calibration bar (10 mV) applies to each trace. 


produced no detectable change in the electrical properties 
of the myenteric neurones. Transmural stimulation of the 
flap of myenteric plexus never evoked inhibitory postsynaptic 
potentials; moreover Nishi and North’ have shown that 
noradrenaline, the presumptive transmitter released by peri- 
arterial nerves to the intestine, has no effect on the sensitivity 
of myenteric neurones to acetylcholine (ACh). In two out 
of more than 40 experiments, short trains of impulses (10 
Hz for 1 s) applied to periarterial nerves caused a persistent 
discharge of excitatory postsynaptic potentials (EPSPs). 
Such EPSPs were identical to those that could be evoked 
by close transmural stimulation of a plexus flap and are 
presumably mediated by the release of ACh™*. We take this 
observation to support the view that periarterial nerves to 
the small intestine contain a small proportion of vagal para- 
sympathetic fibres’. 

An intermittent discharge of EPSPs was recorded from 
some neurones in the absence of any apparent stimulus’. 
Trains of stimuli (2 s duration, 5-10 Hz) applied to the 
periarterial nerves frequently caused either a reduction in 
the frequency of occurrence of EPSPs or totally abolished 
the discharge of EPSPs for several seconds (2-7 8s). Dis- 
tension of the intestinal segment by inflation of the intra- 
luminal balloon increased the frequency of discharge of 
EPSPs or evoked a discharge of EPSPs in quiescent 
neurones. Such a discharge of EPSPs was reduced or 
abolished by a concomitant train of stimuli to the sympa- 
thetic nerve. These myenteric neurones mediate either inhi- 
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bition or excitation of adjacent smooth muscle layers’; 
evidently sympathetic nerve stimulation may depress tran 
mission in both inhibitory and excitatory pathways. _ 
Close transmural stimulation evoked a single EPSP 
a cluster of EPSPs: a preceding train of stimuli applie 
to periarterial nerves either abolished the synaptic respon: 
or reduced the number EPSPs in the cluster, If the | 
EPSPs were sufficiently synchronous to evoke an action o 
potential, preceding sympathetic nerve stimulation reduced oe 
the synaptic response so that only subthreshold EPSPs: E 
were recorded. In some experiments, it was possible to 
evoke two EPSPs and to selectively abolish one of these 
by sympathetic nerve stimulation. Such an experiment is nS 
illustrated in Fig. 1. It can be seen that the second EPSP. __ 
was abolished in an ‘all-or-none’ manner whilst the first 
EPSP was unaffected. In other experiments early EPSPs 
were abolished rather than late EPSPs. The scatter ofo 
latencies for EPSPs could result from delays due to trans- | 
mission through interneurones but this seems unlikely as cue 
EPSPs were repeatedly evoked during repetitive transmural | a 
stimulation (10 Hz); polysynaptic nerve pathways in the 
myenteric plexus often failed to transmit at frequencies as 
low as 0.2 Mz (ref. 6). r 
When intracellular recordings were made from longi- 
tudinal or circular muscle, trains of stimuli (20 Hz for $s) 
applied to periarterial nerves produced no detectable change- 
in membrane potential of cells of longitudinal layer. They ` 
did, however, produce a detectable hyperpolarisation (5-10 . 
mV) of circular muscle membrane potential; frequencies 
less than 20 Hz only occasionally produced a small hyper- 
polarisation (1-3 mV) of this layer. a 
The simplest explanation for our findings is that sympa- 
thetic inhibition is mediated presynaptically. In most ex-- 
periments repetitive sympathetic nerve stimulation reduced — 
the number of EPSPs in a cluster of synaptic potentials. AS- 
the amplitude of the EPSPs which persisted during periar- 
terial nerve stimulation was not reduced, it seems unlikely 
that inhibition is mediated by a conductance change in the- 
postsynaptic membrane. The possibility that inhibition i$ — 
mediated postsynaptically at restricted areas some distance - 
from the cell soma, however, cannot be completely ex- 
cluded. It would also seem from these experiments that | 
the mechanism of sympathetic inhibition is somewhat. 
different to that observed at the crayfish neuromuscular 
junction, as EPSPs were abolished in an ‘all-or-none 
manner rather than by a reduction in quantal content’. 
Nevertheless, these experiments show that sympathetic. 
nerve stimulation may inhibit transmission in the myenteric 
plexus and may block local reflexes activated by distension = 
of an intestinal segment. fue 
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_. Conductance increase by 
— adrenaline in guinea pig taenia 
— coli studied with voltage clamp method 
-> Ustnc the double sucrose gap method, Bülbring and Tomita’ 
= have shown that adrenaline hyperpolarises the membrane 
= and reduces the electrotonic potential produced by constant 
current pulses in the guinea pig taenia coli muscle. They 
concluded, from the effects of membrane polarisation and 
changing external ionic composition on the adrenaline 
action, that an increase in the K and Cl conductances of 
the membrane is responsible for the hyperpolarisation. 
This agrees with the results obtained from ionic flux 
experiments’. In contrast, however, it has been recently 
reported, on the basis of voltage clamp experiments, that 
adrenaline increases the negativity of the potassium equi- 
. librium potential without causing significant changes in the 
= membrane conductance‘. As the voltage—current relation is 
roughly linear’, it is difficult to reconcile these different 
‘conclusions, 
- We therefore examined the effect of adrenaline using the 
‘current clamp and voltage clamp methods in the same 
preparation. The double sucrose gap apparatus was essen- 
tially the same as that previously used’, although of slightly 
~~ smaller dimensions, that is, the centre pool where the test 
= solution flowed, was 700 um in width. The vertical amplifier 
of the oscilloscope (Textronix, 3A7) was used as a feedback 
- amplifier for the voltage clamp experiments and electrical 
© responses were recorded with a rectilinear pen recorder 
(Nihon Kohden, PMP-3004). 
Figure 1 shows effects of adrenaline (10~° g ml~*) injected 
-= into the stream of Krebs solution flowing through the centre 
pool, in current clamp (Fig. Ia) and voltage clamp (Fig. 15) 
conditions. In Fig. la, a hyperpolarising current pulse (2 s 
_ duration) of constant intensity (5 x 10~’ A) was applied every 
= § s The previous observation’, that the membrane was 
hyperpolarised and the electrotonic potential was concomit- 
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Fig. 1 Effects of a short applicatiðn of adrenaline (107° 
g mi’) on the guinea pig taenia coli, Adrenaline infusion 
is indicated by the horizontal bar. Top trace, membrane 
potential, downward deflection indicating hyperpolarisation; 
bottom trace, membrane current, downward deflection in- 

dicating inward current. a, Current clamp; b, voltage clamp. 
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Fig. 2 Effects of a prolonged application of adrenaline (B) 
and its recovery (C). Compare with control experiments (A). 
a, Current clamp; b, voltage clamp. Note decrease in electro- 
tonic potential (top trace) in a, and increase in membrane 
current flowing during the voltage pulses (bottom trace) in 
b during adrenaline application. Also note that an early 
transient inward current produced by depolarising voltage 
pulse was abolished in B. 


antly reduced by adrenaline, was confirmed. When adrena- 
line was applied in the voltage clamp condition, an outward 
current was observed and in response to hyperpolarising 
voltage pulses the membrane currents were increased (Fig. 
14). Thus, it is clear that adrenaline increases the mem- 
brane conductance and produces an outward current. 

This was also confirmed by studying the current-voltage 
relationship (Fig. 2 a) and the voltage—current relationship 
(Fig. 2 b) in the absence and presence of adrenaline (5 x 107’ 
g ml‘). After taking control records in current clamp and 
voltage clamp conditions in normal Krebs solution, adrena- 
line was continuously administered and 10 min later the 
same experiments were repeated in the presence of adrena- 
line. Records were taken 10 min after washing out the 
adrenaline. There was some gradual recovery in membrane 
potential and membrane resistance during prolonged ex- 
posure to adrenaline. Even after more than 10 min exposure 
to adrenaline, however, it was clear that the membrane was 
still hyperpolarised, the membrane resistance reduced, and 
the spike or the early transient inward current blocked. 
Thus, the results were similar to those obtained by a short 
application of adrenaline. 

It was also demonstrated that the outward current .pro- 
duced by adrenaline was increased during conditioning 
depolarisation and reduced during conditioning hyper- 
polarisation. When the membrane potential was clamped 
at a hyperpolarised level of more than 15 mV beyond the 
resting potential, adrenaline produced an inward current. 

Our results support the idea that adrenaline increases the 
membrane conductance, and hyperpolarises the membrane 
by increasing the outward current. As no careful examina- 
tion was made of tail currents following repolarisation from 
a large depolarisation to different voltage levels, a shift in 
the potassium equilibrium potential is not ruled out by the 
present experiments. As far as the conductance change is 
concerned, however, our results conflict with the data 
obtained by Inomata and Kao‘. The reason for their failure 
to demonstrate the conductance change by adrenaline is 
not clear. 
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Development of polycystic ovaries in rats 
actively immunised against T-3-BSA 

THE aetiology of the polycystic ovary syndrome of Stein- 
Leventhal! is still unknown. Histologically, the ovaries from 
Stein-Leventhal patients are comparable in many respects to 
polycystic rat ovaries which have been observed in sexually 
mature rats following the administration of testosterone 
propionate during the neonatal period or continuous exposure 
of adult rats to a constant light environment?. Furthermore, 
increased in vitro conversion of progesterone to androgen and 
oestrogen has been described in incubations of both human and 
rat polycystic ovaries®. A clear insight into altered ovarian 
physiology which may precede the development of polycystic 
ovaries in the rat might therefore provide a better under- 
standing of the human syndrome. 

Mahesh and Greenblatt* have suggested that the Stein- 
Leventhal syndrome is caused by altered steroid synthesis in 
the ovary resulting in an imbalance of the pituitary—ovarian 
axis and subsequent persistent stimulation of the ovary by 
follicle stimulating hormone (FSH). A previous report from 
this laboratory has clearly shown that active immunisation of 
intact male rats against testosterone-3-(O-carboxymethy]) 
imino-bovine serum albumin (T-3-BSA) leads to a grossly 
elevated total serum testosterone concentration with a con- 
comitant decrease in the circulating biologically active free 
testosterone fraction due to high-affinity binding by anti- 
testosterone antibodies®*. This situation was reflected in signi- 
ficantly increased serum concentrations of FSH and juteinising 
hormone (LH). These observations led us to postulate that a 
similar immunisation of female rats might induce gradual 
alterations in the endocrine status of the host conducive to the 
development of polycystic ovaries, thus providing a well 
controlled model in which aspects of the aetiology of the 
syndrome can be examined. 

Adult female Sprague Dawley rats (18 weeks) used in this 
study were housed in an air-conditioned room iluminated 
between 0700 h and 1900 h. Only rats which had shown at least 
two consecutive 4-d oestrous cycles (determined by daily vaginal 
smears) were used. Seven experimental animals were im- 
munised against a T-3-BSA conjugate prepared by the method 
of Erlanger et al’. The immunogen (100 pg) was administered 
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as described previously? at monthly intervals. Controls were 
immunised against unconjugated BSA. Fifteen weeks. after. 
beginning immunisation, vaginal smears were taken on 8 
consecutive days. At this time all animals immunised agains 
T-3-BSA exhibited persistent vaginal cornification wherea 
controls continued to cycle normally. After 17 weeks, a 
animals were exsanguinated, serum collected’ and the ovatrie 
removed and fixed in Bouin's solution. Significant serum 
antitestosterone antibody titre (greater than 1:20 final dilu- 
tion}? was detected in three of the T-3-BSA immunised animals, — 
ranging between 1:200~-1:700. Ovaries removed from these. 
animals bore massive fluid-filled cysts up to 1.5 cm diameter, | 
Following fixation and dehydration the ovaries removed at 
autopsy were embedded in paraffin wax and serial 5 um sections 
cut and stained with haematoxylin and eosin. Microscopic. 
examination of sections from control ovaries (Fig. la) revealed | 
apparently normal follicular development with abundant 
corpora lutea. Those from animals which produced anti-T-3- 
BSA aniibodies, however, displayed large distended follicular 
cysts characterised by almost total absence of a granulosa cell 
layer; corpora lutea were rarely observed (Fig. 1). x 








Fig. 1 Photomicrographs of follicles present in, a, ovary re- 

moved from a control rat immunised against BSA; b, ovary 

removed from a rat immunised against T-3-BSA. F, Normal 
follicle: CF, cystic follicle; CL, corpus luteum. 


The total serum testosterone concentration in these animals, 
as determined by radioimmunoassay*® was significantly higher. 
than in controls (Table 1), but using an equilibrium dialysis 
technique described previously®, the circulating biologically 
active? free testosterone fraction was found to be significantly — 
reduced (Table 1). Serum concentrations of immunoreactive - 
LH, FSH and prolactin were each determined by radio- ` 
immunoassay as before® and the values obtained are shown in 
Table 1. While experimental FSH values were significantly > 
elevated neither LH nor prolactin differed from controls. oe 

These data indicate that a reduction in the circulating 3 free o 





Table 1 Serum concentration of testosterone, LH, FSH and prolactin in female rats with polycystic ovaries 17 weeks after 





commencing immunisation against T-3-BSA 
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Testosterone (ng per 100 ml) LH FSH Prolactin 
Total Free (ng ml“) (ng ml!) (ng mi?) 
Controls (immunised | 
against BSA; n = 6) 27 + 18* 9.8 + 2.5 75 + 17 465 + 186 123 + 114 
È è 
Experimental (immunised _ 
against T-3-BSA; n = 3) 90 + 23 1.72 + 0.68 62 + 47 1110 -+ 127 69 + 32 
ad E 
P < 0.0025 < 0.0025 NS < 0.0025 NS 


annya AAAA AAAA AAE 


* Mean + isd. 
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testosterone fraction which occurs in animals immunised 
against T-3-BSA is reflected in a selectively increased pituitary 
FSH output which might be a factor in the aetiology of patho- 
logical changes observed in the ovaries of animals thus treated. 
A detailed examination of various parameters of ovarian 
physiology before the appearance of polycystic ovaries in such 
animals may be of value in our understanding of the human 
syndrome. 
We thank the Tenovus Organisation for continuing generous 
financial support and to the Rat Pituitary Hormone Distribu- 
tion Program of the National Institute of Arthritis, Meta- 
bolism and Digestive Diseases, National Institute of Health, 
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the rat LH, FSH and prolactin. We also thank Professor K. 
Griffiths for criticism and advice. This report forms part of a 
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Influence of NAD+ on development 
of mouse blastocysts in vitro 


THE metabolites pyruvate and lactate are of central im- 
portance for the development of preimplanted mouse 
embryos'. One-cell ova cannot develop when lactate is 
the only energy source”, but the necessary pyruvate can 
apparently be provided for the first cleavage division when 
the incubation medium contains NAD* as well as lactate’. 
Cross and Brinster have reported that the development 
of the mouse embryo was optimal after the first cleavage 
division when both lactate and pyruvate were present in 
the medium’. Recent biochemical investigations have 
demonstrated that NAD* metabolism can interfere with 
DNA synthesis: this effect is independent of the function 
of NAD* as a coenzyme of dehyrogenases’". We have 
investigated whether NAD* supports the development 
of mouse blastocysts from the two-cell stage embryos by 
converting lactate to pyruvate, or whether it inhibits this 
development by interfering with DNA synthesis. œ 
Sexually mature virgin female white inbred mice (8-10 
weeks old) were mated for 2-3 h with sexually mature males 
of the same strain (two females per,cage). Females with vag- 
inal plugs were segregated, and the embryos were obtained 
from these animals 28-30 h later by flushing Culture Medium 
BMOC-2 (ref. 7) through the oviduct. The embryos 
were kept during the collecting period in Culture Medium 
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Table 1 Effects of NAD* on development and NADH content of 
two-cell embryos 
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NAD* Development to blastocyst stage (%) NADH 
(mM) BMOC-2(-+pyruvate) BMOC-2(— pyruvate) (mM)* 
0 92 (178) 40 (35) 0 
0.23 65 (26) 81 (21) 0.005 
1.0 52 (71) 24 (29) 0.04 
5.0 28 (50) 10 (20) 0.12 


DOSa 
* Concentration after 66 h incubation with BMOC-2 (without 
pyruvate) with various NAD+ concentrations. 
+ Numbers of embryos. 


BMOC-2 with lactate and pyruvate at 30-35° C: afterwards 
they were washed twice with 0.9% NaCl and 0.1% Ficoll 
(Pharmacia, Sweden) and transferred to 100 el Culture 
Medium BMOC-2 which contained lactate or lactate 
and pyruvate. The medium also contained NAD in various 
concentrations and was overlayered with silicone oil 
Tegiloxan 50 (Goldschmidt, Essen) for the cultivation 
period. The embryos were cultivated essentially as des- 
cribed by Brinster’. 

NAD' an NADH were measured with alcohol dehydro- 
genase and lactate dehydrogenase? by fluorescence 
spectrometry (Zeiss ZFM 4C). 

As seen from Table 1 optimal development of the mouse 
embryos was obtained using the complete Culture Medium 
BMOC-2 which contained 0.25 mM pyruvate. After 66 h 
incubation, 92% of the embryos isolated at the two-cell 
stage had developed to blastocysts but when pyruvate was 
omitted this rate was only 40%. In medium containing 
pyruvate, even small NAD’ concentrations inhibited 
embryonic development (Table 1). With increasing NAD‘ 
concentrations this inhibition became stronger and no 
blastocysts were observed when the culture medium con- 
tained 12.5 mM NAD". 

But, for embryos cultured without pyruvate, development 
was stimulated by low NAD’ concentrations (Table 1). 
With higher NAD‘ levels (1 mM and higher) the formation 
of blastocysts from the two-cell stage embryos was in- 
hibited as in the pyruvate-containing medium. No develop- 
ment to blastocysts was observed with a NAD* concentra- 
tion of 12.5 mM in the culture medium. 

Table 1 also shows that the NADH content of the culture 
medium at the end of an incubation without pyruvate is 
dependent on the NAD* concentration. The measured 
NADH concentration increased almost proportionally with 
the NAD* concentration in the investigated range although 
we can say nothing about the turnover of the NADH. 
These data clearly demonstrate that lactate can be meta- 
bolised to pyruvate under these conditions. We do not know, 
however, where these reactions could occur: by intracellu- 
lar dehydrogenases, by dehydrogenases attached to the 
zona pellucida, or by dehydrogenases released from the 
embryos into the medium. This is especially problematical 
since the pyridine nucleotides cannot usually penetrate 
mammalian cell membranes’. 

Under our experimental conditions the NAD" as a 
coenzyme of dehydrogenases can apparently provide the 
pyruvate which the embryos require for their development. 
But, with higher NAD* concentrations the second metabolic 
effect of NAD* overcomes this stimulation and its inhibitory 
effect on proliferation becomes predominant. 

This inhibitory effect may be connected with the forma- 
tion of adenosine diphosophoribose (ADPR Y and its polymer 
and with the binding of ADPR to the chromatin’. An NAD 
glycohydrolase (EC 3.2.2.5) activity is found in the pre- 
implanted mouse embryo” which could be of significance 
in this connection. kt is also possible that metabolic break- 
down products of NAD* are responsible for the inhibitory 

eeffect. Adenosine is found to act in this way on the 
development of the mouse embryo (unpublished results). 
Nolde and Hilz"™ reported that adenosine caused a reduction 
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in the proliferation of HeLa cells. We are investigating 
these problems and that of the uptake and metabolism of 
NAD’ by the embryo. 
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Evidence for sexual fusion and 
recombination in the dinoflagellate 
Crypthecodinium (Gyrodinium) cohnii 


SEVERAL cytological and biochemical features of dinoflagellate 
chromosomes, such as low histone content'~*, threadlike 
appearance under the electron microscope’*~*, absence of 
centromeres®, the condensed state persisting throughout 
interphase’*~*, unusual DNA’ and the controversial possi- 
bility of multistrandedness**, suggest that the genetics of 
these organisms might be unusual. We report here initial 
experiments on the genetics of the heterotrophic marine, 
coccoid dinoflagellate Crypthecodinium cohnii™® previously 
believed to be asexual!'®. We have evidence of sexuality, com- 
plementation, recombination and a complex life cycle. 

Axenic cultures of Puerto Rican and Woods Hole strains of 
C. cohnii (gifts from Drs K. Gold and L. Provasoli, respec- 
tively) and a strain which we isolated from Mattapoisett Bay, 
Massachusetts, were cloned by isolating single cells on agar 
by micromanipulation. Several clones of each strain were 
maintained on Gold's medium (GM)", either liquid or solidi- 
fied with agar (1.0-1.5 %) 

We found that growing cultures have, in addition to repro- 
ductive cysts and coccoid individuals of many sizes and stages 
of development, motile flagellated cells—swarmers——of various 
sizes? (Fig. la). DNA content per nucleus, also varies widely 
(Fig. 16) as previously reported briefly, but within one cyst, 
the two, four or eight nuclei appear to contain equal amounts. 
Cysts with eight nuclei are rare and have minimal amounts of 
DNA per nucleus. Cysts with four nuclei also usually contain 
the minimal amounts while nuclei of binucleate cysts contain 
either minimal DNA or twice this amount. These results 
agree with present and previous observations" of cysts 
producing one, two, four or eight cells. An average of such 
widely divergent amounts of DNA, as dttermined chemically?’ 
is obviously too large if used to indicate a basal DNA content 
per genome. As we show later, cells of different size and DNA 
content result, at least in some cases, from cell fusion. 
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Fig. 1 a, Distributions in size of swimming cells of three repre- 
sentative cultures of C. cohnii, fm | mutant: W. cells from bottom 
of log phase liquid culture; @, cells from top of same culture; A, 
cells from bottom of stationary phase culture. 6, Measurements. 
of relative amounts of Feulgen dye bound to individual nuclei. 
A Leitz microspectrophotometer and the two wave length 
method!" for eliminating distributional error were used. 
Mm, Cells of wild type in log phase; I, in stationary phase, 
W, nuclei of different reproductive cysts containing two, four, and 
eight nuclei. 


We used easily distinguishable motility mutants for micro- 
scopy and for genetic experiments; one mutant occurred 
spontaneously and the other was isolated after ultraviolet 
irradiation. Following Chlamydomonas nomenclature, they 
were designated fm 1 and fm 2. Motile cells of fm I swim at a 
rate of 5Oum st, about one-fifth the normal speed. The 
swarmers of fm 2 have flagella that appear normal under the 
light microscope, but locomotion is negligible, with most cells 
twitching only occasionally. 

Extended microscopy of individual normal cells of C. 
cohnii is hampered by their speed. Examination of cultures of 
fm 1, however, especially cells from the bottom of log phase 
cultures, revealed motile cells adhering in pairs, moving 
characteristically with two nonsynchronously beating trailing 
flagella. (C. K. Franker has observed pairing in other cultures 
of C. cohnii.) With this slow moving strain, it was possible to 
photograph the pairing of cells and their gradual fusion into a 
single cell indistinguishable, except for two trailing flagella, 
from a normal individual of about double the size. (Similar 
behaviour has been described in other dinoflagellates**.) 
Figure 2 shows typical sequences for cells (gametes) of different 
sizes. Usually fusions involved cells of the same size, but 
occasionally cells of different sizes fused (Fig. 2m, n and s), 
and very rarely more than two cells fused. Smaller individuals 
usually paired side by side, commonly followed by a cruciform 
juxtaposition of the cells (Fig. 2a and b). Larger cells frequently 
completed the process end to end (Fig. 2j, k and i). Fusing 
cells, watched on open wet mounts until they dried on the 
glass, and then stained, showed that nuclear fusion closely 
follows that of the cytoplasm (Fig. 2q, r and s). 

Examination of normal cells of C. cohnii also revealed 
pairing and fusion in all clones observed, including those of the 
Puerto Rican, Mattapoisett and McLaughlin strains. Since all 
clones represent single cell isolates, it seems likely that the 
sexuality of C. cohnii does not depend on different mating 
types (homothallism). 

In genetic experiments cells of fm 1 were mixed with cells of 
fm 2 in liquid cultures. After about 10 h normally swimming 
cells €were observed. This was remarkable since mutant cells 
have never reverted in culture for more than 400 generations, 
and, since they grow less vigorously than wild type, they would 
probably soon be overgrown by a back mutation. Fusion of an 
fm I cell and an fm 2 cell could be observed since the trailing 
flagellum of each could be recognised: that of fm 1 appeared 
to push both cells while that of fm 2 was ineffectual. Control 
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Fig. 2 Pairs of flagellated cells of C. cohnii, mutant fm 1. Mag- 
nification for living cells, © $28: Feulgen-stained, ~ 1190. a-e, 
Small cells (length about 14 um) total time about 35 min: f-i 
larger cells (about 18 pm), total time about 90 min: /-/ large 
cells (about 23 um), total time more than 12 h: a and #, ani- 
sogamous fusion; o, fusions of different sizes occurring at the 
same time: p, fusion product of largest size (about 32 um): qg. 
Feulgen-fast green-stained pair corresponding to (a) or (f): r, 
similarly stained fusion product corresponding to fe) or (G); s, 


experiments in which cells of each mutant were incubated in 
culture filtrates of the other indicated that no diffusable sub- 
Stance was involved. 

In mixtures of fm | and fm 2 some normally motile large 
cells appeared after 6 h, apparently too soon for completion 
of fusion, encystment, cell division and release of progeny, 
and we believe that they represent complementation in the 
‘zygote’ itself. Since many fusions are complete within I h, 
the 6h delay of restored function suggests that complementarily 
deficient organelles are not contributed by the ‘gametes’, but 
that new organelles are elaborated by the ‘zygote’. Since 
cysts can give rise to single motile products, the ‘zygote’ might 
encyst for a time during which complementation is effected, 
after which it emerges as a normally swimming cell. Similar 
encystment of zygotes has been reported for other dino- 
flagellates”, 

Only after a minimum of 14 h were the smallest rapidly 
swimming cells seen in the mixtures. These were too small to be 
the immediate products of fusion and are thought to be the 
products of reproductive cysts in which recombinational events 
occurred. This view is supported by the following genetic 
evidence. Early appearing large, fast swimming cells Czygotes’) 
were isolated by micromanipulation on agar. Thes® soon 
rounded up, grew and ultimately produced four or eight 
progeny. These were in turn isolated and transferred to liquid 
medium. After several generationssthe cells were classified 
as to their type of motility and their ability to generate normal 
swimmers in mixtures with their parents (back crosses). 
Several types of segregations (tetrads’) were observed: in 
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fourteen zygotes analysed four contained only parental mutant 
types, four Showed recombination--each contained two normal 
swimmers and two double mutants—-and the rest appeared to 
yield parental types phenotypically, but each segregant showed 
recombination either with both or with neither parent. All 
segregants have been maintained for many generations in 
culture without alteration of phenotype, indicating the absence 
of “post-melotic’ segregation. 

The fact that the mutant characteristics are recoverable from 
complementing fusion products is consistent with Mendelism, 
as is the occurrence of normal recombinants with their double 
mutant counterpart. However the absence of tetrads showing 
four types of cells—parental and recombinant-—~is unusual, 
and suggests that recombination occurs before chromosome 
replication. 

Our evidence indicates: (1) unusual homothallic sexuality 
with ‘gametes’ and ‘zygotes’ in a wide range of sizes, DNA 
content and chromosome numbers: (2) complementation in 
‘zygotes’ after the fusion of two different mutants: (3) reduction 
in the first one or two divisions of the complementing ‘zygote’; 
(4) that these reduction division(s) produce either: (a) both 
parental mutant types, (b) recombinants, both normal and 
double mutant, or (c) apparent parental types that display 
unexpected behaviour. These findings suggest that the chromo- 
somes of this organism are functionally unineme, as has been 
proposed? but that they behave unconventionally in several 
respects. 

Cari A. BEAM 
MARION HIMES 
Department of Biology, 
Brooklyn College, 
Brooklyn, New York 11210 
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Aetiology of Down’s syndrome 
inferred by Waardenburg in 1932 


Ir is not widely known, and should be of historical interest, that 
in 1932 P. J. Waardenburg! suggested, in a monograph on the 
human eye, that Down’s syndrome resulted from a chromo- 
somal aberration due fo non-disjunction. This was 5 yr after the 
first report of a chromosomal aberration in a mammal?. In 1952, 


eMittwoch® reported studying the meiotic chromosomes of a 


mongoloid patient and judged them to be normal. Waarden- 
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burg’s suggestion was rarely cited, and the eventual discovery of 
trisomy—2! in 1959 (ref. 4) was generally received with surprise. 

The relevant passage in Waardenburg’s book appeared on 
pages 47 and 48 near the end of a chapter on mongolism. After 
enumerating the possible aberrations in several sentences, he 
went on to discuss the significance of the hypothesis for human 
genetics. He began as follows: 

“Ich möchte die Zytologen anregen zu untersuchen ob es nicht 
möglich wire, dasz hier beim Menschen ein Beispiel einer 
bestimmten Chromosomenaberration vorlage. ... Man sollte 
einmal beim Mongolismus untersuchen ob hier vielleicht 
‘chromosomal deficiency’ durch ‘non-disjunction’ oder das 
umgekehrte ‘chromosomal duplication’ vorliegt.” 
(I should like to suggest that the cytologists investigate the 
possibility that we have here in man an example of a specific 
chromosomal aberration. .. . Mongolism should be studied 
to determine whether there may be a‘ chromosomal deficiency’ 
resulting from ‘non-disjunction’ or the converse, a ‘chromo- 
somal duplication.’) 

Waardenburg is a Dutch ophthalmologist, formerly a practi- 
tioner in Arnhem and Lecturer in Medical Genetics at the 
universities of Utrecht and Leiden. He is now retired in 
Oosterbeek. 
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Electrophysiological evidence for colour 
channels in human pattern vision 


Licut striking the eye is absorbed by three types of pigment 
preferentially sensitive to either red, green or blue light. 
The resulting neurophysiological signals are -ultimately 
pooled before they activate the neural mechanism that 
underlies the perception of photometric brightness. On 
the other hand, the role of colour might be different when 
viewing coloured scenes containing fine detail (pattern 
vision) compared with standard photometric stimulus fields; 
colour signals may not be pooled as when perceiving 
brightness!?. There is evidence that the human visual 
system handles red patterns in parallel with green and blue 
patterns'*, | have attempted to determine spectral sensitivity 
curves for the red-sensitive and green-sensitive channels of 
human pattern vision, This was done objectively by measur- 
ing brain activity electrophysiologically. 

When a subject viewed a pattern of red and black 
checks that exchanged places seven times per second, the 
visual area of the brain generated a 7 Hz alternating 
electrical waveform called an evoked potential (EP). 
Superposed on the red pattern was an unpatterned disk 
of desensitising light whose wavelength was A. Evoked 
potential amplitude was progressively reduced by increasing 
the intensity of the superposed disk of light. The principle 
of this experiment was to compare disks of different wave- 
lengths in their ability to attenuate EPs produced by the 
red pattern. 

The intensity of the disk was logarithmically increased 
with time for 28 s and then abruptly restored to its initial 
value. The total intensity change was 1.9 log units. White 
the disk intensity was slowly changing, the red pattern, 

















































which was oscillating at 7 Hz, was continuously eli 
EPs whose moment-to-moment amplitudes were rec 
a function of time. 
This was done by a Fourier analyser that operate 
narrow-band EEG filter centred on 7 Hz; its output w 
running average of the EP amplitude’. In this way a 
of EP amplitude against disk intensity was directly obt 
over the 28 s stimulus period’. Irregularities were redu 
by electronically averaging four such samples of the re- 
quired plot, allowing 20 s rest between each sampling. The 
technical details and experimental advantages of this new 
rapid technique are discussed elsewhere*”. . ps EBs 
Figure 1 shows how the amplitudes of the red pattern’s 
EPs were altered by increasing the intensity of the -super- 
posed disk of light. It should be noted that identical red 
stimulus patterns elicited all the EPs shown in this figure. 
Only the superposed unpatterned disk of light differed. 
Figure 1 also shows that as the desensitising disk’s intensity 
was increased, EP amplitude was at first unaffected or even 
rose a little and then decreased roughly proportionally 1 
log intensity. These two regions were separated by a fkn 
that was often clearly defined (Fig. 1 arrows). T : 
marked a shows the noise level; it was recorded. 
red pattern occluded. The evoked potential amplitud 
to noise level at an intensity close to that for wh: 
pattern disappeared. These last findings are similar t 
results of changing stimulus contrast at constant i 
sity? 4, E 
Curves such as those of Fig. 1 were similar in their 
features whatever the colour of the desensitising ligh 
to a first approximation, the only effect caused by cha 
the disk’s colour was to displace the plot bodily alo 
intensity axis. This indicated that the EPs produced 
red pattern could, in the first instance, be treated as tI 
the differently-coloured disks of desensitising light ' 
have identical effects when appropriately balanced 
intensity. ae 
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Fie. 1 Effect of desensitising light on evoked potentials. 
elicited by a red checkerboard pattern that oscillated at 7 Hz. 
The 2°x2° pattern of 676 nm, 9 min checks was viewed 
centrally. Ordinates: amplitude of pattern evoked potentials. 
Superposed on the pattern was a 6° patch of desensitising 
light. Intensities of desensitising light are plotted along 
alscissa for desensitising wavelengths of 452 nm, 561 nm, 
580 nm and 619 nm. Four samples averaged for each plot. a 
The noise level recorded with the red pattern occluded. b 
Mean noise level. Arrows indicate positions of ‘knees’. 
time axes show, for each separate plot, the timecours¢. 
which the desensitising light’s intensity was changed. } 
widths of filters were 10 nm. Bipolar recordings bet 
electrodes on the inion and 9 cm anterior along the midline 
The left mastoid was grounded. ce 
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The spectral sensitivity of the red pattern EPs was found 
as follows: Clearly, the red pattern EPs were most sensitive 
to the wavelength which gave a plot at the extreme left 
hand side of Fig. 1. This was not, as might be supposed, 
when the pattern and disk had the same wavelength 
(676 nm); in fact the plot was shifted most to the left when 
the disk’s wavelength was approximately 590 nm. The 
590 nm curve was arbitrarily taken as reference. Some 
other curve (501 nm) was then shifted to the left by an 
amount J; log units until the linear portion from the 
‘knee’ downwards coincided with the corresponding part 
of the 590 nm curve. The relative sensitivity of the red 
pattern EPs to light of wavelength 501 nm, was then 
directly calculated from Zm. This procedure was repeated 
for all disk wavelengths. The filled circles in Fig. 2a plot 
relative spectral sensitivity against disk wavelength A. Simi- 
lar results were obtained by the criterion response method 
using evoked potential feedback’; these have been added 
in Fig. 2a. Peak sensitivity les between 580-600 nm. 

The range of desensitising intensities for which this 
spectral sensitivity curve applied was calculated as follows. 
When the wavelengths of the disk and of the pattern were 
the same (676 nm), the ‘knee’ was found to mark the 
point where the disk intensity was approximately the same 
as that of the pattern’s bright checks (that is stimulus 
contrast was 33%). As mentioned above, spectral sensitivity 
was estimated for the sections of the plots of Fig. 1 
that lay between the ‘knee’ and the lowest EP amplitude. 
Thus, the spectral sensitivity curve of Fig. 2 held from 
the ‘knee’ (where only little desensitising light had been 
added so that chromatic adaptation was slight) to an 
adapting level roughly 1.5 log units higher, where the red 
pattern could no longer be seen. 

This use of the ‘knees’ illustrates how evoked potential 
recording can offer the possibility of quantitatively studying 
visual processes at everyday suprathreshold levels of sensa- 
tion where available psychophysical methods may be un- 
certain or ineffective. 

The dotted line in Fig. 2a shows the relative spectral 
sensitivity curve for luminance (brightness) perception 
measured by the method of heterochromatic flicker photo- 
metry. A 2° 2° unpatterned patch of wavelength 676 nm 
and 122 trolands was flickered against a comparison patch 
of wavelength A. There was a 36° X36° white surround of 
250 trolands. I have previously reported that this luminosity 
curve agrees closely with the spectral sensitivity curve of 
EPs elicited by rapidly flickering a spatially-unpatterned 
patch of light’. On the other hand, Fig. 2a shows that the 
dotted luminosity curve is quite different from the spectral 
sensitivity curve for red pattern EPs. The luminosity curve 
peaks near 555 nm. In contrast, the sensitivity of red 
pattern EPs is displaced markedly towards the red end 
of the spectrum, and peaks at 580-600 nm. This means 
that for pattern EPs, visual effectiveness is not directly 
proportional to luminance; for example Fig. 2a shows that 
red and green lights that were equally effective for the 
red pattern channel might differ in luminance by 0.5 log 
units. 

Figure 2b shows the result of repeating these EP experi- 
ments, but with the red pattern replaced by a green 
(544 nm) pattern. When Fig. 2b and 2a are compared, it is 
clear that the green pattern’s spectral sensitivity curve 
peaked at much shorter wavelengths (540-560 nm) than 
the red pattern’s curve. The wavelength of the green peak 
was also estimated by fitting a displaced rod sengtivity 
curve to the data of Fig. 2b after allowing for prereceptor 
absorbtion”. The rod curve fitted quite well with its peak 
displaced to 530-540 nm. The green pattern peaked at 
roughly the same wavelength, or even at a lower wave- 
length, than the luminosity curve (Fig. 2a, dotted). 

To what extent do the EP curves of Fig. 2 represent 
the action spectra of red-sensitive and green-sensitive 
channels in pattern vision? Isolation of colour channels 
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Fig. 2 a, . The relative spectral sensitivity for brain 

potentials evoked by a red (676 nm) pattern; @, individual 

points; . „ relative luminosities of spectral lights deter- 

mined by heterochromatic flicker photometry. b, As for a 
except that the pattern was green (544 nm). 


is notoriously difficult, as the action spectra of different 
photopigments overlap. Thus, even if each colour channel 
subserving pattern vision were fed exclusively by a single 
type of photoreceptor, then even monochromatic lights 
would stimulate all channels to some extent. In the present 
case the blue-sensitive pigment was most probably unim- 
portant, not only because its spectral sensitivity is well 
separated from the red and green-sensitive pigments, but 
also because a fine stimulus pattern was used (9 min checks). 
It is well known that the spatial resolving power of the 
blue-sensitive visual mechanism is coarse'’. The shapes of 
the spectral sensitivity curves were consistent with some 
minor contribution from green receptors in Fig. 2a and 
some minor contribution from red receptors in Fig. 2b 
Furthermore, the EP curves of Fig. 2 peak at wavelengths 
that agree with estimates for the peak sensitivities of 
the red and green photopigments’™" or colour mechan- 
isms". All this indicates that Fig. 26 to a fair extent 
represents the action spectrum of the green photopigment 
and that Fig. 2a describes, though with rather less precision, 
that of the red pigment. 

The data reported above extend the findings of previous 
experiments in which subjects viewed an equiluminant 
pattern of adjacent red and green checks (or bars). Large 
pattern-specific EPs were recorded each time that the 
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red and green checks (or bars) exchanged places*'""’. I 
pointed out that such EPs could not exist unless red and 
green signals were still to some extent segregated on arrival 
at pattern-sensitive neurones*’, Furthermore, chromatic 
segregation might even be complete’. This explanation 
would also be consistent with the McCollough effect’ and 
with evidence that lateral. interaction occurs within each 
class of cone” ™, It-is important, however, to distinguish 
this suggestion fro he colour segregation observed when 
monochromatic . patterns stimulate the chromatically- 
adapted eye (for example, as above and in ref. 22). The 
latter conditions w reveal peripherally-determined red, 
green and blue colour- channels even if colour signals were 
no longer segregated when they reached pattern-sensitive 
neurones. o 

I thank Dr F. W. Campbell, Dr H. Spekreijse, and Pro- 
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Prehistoric human activity | 
and blanket peat initiation on Exmoor ` 


It now seems that the shallow tracts of peat which are so ~ 
abundant in western parts of the British Isles began ‘their 
development at about the time when the first signs of = 
human activity became evident in the pollen record’’ con- = 


tained in the peat. These blanket mire complexes ọr 
“Terrainbedeckende Moore” have received relatively little fee 
attention from palaeoecologists and radiocar 
len profiles are few; those which exist refer. 
sits from Ireland*" and the Southern Pennines’ 
present a radiocarbon-dated pollen diagram, from a 
mire on Exmoor, Somerset, which throws further li 
the coincidence of prehistoric human activity and the initia- 
tion of blanket peat formation. 

The deepest blanket mires found on Exmoor were on an 
upland plateau site termed The Chains. A monolith of peat 
from the mire was excavated and this was used both for. 
palynological work and for radiocarbon dating. Pretreat- 
ment of the samples for dating was carried out accordin 
to the specification of the Palaeoecology Laboratory, Belfas 
where the dating was performed. In effect this pretreatment 
involved the extraction of the fine particulate matter from 
the peat by a process of KOH digestion followed by sieving. 
The dated material thus consisted largely of pollen and 
spores together with fine fragments of fungal origin. Con= 
taminant root material penetrating the profile from above 
was thus eliminated. | 

Selected results of pollen analysis together with the radio- 
carbon dates are shown in Figs 1 and 2. The diagram has 
been zoned on the basis of the characteristics of the pollen. 
assemblage (see Table 1); in Table 1 the probable corres- 
ponding archaeological or historical period is also suggested. 

The diagram bears a strong similarity to those published 
from mid-Wales* and the Southern Pennines’. The dating 
of the basal layers at about the time of the arrival of 
farming cultures lends further support to the suggestion = 
that the introduction of grazing animals’ or the ploughing 
of marginal land’ may have assisted in the initiation of 
these deposits. a 

Shallow blanket peats of about 1 m in depth are more =- 
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Table 1 The Chains pollen zones and their interpretation 


Pollen Zone l l Major characteristics 
EC] Relatively high Ulmus and Pinus 


EC2 Decline in Pinus and Uimus. Increase in Alnus at the expense 
of Quercus. Increase in Pteridium; Plantago lanceolata is 


consistently present 


Interpretation and date (radiocarbon yr) 
Undisturbed woodland before arrival of farming cultures 
Arrival of farming cultures and the response of the woodland 
to their activities. Extrapolation from dates, assuming an 
even rate of peat formation suggests the period covers about 
5,000-3,800 b.p. (Neolithic) 


EC3 Gradual recovery in Ulmus to a maximum at end of zone. An unsettled period with no permanent human settlements. 
No recovery in Pinus. Plantago sporadic and Pteridium Dates between about 3,800 and 2,300 b.p. (Bronze Age) 
erratic 

EC4 Abrupt decline in Ulmus and increase in Betula, Pteridium ẹ Increased activity in terms of farming, woodland clearance 


and Plantago. A decline in T ilia precedes that of Ulmus 


ECS _ A sudden decline in Preridium and Plantago. An increase in Reduced human activity. Period begins at about 1 500 b. P. 
Betula (end of Roman), but is of uncertain duration 
EC6 Gradual rise in Pievidium and Plantago to a maximum at Increased settlement and deforestation, especially of low- : 


the end of the zone. Decrease in Alnus, rise in Ulmus and 


Pinus n” 


EC7 Decrease in Preridium and Plantago. Pinus reaches maximum 


and settlement. Dates, about 2,300-1,500 b.p. (ron Age- 
Roman) 







lands and valleys. Uncertain date, but possibly culminating a 
in the Napoleonic Wars, about 150 yr ago 
Reduced intensity of farming. Possibly past 150 yr 















porn nein cnarerasnnniringntiinnnsnvanaiinnniipaninamsnint Sia 
enn amannenn RRA Rep UHI ehaiiimtrnenhae ne 












































2215+90 a = — as ~ EC4 
2,335 +260 u ener rooreraa eraa graa ———— nr = 
eet - eee = EC3 
3,505+ 120 f 2 a : = == 
LO 4170475 | = - e a S x 
<n =. =" -i x EC2 
7 EC} 
300 eee pe pa 
0O 10 2 300 10 2 0O 10 0 10 20 30 40 so 600 10 
Betula Pinus Uimus Quercus Tilia 


Fig. 1 Selected pollen data and radiocarbon dates from the peat profile at The Chains, Exmoor. (°% Arboreal pollen) 
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Fig. 2 Further pollen data from The Chains, Exmoor. 
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Fig. 3 Selected pollen data from the peat profile at Hoar T or, Exmoor. (%, 


common on Exmoor than are deep peats. Figure 3 shows 
a pollen diagram from a profile of one of these sites at 
Hoar Tor. Once again there is an Ulmus decline close to 
the base of the diagram, but the other features of the con- 
temporary pollen assemblage, for example, low Pinus and 
high Tilia, suggest that this fall in elm corresponds to the 
second (zone EC4) Ulmus decline of The Chains diagram. 
This would mean that EHT3 = EC4 (Iron Age~—Roman); 
EHT4 = ECS (? Dark Ages); EHTS = EC6 (Mediaeval- 
Napoleonic Wars); EHT6 = EC7 (past 150 y). The absence 
of radiocarbon dates makes it impossible to confirm these 
tentative correlations. 

It has been pointed out’ that the basal peats of blanket 
mires often contain evidence of human activity. The data 
reported here endorse that statement but also provide the 
basis for its qualification. The human activity recorded in 
the basal peats may date back to Neolithic times (for 
example, The Chains), or it may represent a more recent 
interference (for example, Hoar Tor). On Exmoor there 
aré peats which began their formation at both of the major 
interference periods. 

Moore’ has suggested that stock grazing in a woodland 
under climatic and soil nutrient stress (caused by deterio- 
rating climate and prolonged leaching respectively) could 
reduce regeneration and thereby tip the ecological balance 
in the favour of peat formation. Mitchell? has described 
situations in western Ireland where, Neolithic ploughing 
may have assisted the process of podsolisation by liberating 
iron in the upper soil layers which becomes deposited as 
a pan beneath the level reached by the plough. Once again 
the outcome is nutrient depletion and inicipient blanket 


Arboreal pollen) 


peat formation. In the Exmoor context we. favou 
former explanation of how man may have. influence 
course of peat initiation. The role of climate in this p 
must be emphasised. We postulate that man, 8 
domesticated animals, provided a final stress on an 
system already under climatic strain. It is salutary. to 
that both of the periods of blanket peat initiation o 
moor correspond to times of deteriorating climate’, 

We thank the Royal Society for grants towards the co 
of equipment and radiocarbon dating. . 
D. L. MERRYFIELD 
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Singing muscles in a katydid 


Sir,—Your Insect Physiology Corres- 
pondent? has perpetrated a common 
error by stating that the tymbal muscles 
of cicadas may contract at 4,500 Hz. 
The song of cicadas, like other types 
of insect, consists of pulses of sound. 
The sound frequency, which is con- 
trolled by resonance of the abdominal 
air cavities, was measured by me as 
4,500 Hz in some large cicadas in 
Ceylon, but is considerably higher in 
small species. The pulse modulation 
frequency, which may relate to the 
contraction frequency of the tymbal 
muscles, has never been observed higher 
than about 600 Hz, even in species 
with a myogenic contractile mechanism. 

Neither your correspondent, nor 
Josephson in the article quoted’ men- 
tion that high contraction frequencies 
in neurogenic muscles have been 
measured not only in insects but also 
in some vertebrate muscles producing 
only a small output of energy (the cri- 
chothyroid muscle of the bat’; and a 
fish swim-bladder muscle’). In all cases 
in fast neurogenic muscles, there is a 
correlated development of the sarco- 
plasmic reticulum involved in calcium 
transport. 


Yours faithfully, 
J. W. S. PRINGLE 


Department of Zoology, 
South Parks Road, 
Oxford OXI 3PS, UK 
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? Revel, J. P., J. Cell Biol., 12, 571 (1962). 

1 Fawcett, D. W., and Revel, J. P., J. bio- 
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Biosynthesis of 
bacteriochlorophyll . 
Sir,—Bacteriochlorophyll (BChl) pro- 


duction in nonsulphur purple photo- 
synthetic bacteria growing anaerobi- 


cally is inversely related to light inten- 
sity, and introduction of O, causes a 
rapid suppression of pigment synthesis. 
In a recent report’, Davies er al. sum- 
marise findings which lead them to con- 
clude “the original suggestion of Cohen- 
Bazire et al” that the synthesis of BChl 
is controlled by the redox state of one 
or more of the components of the 
electron transport chain, is correct.” 

In this connection, Davies et al. cite 
experiments’ with intact cells in which 
various respiratory electron transport 
inhibitors were found to interfere with 
the synthesis of magnesium protopor- 
phyrin. Since interruption of electron 
transport in intact cells can be expected 
to have numerous ramifying effects, 
there is reason to question the state- 
ment that “one or more of these 
[electron transport] components has 
been shown to be directly involved in 
the insertion of magnesium into pro- 
tophorphyrin”’. 

Davies ef al.’ suggest that “direct” 
control of BChl synthesis by O: (and 
light intensity) is also effected through 
regulation of aminolaevulinate (ALA) 
synthetase, the first enzyme of tetrapyr- 
role biosynthesis. They assert that ALA 
synthetase may be regulated by a tri- 
sulphide of glutathione or cystine 
which, in its oxidised form, increases 
activity of the enzyme. According to 
their scheme, oxygen (or light) has 
the effect of oxidising carriers of the 
electron transport chain, which in turn 
cause oxidation of an unidentified sul- 
phydryl compound to its disulphide 
form: the latter than is presumed to 
oxidise the “reduced polysulphide ac- 
tivator’ to its active (stimulatory) state. 
On this basis, O; might be expected 
to accelerate BChI synthesis, rather 
than inhibit, but Davies er al.’ seem 
to suggest that O; also disturbs sulphur 
metabolism so as to interfere with bio- 
synthesis of the trisulphide activator. 
Elsewhere’, Neuberger et al. express 
the view thet “oxygenation may lead 
to direct inactivation of the activator”. 
We have been unable to rationalise the 
regulation of BChI synthesis by oxygen 
in terms of their interpretations. 

Our recent experiments’ with 
mutants of Rhodopseudomonas cap- 
sulata, blocked at different points in 


respiratory electron transport, demons- 
trate that the rapid inhibition of BCh! 
synthesis by oxygen is independent of 
the cell’s metabolic capacity to use O: 
as a terminal oxidant or to 
deliver reducing equivalents to the 
aerobic electron transport system. This 


argues cogently against the ‘redox 
carrier governor” postulation for re- 


gulation of BChli synthesis, and we 
have proposed an alternative working 
hypothesis in the study cited’. 


Yours faithfully, 
HOWARD GEST 


Department of Microbiology, 
Indiana University, 
Bloomington, Indiana 4740] 


BARRY MARRS 


Department of Biochemistry, 
St. Leuis University, 

School of Medicine, 

St. Louis, Missouri 63104 
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Dr NEUBERGER REPLIES: At the time 
when the paper by Davies ef al.’ was 
first submitted to Narure, all the known 
facts discovered by others and our- 
selves were compatible with the pro- 
position first put forward by Cohen- 
Bazire et al. in 1957 that the electron 
transport chain in some way exerted a 
direct control over bacterial chlorophyll 
synthesis. Later experiments by Marrs 
and Gest published in 1973’ and our 
own work published later in that year’ 
indicated that the effects of oxygen 
may be more specific and may be ex- 
ated through its action on sulphur 
metabolism, and in particular may 
be due to the depletion of the cellular 
content of a trisulphide activator of 
the enzyme. In this respect we are in 
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essential agreement with Gest and 
Marrs and our current work also is 
in accord with this general idea. It is, 
however, still possible that the activa- 
tion process, which was first described 
by Marriott et al‘, involves in some 
way the electron transport chain. The 
Possibility also exists that similar mech- 
anisms operate in vivo, but data at 
` present available do ot allow a definite 
conclusion to be: reac hed. 


















Lister Institute of Preveniaive 
Medicine, 
Chelsea Bridge Regd. 


London SWIW 8RH, UK 


L Davies, R. C., ecicth, A., Neuberger, 


Á., Sandy, J. D., and Tait, G. H., 
l Nature, 245, 15 (1973). 
* Marrs, B., and Gest, H., J. Bact., 114, 


1052 (1973). 
* Neuberger, A., Sandy, J. D., Tait, G. H., 
Biochem. J., 136, 491 (1973). 
‘* Marriott, J., Neuberger, A., 
G. H., Biochem. J. WA, 
(1969). 


and ‘Tait, 
385-394 


Microstructure of magnesium 
oxychloride cements 


Sir,—Matkovic and Young in their 
article on the microstructure of mag- 
nesium oxychloride cements’ reported 
some interesting observations, and 
raised some points for discussion. I 
would like to discuss those points 
which have wider implications. 

The authors coated their samples 
with a Au-Pd layer of unstated thick- 
ness before examination in a scanning 
electron microscope (SEM). In. the 
case of the metal coated specimen, 
SEM only reveals the outer topography 
of the metal layer. Figure 1 shows a 
section through three parallel needles 
each 2,000 A thick, separated by 500 
A. The volume porosity of this packing 
is 37%. Assuming that the depositing 
vapour had a uniform density, any 
layer more than 250 A (that is Ł 
of the needle diameter) thick, 
will start to coalesce them. If the film 
thickness is 500 A (4 of the needle 
diameter) the shaded areas of 
Fig. 1 will receive double the amount 
of metal necessary to fill them up. 
This excess metal will pile up locally, 
making the outer surface slightly un- 
dulated (indicated by the broken lines), 
and will be difficult to resolve into 
three. A thicker coating will make 
them appear monolithic. With lower 
porosity, a lower film thickness will be 
necessiry to submerge them. If the 
needles are diverging, a metal film of 
proper thickness will make them 
appear to intergrow at the points of 
nearest approach, though in reality 
they do not. It can be seen that unless 
the coating thickness is adjusted to 
take. care of particle size and density 











Nerdie 


three 

2,000 A thick, 

separated from one another by 500 À. 

The broken lines indicate the slightly 

undulating outer surface formed by 
excess metal, 


Fig. 1 A section through 


parallel needles, each 


of packing in the specimen, quite a 
misleading topography may result. 

Figure le of ref. 1 shows that the 
average apparent diameter of the 
crystals is about 1,200 A. For the real 
diameter, twice the film thickness has 
to be deducted from that figure. For 
crystals of 1,200 A real diameter, a 
film thickness of 150 A or less will be 
required before it can be distinguished 
whether they are intergrowing or not. 
The above crystals were, however, the 
initial reaction products. The subse- 
quent products are expected to be 
smaller and more densely packed. 
It is perhaps not surprising that the 
authors found that in older samples, 
the crystals were intergrown and the 
samples had a monolithic appearance. 
The smoothness of the cracked surfaces 
in their Fig. 3 can also be explained on 
this basis, though there are other alter- 
natives, 

The term ‘intergrowth’ has been 
used rather uncritically. There are two 
types of crystal-crystal intergrowth. 
A crystal may intergrow into another 
crystal without having any structural 
continuity, like a nail in a piece of 
wood. This is a special case of 
mechanical intergrowth. The second 
type of intergrowth involves structural 
continuity between the participating 
crystals. For this type of intergrowth 
to occur the crystals need to meet each 
other in definite orientations, satisfy- 
ing the laws of twinning. Matkovic 
and Young seem to imply the second 
type of intergrowth. I wonder if they 
have tried, on this basis, an order of 
magnitude calculation on the prob- 
ability of formation of a three dimen- 
sional load bearing structure. The 
result of that calculation would be 
quite illuminating. 


Note added in proof: Re-examination 
of Fig. Ic reveals isolated needles whose 
real diameters are equal to the stated 
film thickness. How many more of them 
were in the real sample? 


Yours faithfully, 
S. CHATTER]! 
Teknologisk Institute, 
Gregersensve}, 
2630 Taastrup, Denmark 
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Drs YOUNG AND MATKOVIC RE 
It is certainly true that one o 
problems of SEM is the need to 
a conducting layer on the surfa 
inorganic materials. We are awa 
the inherent problems of metal 
ings, but do not think it invalid 
the results presented in the origina 
article. We used comparatively. ligh 
coatings (~250 A) of gold—palladium 
and comparisons of such coatings with 
pure carbon coatings (which are trans- 
parent to secondary electrons} on. 
samples of portland cement: com- 
pounds, have not shown substantial. 
differences in microstructural details 
We therefore have confidence ini the 





qualitative observation described 
our article. ae 
The term ‘intergrowth’ hast 






























deliberately used in a vague. 
we regret any resultan 
tions. On the basis of SEM. 
tions alone it is not possible to. 
any definite conclusions concernit 
exact interactions between cr 
We feel that, in order to explain 
high mechanical strengths, these 
teractions must be stronger than w 
Van der Waals surface forces, but: 
range from strong ‘solid—solid. co 
tacts’ postulated for hydrated por 
cements’, to true structural contin 

Finally, we emphasise that- the 
results are preliminary observation 
We advanced our ideas in the. 
terests of suggesting an alternati 
approach to the problem of streng 
development in cementitious systen 
We realise that SEM cannot provi 
all the answers and we feel that, 
present, attempts to make quantitati 
predictions may be premature. ~ 
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Photosynthesis in leaves 
exposed to SO, and NO, 


S'R,—Bell and Clough' have reported 

that the growth of $23 ryegrass was 
substantially reduced by exposure to 12- 
p.p.hm. (parts per hundred million) SO... 
Bleasdale’ grew the same variety of 
ryegrass in greenhouses ventilated with 
polluted air from out-of-doors on a 
suburban site in Manchester and com- 
pared the growth with that in a-green- 
house ventilated with purified’ 
There were reductions in the dry weigt 
of the plants amounting to 57% i 
polluted atmosphere, even though th 
SO, concentrations were below 31 
hm. for 39 out of 42 d and the daily 





means did not rise above 9 p.p.hm. at 
any time. 

Bleasdale’s data appear to show that 
S23 ryegrass is more sensitive to SO, 
than is apparent from the study by Bell 
and Clough. This discrepancy may be 
the result of their having performed 
experiments in different conditions, but 
it may equally have resulted from 
Bell and Clough’s simulated SO; pollu- 
tion rather than polluted air from out- 
side. In Bleasdale’s experiments other 
air pollutants would also have been 
present. One such is NO». This is found 
in polluted atmospheres because NO 
is produced by combination when fossil 
fuels are burnt, and is quickly oxidised 
in air to NO». We have recently com- 
pleted some experiments in which the 
combined effects of SO. and NO, 
pollution on photosynthesis in the pea, 
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Fig. 1 


7 Effects of simulated SO. and 
NO, pollution on net photosynthesis 
in Pisum sativum. Fumigation condi- 


tions: 1.20 air changes min~'; tem- 

perature, 21° C; light intensity, 73 

J> st; water vapour pressure deficit, 
995 N m`’, 


Pisum sativum, were examined over a 
concentration range of 0-25 p.p.hm. 
for each gas. Initially, exposure to 
these pollutants increased net photo- 
synthesis, but the effect was short lived 
and a substantial inhibition soon 
followed. The magnitude of this inhibi- 
tion for 15 different treatments is 
shown in Fig. 1, with the control in- 
cluded for comparison. Analysis of 
this factorial experiment revealed 
statistically significant effects of SO. 
and NO, (P<0.001 in both cases) but 
no significant SO, NO, interaction. It 
is clear, however, that the effects of 
the two pollutants are at least additive. 
These observations were made on 
detached leaves and no visible injury 
accompanied the depression of net 
photosynthesis, but more prolonged 
exposures to concentrations of 10 


p.p.hm. and above of both SO, and NO: 
were found to produce visible lesions 
on intact plants. Visible injury to crop 
plants after simultaneous exposure to 
SO, and NO» has been reported pre- 
viously’. 

Our data suggest that combined 
effects of SO: and NO, might explain 
the growth inhibition caused by urban 
pollution’, and that this possibility 
should be considered in future studies. 

J. N. Bull acknowledges the receipt 
of a CASE award from the Science 
Research Council, and we are grate- 
ful to ICI Ltd for financial support and 
Mr J. F. Newman for his advice. 


Yours faithfully, 


J. N. BULL 
T. A. MANSFIELD 


Department of Biological Sciences, 
University of Lancaster, 

Bailrigg, 

Lancaster LAI 4YQ, UK 
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Regulation of 
albumin-bound tryptophan 


Sıir—Madras er al.’ recently reported 
on the effect of tryptophan concentra- 
tions in serum and brain concerning its 
conversion to serotonin in rats. This 
and related work have been summarised 
by Fernstrom and Wurtman’ who 
suggest that albumin-bound tryptophan 
is the precursor of serotonin. These 
authors'* have found that decreased 
nonesterified fatty acid content 
(albumin-bound) in the serum caused by 
administration of carbohydrate or 
insulin results in higher concentrations 
of albumin-bound tryptophan, while 
fasting (high fatty acid content in 
serum) results in lower albumin-bound 
tryptophan levels, suggesting that fatty 
acids competitively prevent the binding 
of tryptophan by albumin. 
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If one assumes a scrum albumin con- 
centration of 4 g per 100 ml, the data 
of Madras er al.', on the concentrations 
of serum-bound tryptophan and fatty 
acids can be converted into moles of 
tryptophan or fatty acid bound moles of 
serum albumin (Table 1). Thus 
conditions which decrease concentrat- 
ions of fatty acids in the serum increase 
concentrations of aibumin-bound tryp- 
tophan, McMenamy and Oncley’ found 
that bovine albumin bound | mol of t- 
tryptophan per mol of albumin. Add- 
ition of fatty acid decreased the binding 
capacity of the albumin for tryptophan 
by 0.1 mol for each mol of fatty acid. 
When 2.0 mol of oleate was present the 
albumin bound 0.75 mol of tryptophan. 

Since 2.0 mol of fatty acid per mol 
of albumin represents the largest fatty 
acid ratio in Table 1, I assume that a 
minimum of 0.75 mol of tryptophan 
could be bound to the albumin rather 
than the maximum of 0.135 mol ob- 
served if fatty acid competition were 
the limiting factor. 

The free energy (—7.2) enthalpy 
(—14.5) and entropy (—24) changes 
determined by Fairclough and Fruton’ 
for the binding of L-tryptophan to 
serum albumin are similar to those 
observed for binding of iodide’, lyso- 
lecithin and probably dodecyl sulphate’ 
to the high energy site of albumin. 
Thus such a material, which is strongly 
bound to the albumin, might decrease 
the amount of this site available for 
tryptophan and so function, along with 
fatty acids, to regulate the amount of 
tryptophan bound. 


Yours faithfully, 
W. E. KLOPFENSTEIN 


Department of Biochemistry, 
Kansas State University, 
Manhattan, Kansas 66506 
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Table 1 Effects of glucose and diet on bound tryptophan and fatty acids 
Effect of glucose Effect of diet 
Carbohy- 
; Control Glucose Glucose Fasted drate + Carbohy- 
fh 2h control fat drate 
Serum bound 
tryptophan mol per > 
mol albumin 0.091 0.13 0.135 0.09 0.11 0.135 
Non-esterified fatty i 
acids mol per mol 
albumin 2.0 1.14 1.05 1.46 1.08 0.53 
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Louis de Broglie: Sa conception du 
monde physique, By A. George, et al. 
Pp. xxvii+387. (Gauthier — Villars: 
Paris, 1973.) 


Louis DE BROGLIE’sS 80th birthday 
(August 15, 1972) came close enough 
to the 50th anniversary of his three 


famous notes to Comptes Rendus 
(September—October 1923) and the 
publication of his doctoral thesis 


(November 25, 1924) to warrant a 
double celebration. This collection of 
articles by his close colleagues, old 
and young, describes both his long 
career as a teacher and leader of re- 
search and the contributions that he 
and his pupils have made to “the past 
and the future of wave mechanics”. 
Handsomely produced, elegantly 
phrased, and well integrated despite 
more than twenty different authors, it 
will prove a valuable source for bio- 
graphers and for historians of science. 

The accuracy of the personal picture 
cannot be easily estimated in a work 
of this kind, whose whole emphasis is 
naturally on the positive and virtuous 
—the guide, philosopher and friend, 
the lucid and eloquent teacher, the 
imaginative scientific intellect, still en- 
thusiastic in old age, still able to state, 
more clearly than his pupils, the essen- 
tial stages in his own scientific develop- 
ment and his own analysis of current 
problems. No man is perfect; but we 
do well to admire these qualities of 
greatness. 

But the scientific work, being in the 
public domain, must be appraised more 
judiciously. Its standing depends not 
on the fact that it was done by M. de 
Broglie, but that it conforms to reality 
and is accepted by other competent 
scientific experts. This is the harsh law 
of science which defers not to prince, 
professor or poet. 

Of the thesis of 1924 there can only 
be the highest praise. The very idea of 
‘matter waves’ is the most revolution- 
ary innovation in the philosophy of 
nature since the ancient Greeks, This 
significant step in modern physics was 
no mere stumble into the unknown, 
but a tremendous leap, gracefully 
poised on the classical principles of 
Fermat and Maupertuis but vaulting 
beyond Einstein’s conjecture on tife 
particulate nature of radiation. The 
first half of this book deals with the 
theoretical background of this brilliant 
paper, and on some of its modern 


WS 


De Broglie’s philosophy 


consequences, in electron microscopy, 
and so on. 

So profound, indeed, was the revolu- 
tion of thought that the revolutionary 
has spent the rest of his life trying to 
resist the further, yet more radical, 
statistical interpretation of the wave 
function. The papers in the second half 
of this volume record the considerable 
efforts of de Broglie and his school to 
reconcile waves with particles in a 
more deterministic scheme. Since this 
work is largely ignored by other theo- 
retical physicists, one must ask why it 
has not found wide acceptance. 

Nobody who has seriously grappled 
with (let alone had to teach!) the 
modern paradigm of quantum theory 
can feel completely satisfied with its 
present form. The essential localisation 
of the particle event is not intuitively 
consistent with the equally certain evi- 
dence of interference between extended 
wave fields. The fantastically precise 
discreteness of the rest mass and charge 
of an electron is a fact of nature that 
is difficult to swallow philosophically. 
The operator formalism of Heisenberg 
and Dirac seems to answer all the prac- 
tical questions but leaves hollow the 
interior reality. The extraordinary 
paradox of a physical quantity that 
seems to depend upon the state of mind 


of the physicist is not to be shrugged. 


off without comment. 

There is, of course, a vast literature 
on these problems, to which the de 
Broglie school make almost no refer- 
ence. Their theme is the ultimate 
‘reality’ (potentially unequivocal ob- 
servability?) of wave fields, of which 
the particles are singularities and by 
which they are guided. In his work of 
the 1930s, de Broglie concentrated on a 
theory of photons, which were assigned 
a very small rest mass to make them 
localisable. In the 1950s, he developed 
the ‘double solution’ for the particle 
singularity and its guiding wave, ex- 
plaining the statistical phenomena of 
particle physics as manifestations of a 
hidden thermodynamic ensemble. Are 
these models of submicroscopic physics 
convincing, or worthy ofefurther sus- 
tained effort? 

Despite many elegant results, the 
physical systems to which they are ap- 
plied are very simple (for example a 
few nearly free electrons) and no new 
phenomena are predicted for experi- 
mental verification. Indeed, it is taken 
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for granted (although with rather o 
meagre proof) that the whole scheme 
must be capable of reproducing. the a 
results obtained by conventional  — 
methods for almost all atomic, nuclear ae 
and high energy systems. The de Brog — o 
lie model is scarcely falsifiable, since it 
is presented as an alternative ‘explana- 
tion’ of quantum physics at the deepest 
level, incorporating automatically all 
existing theoretical achievements such 
as quantum electrodynamics, many. 
body theory, and broken symmetry; 
schemes. eS 
The necessity for such an exp 
tory scheme thus rests on metaphy 
rather than on physical considerations. 
The practical physicist may continue 
to solve all his problems by the con- 
ventional operator formalism, and need. 
not learn the more complicated mathe- 
matical techniques of non-linear field. 
theory. Until experiment, or some as 
tonishing theoretical coup, demon- 
strates the practical superiority of the 
de Broglie interpretation, we can safely 
ignore it. 
Does that explain, or justify, the 
neglect of this work by almost all 
orthodox physicists? It would be more 
honest to say that despite all the mathe- 
matical effort that has been lavished 
on it, the whole project rests upon too 
narrow a foundation of hypothesis and 
technique. The natural phenomena are 
richer (for example neutrinos, muons, 
pions, strong and weak forces) and our 
mathematical resources more diverse 
(finite and continuous groups, topology, 
tensor calculus and so on) than this. | 
book seems to imagine. For aesthetic _ 
reasons, and in modest deference to the 
unknown knowledge of future men, we 
do well to doubt that physics is con- 
ceivable only in the manner inherited 
from Newton, Laplace and Einstein. I 
would rather live uncomfortably with 
the paradoxes of quantum physics, 
hoping that some day they will be re- 
solved, than accept, for the sake of 
peace of mind, a well meant but essen- 
tially backward looking scheme which 
promises more than it has yet achieved. 
JOHN ZIMAN 




































Fine structure of algae 


The Fine Structure of Algal Cells. By 
mic: London and New York, 1973. ) 


THis book is well produced and many a 
of the illustrations will doubtless be 

















immed into lantern slides. The text, on 
the other hand, reads like a catalogue, 
with all the disadvantages of this type 
of format. Moreover there is no flicker 
of interpretative insight directed to- 
wards a reader who may not 
spontaneously appreciate the scientific 
interest of the phenomena or struc- 
tures described. 

This is not all the result of com- 
pression to reduce costs since, minor 
‘errors or omissions apart, some hazards 
‘to. potential users have been deli- 
berately inserted by the author or 
publisher without effecting great sav- 
ings. Thus all too many micrographs 


sare labelled with a generic name only, 


‘as if species of algae do not matter. 
One picture of scales is even labelled 
“Chrysochromulina?”’. Perhaps some 
tyro may value this and memorise it 
as an examination gimmick. An older 
reader, on the other hand, perhaps a 
non-botanist hoping to enter the fine 
structure field personally, must learn 
at the outset that, especially among 
algae, species may matter very much 
and carelessness here can invalidate or 
render unrepeatable the most elaborate 
exercises of other kinds. Any book 
which suggests, even by its format, 
that this is not so is being less than 
helpful to a serious and desirable type 
of reader. 

Further, the omission of titles from 


> the papers listed at the end, removes 


at a stroke the future usefulness of 
the book as a work of reference while 
greatly increasing the difficulty of 
effective proof reading. Thus on page 
166 an important topic is said to have 
recently been summarised by an author 
dated 1972e while in the literature list 
-one finds only 1972f (subject unknown) 
following 1972d (subject also un- 
known). 

While, therefore, this book will be 
useful for a limited time and purpose 





=>; for which it ought to be bought by 
libraries, it is not one which I would 
give as a present to a friend, colleague 
or. student. Considering the intrinsic 
interest and beauty of the subject this 


is disappointing. L MANTON 


The first clover leaves 


The Primary Structure of Transfer 
RNA. By T. V. Venkstern. Translated 
from Russian by Basil Haigh. Pp. x+ 
296. (Plenum: New York and London, 
1973.) $29. 

THES monograph sets out to cover the 


- entire field of transfer RNA primary 


structure in textbook form. It is an 
extended edition of a Russian text first 
published in 1968 and in this revised 
version surveys the literature up, to 
July 1971. Each of the 22 transfer 
RNAs which had been sequenced by 
that time are described in considerable 
detail. The constant features of transfer 


the methods 


RNA architecture are also discussed, 
together with the evidence supporting 
the clover leaf hypothesis of the base- 
pairing of transfer RNA sequences. 
Little serious attempt is, however, made 
to relate features of individual 
sequences to the functional centres 
which determine the acceptor or adap- 
tor roles of transfer RNA, other than 
in a consideration of the codon recog- 
nition properties of different anticodon 
loop structures. Hence those wishing 
to comprehend the structure-function 
relationship of transfer RNA will not 
find in this monograph a topical ac- 
count of how the nucleotide sequence 
of a transfer RNA molecule can deter- 
mine its function. The three-dimen- 
sional structure of transfer RNA 
obtained from X-ray crystallography 
is now clearly on the horizon and it 
should soon be possible to provide a 
more meaningful topological interpre- 
tation of the significance of those re- 
gions of transfer RNA sequences which 
lie outside the anticodon. 

Much of this book is given over to 
a clear and detailed account of how 
the first few transfer RNA sequences 
were determined. The author takes us 
back to the initial attempts to deter- 
mine nucleic acid primary structures 
and enables us to re-live that exciting 
period when the first few transfer 
RNAs were being sequenced. A con- 
siderable proportion of the narrative 
describes methods for the sequencing 
of non-radioactive RNA and many of 
these procedures have been largely sup- 
planted by newer methods of sequence 
analysis which greatly reduce the work 
load of the experimentalist. There is 
little more than passing reference to 
developed in Sanger’s 
laboratory for sequencing “P-labelled 
RNA, even though most transfer RNA 
sequences are now derived using these 
techniques. Furthermore several other 
publications give a much more compre- 
hensive and useful description of 
nucleic acid sequencing. 

The chapter of this book which dis- 
cusses the minor nucleotides of transfer 
RNA is by far the most topical and 
presents a thorough account of the 
physicochemical properties of these 
components. In view of the elaborate 
system of enzymes which exists for 
modifying transfer RNA it is hard to 
conceive that the modifications do not 
have an important biological function. 
Nevertheless the more inquisitive reader 
would probably wish to see expanded 
the sectionseof this book which describe 
the roles of the different isoacceptor 
transfer RNAs and the functions of 
the different minor components of 
transfer RNA. 

As a result of the gonsiderable effort 
now being expended in determining 
nucleic acid structures it is clearly 
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almost impossible for any book on 
transfer RNA to be up to date by the 
time that it 1s published. It has taken 
three years for the English version of 
this book to appear and during that 
time the number of sequenced transfer 
RNAs has increased from 22 to nearly 
70. A complete summary of all known 
transfer RNA structures (The Hand- 
book of Nucleic Acid Sequences, by 
B. G. Barrell and B. F. C. Clark) has 
recently bzen published as a loose-leaved 
folder by Joynson-Bruvver, Oxford. 
This is to be annually updated and will 
be rather more realistically priced. T. 
V. Venkstern’s book is more of value 
as a comprehensive account of the be- 
ginnings of nucleic acid sequencing. 

P. W. PIPER 


Evolution of plants 


Chromosome Botany and the Origins 
of Cultivated Plants. By C. D. Darling- 
ton. Third (revised) edition. Pp. xvii-+ 
237. (Allen and Unwin: London, 
September 1973.) £4.40. 


THE fascination of plant evolution is 
the great variety of mechanisms that 
have been involved. Plant species have 
certainly not plodded dully through 
time, losing a few genes here, gaining 
a few genes there: they have flashed 
into polyploidy, chromosome structural 
changes, inbreeding, apomixis, hybrid- 
ity, with almost breathtaking frequency. 
The plant species which have stuck 
to an ordinary outbreeding diploid type 
of evolution are probably fewer than 
those which have not. 

Since so much of this cunning and 
opportunism is tied up with chromoso- 
mal change, a book on chromosomes 
in plant evolution, by the cytologist 
to whom much of our understanding 
of chromosomes is due, is surely to be 
welcomed and respected, especially 
since it now reaches the eminence of 
a third edition. The book is also im- 
portant because it is one of the very 
few in which the origins of cultivated 
plants are discussed, making use of re- 
cent evidence. 

Alas for high hopes. The trouble is 
that the author falls a victim of his 
own enthusiasm. One is given too great 
an impression that plant evolution can 
be explained solely in terms of chromo- 
somes: changes at the level of the 
gene cannot be disregarded. One is 
given a fascinating picture, but one 
which is capricious and worrying, and 
sometimes difficult to understand. 

Yet the book contains the distillation 
of a lifetime: a provocative variety 
of evidence and conclusions on plant 
evolution that is unique, and a collec- 
tion of information on crop plant evo- 
lution that is not available elsewhere. 
This is the reward for the reader. 

A. D. BRADSHAW 
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Sad time for salmon 


International Atlantic Salmon Sym- 
posium. Edited by Morden W. Smith 
and Wilfred M. Carter. Pp. xi+504. 






(Atlantic Salmon “Research Trust: 
Fanham, Surrey; Int tional Atlan- 
tic Salmon Foundatio ¿New Bruns- 


wick, 1973.) £6.50 boards; £5 paper. 


Tus collection of papers is the pub- 
lished proceedings of the “Symposium 
on the Atlantic Salmon: the Manage- 
ment, Biology and Survival of the 
Species”, held at the Huntsman Marine 
Laboratory, St Andrews, New Bruns- 
wick, in September 1972. It consists 
of thirty-one major contributions 
under six main headings; the effects 
of man and the changing environment, 
physiology, ecology, aquaculture, en- 


vironmental engineering and fishery 
economics, and conservation and 
fisheries. 


With such a wide-ranging approach 
to the problems which surround the 
Atlantic salmon it is not surprising 
that several of the papers seem to 
have little direct relevance to the main 
objects of the symposium, One contri- 
bution invokes the aid of systems 
analysis for salmon conservation in a 
dauntingly titled paper, “the FASTRR 
concept (Facility for Atlantic Salmon 
Technological Research and Restora- 
tion). A status report”. This concludes 
“the design and construction of an 
improved intensive culture hatchery 
depends on the determination of bio- 
logical and physical needs, their esti- 
mated implementation and operating 
costs as balanced against predicted 
benefit to the overall project objectives. 
Elements of this study hopefully will 
ease the decision maker’s task of 
quantitative initial assessment, choos- 
ing between alternates, and manag- 
ing efficiently...”. (One wonders 
what Frank Buckland, Inspector of 
Salmon Fisheries, 1867-1879, who 
managed to hatch salmon and trout 
eggs in the kitchen of his home in 
Albany Street, London, would have 
said of that?) 

The salmon, in an unique way, is 
the focus of emotional attitudes. As 
an economic, leisure, or food resource 
it is probably without equal, but its 
decline in the industrialised and heavily 
populated North Atlantic countries has 
been quite dramatic. Reaction to 
dwindling salmon stocks in many 
countries suggests that although this 
may be more or less acceptable, it is 
clearly not acceptable for other nations 
to exploit the stocks outwith the 
national boundaries. Thus, the rela- 
tively recently developed high-seas 
fisheries conducted off the coast 8f 
West Greenland, and also in the 
Norwegian Sea, has resulted in a crisis 
within the salmon-producing countries, 
‘made still more emotional by the fact 


that the country mainly operating the 
fishery is not a salmon producer. This 
development has placed the conserva- 
tion of the Atlantic salmon firmly in 
the field of international relations, and 
as Dr Wilfrid M. Carter, co-editor 
of this volume, remarks, “‘the Atlantic 
salmon, perhaps more than any other 
fish has become symptomatic of the 
unwillingness of the international com- 
munity to face and to solve critical 
problems...”’. 

The contributions in this volume 
essentially fall into three categories 
(although they are not so divided by 
the organisers): the biological papers, 
some of which have direct relevance 
to the conservation of the species, 
papers on the management of stocks, 
and those directly related to the inter- 
national management of the species. 
This last category would seem to have 
the most direct bearing on the major 
problem confronting the salmon. In 
this context, the review by B, B, 
Parrish of the work on the ICES/ 
ICNAF Joint Working Party on the 
North Atlantic Salmon is a major 
contribution, summarising the pro- 
blems involved and distinguishing the 
areas of biological knowledge that re- 
quire to be clarified before more pre- 
cise assessments of their effects can 
be made. But as D. L. McKernan 
points out elsewhere in the volume, the 
adoption of an ICNAF formula to 
phase out the non-native high seas 
fishery off Greenland, and to impose a 
catch limit on the inshore fishery, 
offers reason to be cautiously optimis- 
tic for the future of the Atlantic 
salmon. ALWYNE WHEELER 


Weather forecast 


Radar Observation of the Atmosphere. 
By L. J. Battan. Pp. x+324. (Univer- 
sity of Chicago: Chicago and London, 
1979. FEIS 


* THERE has been a considerable increase 


during the past two decades in the use 
of electronic techniques for the remote 
sensing of the atmosphere, with radar 
playing an important if not dominant 
part. So much new material had 
become available that the author has 
carried out an extensive revision of his 
earlier work Radar Meteorology, first 
published in 1959. The present volume 
under its new title is solely concerned 
with the application of microwave 
radar in the study of atmospheric 
phenomena including precipitation, 
cloud, wind and clear aif turbulence. 
The author has succeeded in covering 
most of the relevant material in less 
than 300 pages of text. This should 
have considerable appeal to a wide 
scientific readership apart from meteoro- 
logists, particularly those who lack a 
specific background in electronics. 
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The principles of radar are well > 
illustrated although the author’s very 
brief introduction concerning the pro- 
perties of electromagnetic waves will- 
hardly benefit a reader who is not | 
already familiar: wit he subject. The = 
remainder of the book deals with radar 
Poe and ‘the t ; 






author had penny in the. a T man- o 
ner some aspects of upper atmospheric A 
work including chaff and meteor radar = 
as well as incoherent scatter tech- 
niques. Numerous technical details of 
radar installations are given in an ~ 
appendix and readers will welcome a 
very comprehensive and up to date 
list of references. H. G. MULLER & 


Strange coincidence 


The Challenge of Chance: Expertiiérits | 
and Speculations. By Alister Hardy, - 
Robert Harvie and Arthur Koestler. | 
Pp. 280. (Hutchinson: nen 
November 1973.) £3. 


DwuRING a recent visit to America I was 
met at Roanoke Airport by my friend 
the statistician, I. J. Good, of the 
Virginia Polytechnic. Good excitedly 
asked me what type of plane I had 
flown in on and when I told him a 
Boeing 727 he cried “ I knew it. I 
knew it”. He then pointed to the 
licence plate of his Ford Mustan a 
which boldy featured the inscription 
“CRE 727”. Permanent testimony to the — 
happy correspondence between my- 
initials, the plane I had flown in and | 
Jack Good’s car exists in the form of Z 
a licence plate which now adorns my: 
office wall. e 
If you like stories of this kind you a 
will revel in Challenge of Chance,- 
which is described on the blurb as 
being “the first book to be written 
jointly by a Fellow of the Royal Society = 
and a Fellow of the Royal Society of = _ 
Literature—with a psychologist provid-. 
ing the bridge between the two cub > 
tures”. The interdisciplinary flavour of 
the work is certainly striking, but the 
bridge is rather a shaky one. The book. _ 
falls uneasily into three separate 
chunks—the first an account by Sir 
Alister of an ‘unsuccessful? mass 
extra-sensory perception experiment, 
the second a thirty page dicussion by 
Harvie of probability theory and how 
puzzling it all is; the third a long essay > 
by Koestler on some of the strange 
things that have happened to him, his . 
friends and his correspondents. The 
majority of the strange things, I has 
toeadd, are somewhat more marvell 
than the CRE 727 example. Har 
experiment incidentally—a group ESP © 
test in the Caxton Hall—was only 
unsuccessful in that no evidence of 































- =- Koestler stands 
= actually use the word ‘pyramidology’ 
= but Hke the pyramidologists he clearly 


a us nothing whatsoever 


physics. 
E to concede this. 


— - Koestler’s segment 








pathy was demonstrated. A sub- 
sequent and more elaborate search 
through the data revealed peculiar 
similarities in the guessing patterns of 


_ people seated near to each other in the 
group test. 


There are of course a 
number of possible explanations for 


a such a finding, but Sir Alister con- 


siders it to be an example of “the 
coincidental coming together in time 
of similar ideas”. But what, he asks, 
“do we mean by coincidence anyway? 
-This leads with a bump into the statis- 
-tician’s contribution, where again the 


-= jnner meaning of the word coincidence 
4s explored. Here the argument appears 
to. be that if you riffle about long 

enough with sets of numbers you'll dis- 


er peculiar sequences in them—but 
oner than you ought to have done 
chance. Somewhere about here one 
osses the transitional zone between 
-statistics and pyramidology and I must 
| confess to not being absolutely clear 
Con occasions on which side of the zone 


<io Mr Harvie lies. 


One is left in no doubt where Mr 
however. He doesn’t 


believes that man should be very alert 
to the hidden meanings buried in the 
depths of what appear to be fairly 
straightforward objects or events. His 
section of the book is a compendium 
of the bizarre and the unlikely— 
psychic visions, poltergeist-like raps, 
unusual dreams, chance meetings in 
strange places and, of course, corres- 
pondences of the mystic car number 
variety. From here he argues that the 
sheer weight of human testimony to 
the vast array of oddities of this kind 
forces one to dispose of the word 
‘chance’ in an explanatory role. Chance 
itself is a meaningless word which tells 
about the 
universe and merely allows us to duck 


the issue of why such things happen so 


that we can preserve the creaky yet 
primary principle of causality. In his 
- final” section, ponderously titled 
“Speculations on Problems Beyond our 
Present Understanding”, he returns to 
the theme of his previous work, 
“Roots of Coincidence”, arguing that 
_ the peculiar phenomena of parapsycho- 
logy are no longer peculiar in the light 
of recent discoveries in quantum 
“Enlightened physicists’ he 
tells us patronisingly, are now willing 
The book is a frank 
statement of personal opinion and 
| in particular is 
highly readable. There’s also not much 
doubt that it will be sweet music to the 
ears of thousands of readers, including 
a fair number of scientists who retish 
the anti-materialistic backlash which 
Koestler so heartily champions. Curi- 
¿< ously, I think it is the patapsycho- 
= ogists, or at least those who have spent 


their lives attempting to trap the 
alleged and elusive phenomena of ESP 
by using the methods of experimental 
psychology, who will find the book most 
disquieting. For if there is a central 
argument which emerges it is that 
there are facets of the Universe—large 
facets of it—which will resist and even 
reject study by the traditional methods 
of science. This, the book implies, is 
the principal reason for parapsycho- 
logists’ signal lack of progress in at- 
tempting to ‘prove’ the existence of 
ESP. A discouraging argument I would 
have felt, and if anyone cared to apply 
it to other areas of science, the con- 
sequences for research could be pretty 
peculiar. Most scientists therefore will 
find this a glum rather than a hearten- 
ing book. Perhaps ‘glumly entertaining’ 
would be the best way to describe it. 
CHRISTOPHER EVANS 


Thrips 


Thrips: Their Biology, Ecology and 
Economic Importance. By Trevor 
Lewis. Pp. xv+349. (Academic: 


London and New 
1973.) £7.80: $22. 


THe Thysanoptera are a very interest- 
ing and important group of insects 
which are often ignored, apart from 
a few economically important species, 
such as the cereal thrips (Limnothrips 
cerealium) or the onion thrips (Thrips 
tabaci). The literature on this group 
is therefore very scattered, and this 
book fulfills a long-standing need by 
bringing together a large part of this 
information into one place. It is not 
a book to be read from cover to cover, 
it is far too concentrated for that, but 
small doses from parts of it make 
fascinating reading for the general 
entomologist. It is a book that would 
form a valuable addition to the book- 
shelf of any entomology or ecology 
laboratory. 

It tries to cover a very wide field 
indeed, often with rather scant infor- 
mation, as this is all that exists. It 
includes sections on the general biology 
of the group, rearing and sampling 
techniques, ecology and economic im- 
portance. This wide coverage, while 
revealing the enormous gaps in our 
knowledge, does mean that the avail- 
able information from both the pure 
ecological literature and the applied 
literature is brought together, and this 
in itself makes the book worth having. 

On the whole the book is well pre- 
sented and the numerous appendices 
are particularly useful. There is how- 
ever a number of annoying details. For 
example, I should have liked to see 
the plates distributed at relevent places 
in the text, instead of collected at the 
end, and why put Fig. 47 (a) on page 
135 and Fig. 47 (b) and the legend 
overleaf on page 136? Comparison 
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would have been very much easier if 
they had been on facing pages. Errors 
and inconsistencies inevitably creep 
into compendia of this sort, but are 
very few in the present case, for 
example the corrected catch of thrips 
at Silwood Park is given on page 205 
as “about 18,900 individuals’? whereas 
over the page in Table 24 it is given 
as 19,900. 

The author on the whole has done 
a good job and this book deserves to 
be widely used, and will no doubt 
retain its usefulnes for a long time. 

S. MCNEILL 


Marine mathematics 


The Structure of Marine Ecosystems. 
By John H. Steele. Pp. x+128. (Black- 
well Scientific: Oxford and London, 


1974.) £2.75. 
THis “short work” (the author’s 
words) consists of what, otherwise, 


might have appeared as two or three 
research papers, preceded by a general 
discussion about problems of investi- 
gating marine ecosystems and followed 
by some speculations about the im- 
pact of man’s activities. The core of 
the book is the author’s mathematical 
simulation of the pelagic ecosystem 
in the northern North Sea, presented 
as typifying open sea environments in 
temperate or sub-arctic waters. 

As Dr Steele says, models of this 
kind reveal the lacunae in one’s know- 
ledge and so determine the kinds of 
research needed in the field and labora- 
tory. In particular, the model helps to 
assess the validity of simplifications and 
identify the points at which greater 
detail is required. 

The book serves these objectives 
admirably. In addition, it provides 
growing points for debate on topics 
such as the differences between terres- 
trial and marine ecosystems, or the 
significance of ecologists’ icons such 
as diversity, stability, efficiency, food 
webs and food chains. In conclusion, 
Dr Steele argues that the most critical 
parts of marine ecosystems, and the 
points at which man’s activities im- 
pinge most seriously, are at the levels 
of pelagic herbivores and benthic 
micro-organisms. He suggests that an 
increasing effort should be devoted to 
studies of structure and dynamics at 
these “lower levels” of the system. 

The book is amply illustrated with 
results of Dr Steele’s own research; 
there is an unexpected and probably 
unnecessary glossary, a short but valu- 
able list of references and a totally 
inadequate index. It would be a valu- 
fble addition to the personal and in- 
stitutional libraries of ecologists of all 
kinds, those who read equations as 
well as those who do not. 

R. S. GLOVER 
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Stratigraphy 


: The Boreal Lower Cretaceous. Edited 
‘by R. Casey and P. F. Rawson. Pp. 
448. (Proceedings of a symposium 
‘organised by Queen Mary College, Lon- 
don, and the Institute of Geological 
Sciences, September 1972; Geological 
Journal Special issues no. 5) (Seel 
House: Liverpool, 1973.) £9.75, 


THis book has been published with the 
commendable speed and in the attrac- 
tive form that one has come to expect 
from the Seel House Press. Owing to 
its rather specialised nature it will, 
however, appeal to a more limited 
audience than the previous geological 
volumes in this series. The work is 
basically a well organised and pre- 
sented compilation of stratigraphic and 
palaeontological data for a substantial 
sector of the northern hemisphere by 
thirty-two authors, mostly English but 
with a good representation of leading 
authorities from North America, 
France, Germany, Denmark, Poland 
and the Soviet Union. All the articles 
are in English, with brief summaries 
in French and German, 

It would be both pointless and be- 
yond the scope of a brief review to 
comment much on individual articles, 
which range from syntheses of recon- 
naissance work in large, relatively un- 
explored territories to reassessments of 
classic European localities, but I should 
perhaps single out Casey’s substantial 
contribution on  Jurassic—~Cretaceous 
boundary beds in Europe as being 
especially welcome, because at last he 
has been persuaded to publish fully, 
with good illustrations of ammonites, 
the data on which are based his inter- 
esting conclusions on regional correla- 
tion. His views on the position of the 
Jurassic-Cretaceous boundary are well 
argued, but he has not managed to con- 
vince what one might term the Russian 
school of workers. A consensus on the 
subject seems as far away as ever. The 
overall tone of the articles is one of 
caution and sobriety, so that one greets 
with raised eyebrows the bold palaco- 
geographic reconstructions of H. G. 
Owen, based on the concept of an Earth 
expanding rapidly at least from the 
early Mesozoic to the present day. To 
paraphrase the molecular biologists, he 
has thereby offended against the ‘central 
dogma’ of current earth science, namely 
plate tectonics. For those with neither 
the time nor the inclination to plough 
through the detail, the editors provide 
a lucid summary of the proceedings in 
the concluding article. . 

The outstanding scientific problem 
concerning the boreal Lower Crema- 
ceous is the cause of the differentiation 
of the ammonite, belemnite and to a 
lesser extent other invertebrate faunas 
from those of the more extensive 


Tethyan Realm. It is welcome to have 
many pertinent distributional data 
brought together in one volume, but 
disappointing that very few authors 
have properly got to grips with the 
problem. All too many seem content 
to present conventional stratigraphic 
descriptions and discuss matters of cor- 
relation, all very necessary as a frame- 
work for environmental interpretation 
but decidedly unstimulating. Those who 
do try to account for faunal provinces 
have little new to offer. Most favour 
some sort of temperature control, while 
varying salinity and palaeogeographic 
configurations are proposed as subor- 
dinate factors. What I missed is an 
awareness of the great strides recently 
made in ecological understanding, with 
the introduction of new concepts such 
as environmental stability which may be 
highly relevant to the matter in ques- 
tion. Furthermore, nobody has made 
much progress in gathering quantitative 
data for particular fossil groups on 
density, diversity and distributional 
changes in relation to sedimentary 
facies, palaeolatitude and so on to test 
particular hypotheses. I sensed that 
many of the workers in the field are 
quite satisfied if they can describe and 
correlate their strata more accurately 
than before, and that they regard pene- 
trating enquiries into cause and mean- 
ing as somewhat beyond their scope. 
Where problems of environmental in- 
terpretation are dealt with it is often 
in a somewhat token manner, as though 
they were of secondary importance. I 
hope that they are deterred by modesty 
rather than complacency or unimagi- 
nativeness. Perhaps the term used to 
describe their discipline is unduly in- 
hibiting. In the wake of the dramatic 
advances being made in other branches 


of earth science there could be today 


and more 
A. HALLAM 


rather less stratigraphy 


stratology. 


Thin layer chromatography 


Inorganic Chromatographie Analysis. 
By Jan Michal. Translation Editor: 
Julian F. Tyson. Pp. x+217. (Van 
Nostrand Reinhold Series in Analytical 
Chemistry.) (Van Nostrand: London 
and New York, March 1974.) £9. 


Tue original Czechoslovak edition of 
this book appeared in 1970 and the 
present English translation is therefore 
some four or five years out of date. 
With the dramatic advances in high 
performance column chsomatography 
which have occurred since 1969 a book 
dealing almost exclusively with paper 
and thin-layer techniques (PC and 
TLC), and making no mention of high 
performance liquid chromatography or 
gas chromatography is now rather 
dated. This would not necessarily be 




































too serious if the author had g 
authoritative account of the prin 
and current equipment, and if: hi 
followed this by a. 
the application 
inorganic chemi 
of principles is { 
newcomer would g 
sight into the ke 
retention and disper 
bands in chromatogra 
have to look elsewher 
to-date information on ec 
and he would have great dif 
assimilating the mass of analyti 
formation presented uncritical 
form of a long series of rect 
particular separations, and analy 
This book cannot be recomt 
with any enthusiasm, but it may pr 
useful as a starting point for 
who wishes to review PC a 
methods before about 1968, 
preliminary to devising high- 
mance column methods for 
specific separation: but even- he 
value is prejudiced by the poor st 
index and the entire absence o 
author index. © J. H. Kes 





Cani ameca physics S 


Reaction Dynamics. By F S 
and H. Feshbach. Pp. vii+216 
ments on Modern Physics: Y 
and Breach. New York, London 
Paris, July 1973.) £6.65 cloth; £: 

paper. ee 


I was rather disappointed on openin 
this book to find that is was base 
notes taken in some of the lec 
of the Latin American Schoo 
Physics in 1968. Is it really wort 
publishing a book in a field of rese 
as rapidly changing as nuclear | 
some five years after the event? 
reading it I am still not completel ; 
convinced. e 
Levin, whose spateibution ‘takes up 
over three quarters of the book, has _ 
helped somewhat by giving a list of. 
supplementary references up to 1972. 
He makes a survey of many of the 
“recent” developments in direct nuclear Ae 
reaction theory, mainly in the descrip 
tion of low energy single particle | 
transfer reactions, such as deuteron oo 
stripping. It reads rather like a good 
review article, with its thorough com- 
parison of theoretical predictions with __ 
experiment in over a hundred figures. 
Most of these predictions were obtained 
using the distorted wave Born approxi- 
mation (DWBA), which is the standard 
way of analysing experimental data. 
and some space is given to a discussio 
of the reliability of this as a too 
the extraction of spectroscopic. fas 
There are ample results on polarisation __ 
calculations and the extension. of the = 












450 


DWBA to coupled channel problems. 
As an alternative theoretical frame- 
work, Levin ends with a description of 
the much more controversial stripping 
theory of Butler and co-workers, com- 
paring it with both the DWBA and 
experiment. 

The article of Feshbach is very diff- 
erent in character. In just 45 pages it 
describes some of the features of the 
theory of nuclear reactions which the 
author and his collaborators at MIT 
have developed over the years. Central 
to this is the interplay between the 
prompt reactions (the direct reactions 
discussed by Levin) and the time- 
delayed ones involving the formation 
of compound nuclei. By the elimination 
of the time-delayed components, he 
shows how an optical model descrip- 
tion of the prompt reactions can be 
formulated, stressing the importance 
of energy averaging in the scheme. 
This division into prompt and delayed 
reactions is of course oversimplistic 
and Feshbach finishes by considering 
reactions asociated with characteristic 
times intermediate between these two 
extremes, such as doorway states, Un- 
like the Levin work, these feel much 
more like lecture notes, intended to 
give the student a broad overall impres- 
sion of the field. CoLIn WILKIN 


Light on molecules 


Organic Molecular Photophysics. Vol. 
1. Edited by John B. Birks. Pp. xvn+ 
600 (Wiley Monographs in Chemical 
Physics.) (Wiley-Interscience: London 
and New York, July 1973.) £13.50. 


THis book is the first of two volumes 
aiming to provide ‘comprehensive 
coverage of the field of organic molec- 
ular photophysics’” and is intended to 
be complementary to Photophysics of 
Aromatic Molecules written by Birks. 
This volume contains ten articles, rang- 
ing in subject content from organic 
dye lasers to exciton interactions in 
organic solids, which have been written, 
on the whole, by unquestionable experts 
in their fields. 

The quality of individual articles 1s 
extremely high. For example, the treat- 
ment of radiationless transitions by 
Henry and Siebrand presents one of the 
clearest discussions on this complicated 
topic. The fluorescence characteristics 
of aromatic molecules is dealt with 
thoroughly in two chapters, one by 
Stockburger, considering low pressure 
environments and the other, by Offen, 
dealing with fluorescence and absorp- 
tion effects at high presures. Triplet- 
triplet absorptions are discussed from 
an experimental standpoint by Labhart 
and Heinzelmann who compile much 
of the data available up to 1971. There 
is perhaps some overlap in tabular con- 
tent between this chapter and “Photo- 





physics of Aromatic Molecules”. Dye 
lasers are dealt with from an experi- 
mental and occasional mathematical 
approach by Snavely; it is a pity that 
there is little mention in this article 
on their obvious uses in, for example, 
high resolution spectroscopy or fluores- 
cence studies of vibronic states. Klopf- 
fner deals thoroughly with intermolecu- 
lar exciplexes. The first chapter on the 
spectroscopy of pi-electronic states 
(by Birks) is introductory in nature and 
those familiar with the author’s first 
work in this series will find the chapter 
less useful than the rest of the book. 
Other articles are written on diffusion- 
controlled rate processes (Alwattar, 
Lumb and Birks), electron photoejec- 
tion from aromatic molecules in con- 
densed media (Lesclaux and Joussot— 
Mubien) and exciton interactions in 
organic solids (Swenberg and Gaecin- 
tov). 

I found it difficult to regard the 
collection of articles as ‘“‘integrated”’ 
since the book reads more like a high 
quality “Advances in. ” series. It 
could be argued that most of the review 
articles are available elsewhere although 
not in a single volume. I hope that 
the high standard of individual articles 
is maintained in volume 2, This volume 
would be a very useful addition to the 
library of individual researchers 
engaged in photochemistry and photo- 
physics although it would not be 
essential. M. A. WEST 


Atmospheric chemistry 


Chemistry of the Lower Atmosphere. 
Edited by S. I. Rasool. Pp. xii+335. 
(Plenum: New York and London, 
1973.) $26. 


THE book is a collection of six chapters 
on various aspects of atmospheric 
physics and chemistry by six different 
authors. Like all such collections it is 
variable in emphasis, standard and 
depth of treatment of subject. Because 
of this it is difficult to decide to what 
audience the book is aimed. 

Dealing with each chapter in turn, 
the first of about 60 pages entitled 
“Role of Natural and Anthropogenic 
Pollutants in Cloud and Precipitation 
Formation”, by Professor H. R. Prup- 
pacher of UCLA, does no more than 
summarise what can be found in the 
standard texts on cloud microphysics. 
Although lip service is paid to the im- 
portance of cloud dynamics, that is 
the air motions leading to cloud con- 
densation, afld the interaction between 
cloud microphysics and dynamics, in 
fact the chapter is almost exclusively 
devoted to the microphysics of clouds. 
There is nothing on the possible modi- 
fication of precipitation due to anthro- 
pogenic pollutants except a brief un- 
critical reference to some evidence that 
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urban areas experience more precipi- 
tation than their adjoining rural en- 
vironment. 

The next chapter, of about 40 pages 
on “Particulate Matter in the Lower 
Atmosphere” by Dr R. D. Cadle of 
NCAR, is a standard review of the 
main physical and chemical properties 
of the tropospheric and stratospheric 
aerosols, The sections on aspects of the 
atmospheric sulphur cycle and the 
scavenging processes for particulates in 
the troposphere duplicate more exten- 
sive treatments of these aspects in Tater 
chapters. 

The third chapter is on “Removal 
Processes of Gaseous and Particulate 
Pollutants” by Dr G. M. Hidy, and jis 
perhaps the best chapter in the book. 
It contains a scholarly and comprehen- 
sive treatment of the atmospheric scav- 
enging processes. 

“The Global Sulphur Cycle” is the 
title of the next section (24 pages) by 
Dr J. P. Friend. It summarises effec- 
tively the current state of knowledge 
of sources, sinks and reservoirs of 
sulphur. It is nice to see an author 
emphasising the limitations of his treat- 
ment. 

The next contribution of 46 pages 
is perhaps the one closest to the central 
theme of the book, in that it deals with 
“The Chemical basis for Climate 
Change”. The authors are Drs Schneider 
and Kellogg of NCAR. In it are des- 
cribed the qualitative arguments used 
to ascribe possible casual relationships 
between changes in atmospheric com- 
position and climate. It also gives the 
reader some feel for the vast problems 
involved in any worthwhile quantita- 
tive modelling of climatic change. 

The last chapter of 79 pages, by Dr 
C. D. Keeling, is devoted to the carbon 
dioxide cycle. It could be argued that 
the mathematical detail contained in 
this chapter is out of proportion to that 
in the rest of the book, but nevertheless 
it gives a very real insight into the 
various interacting factors concerned 
with the atmosphere. the oceans and 
the biosphere which control the concen- 
tration of CO» in our atmosphere. 

In summary, the book has little to 
offer those workers actively engaged 
in the fields of atmospheric chemistry 
and meteorology. But at a time when 
more and more scientists outside the 
fields of atmospheric physics and 
chemistry are taking an interest in pol- 
lution matters, this book provides a 
useful introduction to some aspects of 
the subject. P. GOLDSMITH 


Erratum 


Phe price given for Comparative Verte- 
brate Morphology by Douglas and 
Molly Webster (reviewed in Nature, 
249, 866: 1974) was incorrect; it should 
have been $14.95 and £7. 
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One giant ma 


by John Gribbin 


On suLy 20, just five years to the day 
since Neil Armstrong and Edwin Aldrin 
stepped on to the ‘Moon, the BBC 
broadcast, with much huffing and puf- 
fing from its publicity machine, “Moon- 
walk One”; “. . .a NASA-commissioned 
documentary which records the moon 
landing adventure in minute and 
breathtaking detail”, to quote from the 
Radio Times. 

Minute the detail may have been, but 
the programme was hardly breath- 
taking, except insofar as the encourage- 
ment of yawning could be said to con- 
stitute a breathtaking spectacle. This 
was an opportunity missed on the grand 
scale; a film which should be preserved 
as a guide to producers in how not to 
present exciting science on television. 

Shots of Saturn rockets taking off are 
now something of a cliché, but still 
sufficiently spectacular to justify inclu- 
sion in such a supposedly definitive 
feature. But there was little further 
material with a comparable visual im- 
pact, in spite of the existence of miles 
of such film in the NASA archives. The 
reason for this seems to have been a 
desire on the part of the makers to use 
only genuine Apollo 11 material, in 
line with the programme's title. 
= That would be laudable enough if the 
material was any good, but it simply is 






obituary 


not. To me, the most dramatic thing 
about the first Moon landing was that 
it was covered live on TV around the 
world. As far as I know, this was just 
about the only aspect of the mission 
not predicted by the science fiction 
writers. 

But in retrospect those first pictures 
were not at all good. Since Apollo 11, 
we have become even more blasé 
about the TV coverage of Apollo, and 
used to pictures which are not just 
shaky grey blurs labelled “Live from 
the Moon”, but rather in full colour 
and coming from a camera which is 
controlled from Earth so that we can 
watch the astronauts at work. 

The answer, surely, would have been 
to produce a documentary not just 
about Apollo I1 but about the whole 
Moon adventure, using material from 
the later missions which is so ideally 
suited to the TV medium. As it was, 
whether through the paucity of good 
Apollo 11 material or as policy, “Moon- 
walk One” fell back on long, boring 
sections of padding. Shots of row upon 
row of the ‘backroom boys’ at Houston 
no doubt brought a warm glow to the 
hearts of their Moms and kids back 
home, but told us little of the excite- 
ment and importance of the mission. 
And views of good American citizens 
flocking lemming like to the beach to 
watch the launch will no doubt provide 
useful information for sociologists 
studying the phenomenon of how dra- 
matically public interest in the Apollo 





































in the same ae! as he famous 
lation’ which filled in the gaps when 
live Apollo broadcasts were being 
Some heretics, indeed, have bi 
to argue that the simulation. 
ally, the best part of those- 
they have a point, but perhaps tho 
them who watched “Moonwalk 
were mollified by the segment 
Buck Rogers’ film clips. These pro 
the dramatic highlight of the- 
gramme, which declined monoton all 
in interest for its final hour. 

The tone of the whole proce 
perhaps best summed up by not 
the Radio Times even failed t 
Armstrong’s famous and car 
rehearsed ad lib correctly: “Ons 
step for man, one big step for- 
kind”, they said. None out of te 
effort; whoever wrote that should 
encouraged to take a giant leap. 

But faith in the American way 
life and a genuinely breathtaking s 
tacle was provided to soothe the hea 
brow within an hour of the e 
“Moonwalk One”. “Sergeant Bi 
starring Phil Silvers—now, that 
worth staying up late for. 
















L. C. Dunn 


Lestige C. Dunn, one of America’s 
oldest and most influential geneticists, 
died unexpectedly on March 19, 1974 
still active in a scientific career which 
spanned more than sixty years, en- 
compassing almost all of the develop- 
ment of modern genetics. His early 
work established some of the first cases 
of linkage in mammals, and he was the 
first to demonstrate similar degrees of 
linkage between what seemed to be 
the same kinds of mutations in two 

distinct species, mice and rats. This 


led him te recognise that Mendelian 
analysis could yield clues to genetic 
homologies and relationships among 
species, and thus be applicable to 
understanding the evolution of natural 
populations, and formed the basis of 
his life-long interest in what was to be- 
come population genetics, His chief 
work, however, continued‘to be genetic 
analysis, and the major efforts of his 
laboratory centred on the analysis, by 
both genetical and embryological 
methods, of mutations expressed in 
early stages ofe embryonic life. The 
greatest part of this work concerned 
one extensive series of mutations at a 


complex region (T) in the - ‘mouse, OO 
where he and his colleagues analysed a o 
number of mutations which identified 
genetic factors essential to early em- 
bryonic development. After the ele- 
ments of this system had been identi- 
fied in laboratory mice, his interest > ; 
in natural populations led him to ex- 
amine feral groups of Mus for. the. 
presence of these mutations. Most-of- 
such populations ijn North Am 
and Europe proved to be polym: 
for variant genes, usually embr 
lethals or semilethals, belongi: 
T series. In searching for expla 
of how lethal genes could be 






















452 


tained at high frequencies in natural 
populations, he found that all alleles 
at this locus found in the wild were 
transmitted by heterozygous males to 
90-99%, of their offspring. This evolu- 
tionary force—gametic selection—was 
thus more powerful than the force of 
natural selection which would eliminate 
homozygous embryos. 

In addition to these purely scientific 
activities, Professor Dunn was con- 
vinced that relations between nations 
and cultures could be improved by us- 
ing scientific collaboration as a bridge. 
AS an army officer returning from 
Europe in 1919, he helped to provide 
agencies in the Soviet Union with 
scientific and technical literature use- 
ful in the new state which arose from 
the revolution of October, 1917. He 
visited the Soviet Union in 1927 at the 
time of the 10th Anniversary of the 
Revolution and thereafter remained in 
close contact with the active school of 
genetics there. During the Second 
World War he was President of the 
American—Soviet Science Society which 
undertook the exchange of scientific 
and technical publications. The same 
interest in international scientific col- 
laboration was responsible for his part 
in organising facilities in the USA for 
enabling scholars displaced by the Nazi 
takeover of 1933 to continue their 
work in American universities. 

What began then as the Emergency 
Committee for German Scholars be- 
came, as fascism spread, The Emer- 
gency Committee in Aid of Displaced 





Scholars, and he served as a member 
of its Executive Committee from 1933 
until its dissolution in 1947, 

Always interested in questions of 
race, he began in 1933 actively to apply 
biological ideas to social and political 
questions, and to speak and = write 
about heredity in relation to racial 
prejudice in ways designed for the 
general public. This led, in collabora- 
tion with his friend and colleague, Th. 
Dobzhansky, to the publication in 1946 
of Heredity, Race and Society, a book 
which has now appeared in almost all 
languages, and subsequently in 1951 to 
a Unesco Report, Race and Biology; 
both of these were fundamental in 
establishing the then novel view of 
human races as populations differing in 
the relative frequencies of genes shared 
by most populations. 

These activities were an expression 
not only of his interest in science as an 
instrument of international education, 
but of his view that, to be effective, 
efforts of this sort had eventually to 
achieve a political forum. Other ex- 
pressions of the latter view can be 
found in advisory and = consultative 
work beginning in 1940 in aid of efforts 
to devise a means for the support of 
science by the United States Govern- 
ment. He was involved in early drafts 
of legislation which are predecessors of 
that which finally brought about the 
creation of the United States National 
Science Foundation in 1950. 

Professor Dunn received the ScD 
from Harvard University in 1920, and 
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after a time at the Agricultural Experi- 
ment Station in Storrs, Connecticut, 
joined the Faculty of Columbia Univer- 
sity as Professor of Zoology in 1928. 
At the time of his death he was Emeri- 
tus Professor and Senior Research 
Scientist at Columbia. He was a mem- 
ber of the National Academy of 
Sciences (USA), the American Aca- 
demy of Arts and Sciences, the 
American Philosophical Society, the 
Norwegian Academy of Arts and 
Sciences. and the Academia Patavnia: 
he had been President of the Genetics 
Society of America, the American 
Society of Naturalists, and the Amert- 
can Society of Human Genetics. He 
also served on many editorial boards, 
and was for some years managing 
editor of Genetics, and later of the 
American Naturalist, the oldest bio- 
logical journal in the United States. In 
addition to Heredity, Race and Society, 
his books include Principles of Gene- 
tics, Heredity and Evolution in Human 
Populations, and A Short History of 
Genetics. 

His associates imn all his various 
endeavours will remember him for his 
stubborn integrity, his sure and im- 
mediate grasp of the essentials of any 
problem or situation, and his complete 
freedom from pretence or self impor- 
tance of any kind. Many of us who 
knew him will continue to measure 
our own success by the degree to which 
we live up to the standards which he 
set. 





Announcements 


Awards 


The Barclay Prize of the British Insti- 
tute of Radiology has been awarded to 
Godfrey Hounsfield and James Am- 
brose. 


Corrigendum 


In the article “Batesian mimicry with- 
out distastefulness” by D. O. Gibson 
(Nature, 250, 77; 1974) the quotation in 
the penultimate sentence should read 
. in the population ‘the selective dis- 
advantage of being common begins to 
outweigh the advantage of being 
conspicuous™ and predation will 


Reports and Publications 


Great Britain 


British Antarctic Survey. Scientific Reports, No. 66: 
Crustal Structure of the South Shetland Islands and 
Bransfield Strait. By W. A. Asheroft. Pp. 43. (London: 
British Antarctic Survey, Natural Environment 
Research Council, 1972.) £2.25 net. 1136 

The Grassiand Research Institute. Annual Report for 
1973, Pp. 88. (Hurley, Maidenhead: Grassland Research 
Institute, 1974.) £1.50, [176 

The Kent Incorporated Society for Promoting Ex- 
periments in Horticulture. East Malling Research 
Station Report for 1973 (ist October, 1972 to 30th 


September, 1973.) Pp. xH + 240. (East Malling, Maid- 
Stone: East Mating Research Station, 1974.) £1.50: $8, 
[176 

University of Oxford. Tenth Annual Report of the 
Delegates of the Science Area for the year ending 34st 
July 1973. Pp. 149, (Supplement No. 4. to the University 
Gazette, April 19749 (Oxford: The University, 1974.) 
EE, {176 
o Medical Research in too Important to the left to the 
Researchers, By Professor W. S, Peart. (Lecture given 
at the Roval Institution, London, on Rih October, 
1973, ta mark the 25th Anniversary of the Foundation 
of the Glaxo Volume}. Pp. 16. (Greenford, Middx.: 
Glaxo Laboratories, 1974.) {176 
The British tistitute of Radiology. Annual Report 


9731974. Pp. t0. (London: The British Institute of 


Radiology. 1974.) fi9%6 
Research Fields in Physics at United Kingdom 
Universities and Polytechnics. Pp. xv : 343. (Londen 
and Bristol: The Institute of Physics, 1974.) £7. $12.50., 
{196 

First Report of the Advisory Board for the Research 
Councils, Pp. 28. (Cmnd, £633). Londen; HMSO, 
1974.5 20p net. (206 
University Grants Committee. Statistics of Education 
1971. Vol. 6: Universities. (Department of Education 
and Science Series.) Pp. xxxvi | 149, (London: HMSO, 
1974.) £2.90 net, {206 


{ 20; 

Research and Development in France. Pp, 36. 

(London: Ambassade de France, Service Scientifique, 

'O74,) REES 
@ 


Other countries 


_ Word Health Organization—-International Agency 
for Research on Cancer. IARC Monographs on the 
Evaluation of Carcinogenic Risk of Chemicals to Man. 
Vol. 4: Same Aromatic Amines, Hydravine and Related 
Substances, N-nitroso Compounds and Miscellaneous 
Alkylating Agents, Pp. 286. S®. fr. 18. Vol. 5: Some 
Organochiroine Pesticides. Pp. 241. Sw. fr. IS. 
(Geneva: WHO: London: HMSO, 1974.) {ike 

Smithsonian Contributions to Botany, No. g3: 


Swollen-Thern Acacias of Central America. By 
Daniel H, Janzen. Pp. (3b. (Washington, DC: Smith- 
sonmian Institution Press, 1974. For sale by US Govern- 
ment Printing Office.) $2.38, {186 

Smithsenian Studies in History and Technology, No. 
24: Wheels and Wheeling—-The Smithsonian Cycle 
Collection. By Senth Hempstone Oliver and Donald H. 
Berkebile. Pp.» = 104. (Washington, DC: Smithsonian 
Institution Press. 1974. For sale by US Government 


Printing Office.) $1.90, [IRS 
Onechocerciasis ; Symptomatology, Pathology, 


Diagnosis. Edited by A. A. Buck. Pp. 80. (Geneva: 
WHO: London: HMSO, 1974.) Sw. fr. £2. {186 

Guidelines for the Laboratory Diagnosis of Cholera. 
Prepared by the WHO Bacterial Diseases Unit. Pp. 23, 
(Geneva: WHO: London: HMSO, §974.)5w. fr. 5. £186 

Alfred P. Sloan Foundation, Report for 1973, Pp. 
vil: 79. (New York: Alfred P, Sloan Foundation 630 
Filth Avenue, 1974.3 [i86 

Smithsonian Contributions to Zoology, No. 156: A 
Revision of North American Cupituphorus Van der 
Goot and Pleatrichoploras Borner (Homoptera: 
Aphididae), By Leonia Alzate Corpuz-Raros and 
Edwin F. Cook. Pp, iv i438, (Washington, OC: 
Smithsonian Institution Press, 1974. For sale by US 
Government Printing Office.) $2.25. {196 

World Meteorological Organization. Technical Note 
No. 133: An Introduction to Agrotopociimatology. By 
L. B. MacHatue and F. Schnelle. Pp. xH + 34, 
(Geneva: WMO, 1974.) {196 

Office de fa Recherche Scientifique et Technicue 
Outre-Mer. Collection Travaux et Documents de 
ORSTOM. No. 28: Kinkala~Erude d'Un Centre 
Urbain Secondaire au Congo- Brazzaville. Par Alaun 
Auger. Pp. [32. (Paris et Bondy: ORSTOM, 1973.) 42 
francs, {196 

Australian Academy of Science. Science and Industry 
Forum. Report No. 8: The Future Education of 
Scientists. (Papers delivered at the [3th Forum Meeting, 
il February 973.) Pp. 53. (Canberra: Australian 
Academy of Sciences, 1973.) [206 

Wortd Health Organization. Technical Report Series, 
No. 3546. Assessment of the Carcinogenicity and Muta- 
Benticiy of Chemicals-—-Report of a WHO Scientific 
Group. Pp. 19. Sw. fr, 4. No. 348: Planning and Organ- 
vation of Geriatric Services-—Report of a WHO 
Expert Committee. Pp. 46. Sw. fr. 5. (Genewa: WHO 
London: HMSO, 1974.) [216 

Australian Academy of Science -~- Descriptive 
Brochure. Pp. 27. (Canberra: Australan Academy of 
Science, 1974.) {216 
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Classified Advertisements 


CONDITIONS. All advertisements will only + @ 

be accepted on the condition that the advertiser es 

warrants that the advertisements do not in any 

way contravene the provisions of the Trade i 

Descriptions Act 1968 and the Race Relations Act è bad vig ft 
1968. The Publisher aiso reserves the right to fl S esearc a 
refuse, amend, withdraw or otherwise deal with l ny 
all advertisements submitted to him at his absolute i 
discretion and without explanation. All advertise- 


i ith the British Code of z , . 
Advertising Praticar C no OS ods o Radio Pharmaceuticals 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 


appear from any cause whatever, nor do they Our client is a world leader in research based materials for medicine, 








peace AIR ate ree he tara ea research and industry. Continuing commercial success has created the need 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, for two additional research and development scientists. Each should be 
eee ean E 175.00. KA E a peat E capable of designing, executing and analysing experiments and of leading 
direction of replies to advertisements with a box a small team. Pension; housing assistance. Salary up to £3,500, Please 
ADVERTISEMENTS SHOULD BE ADDRESSED telephone (01-629 1844 at any time) or write — in confidence ~ for 

TO: T. G. Scott and Son, Limited, | Clement's Inn, information to Dr. Clive Jones quoting appropriate reference: 


London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2. 





Animal Autoradiography 


APPOINTMENTS VACANT _ To establish an effective animal testing unit and to take responsibility 
nae for individual research projects. Expertise at both microscopic and o 
UNIVERSITY OF ALBERTA macroscopic levels is called for together with a proven record of scientific 
DEPARTMENT OF ENTOMOLOGY ability in research or research development. The successful candidate, 
Applications are invited for the position of 25 to 35. could come from a number of disciplines but biological- 
ASSISTANT PROFESSOR, effective April 1, 1975. s PCs eas ; | š 
Qualifications are Ph.D. 'with postdoetolal expe- biochemical expertise would be particularly welcome. Ref. U.5593. 


rience in insect physiology and interest in aspects 

of this field applicable to agricultural or forest Py + 
entomology. Duties include teaching courses in A I Ph ] gy 
general or applied entomology and insect physio- hima S10 o 
logy, the development and direction of a research 


program ane supervision of graduate students in Leading a small team he would initially strengthen and extend existing 

insect physiology and in application of some E E EPA , aE ic “AR atywween 72 ili ide: 

aspect of physiology to agricultural or forest en- facilities and procedures. Candidates, aged between 25 to 35, will ideally 

ee. Darga starting salary $14,043. have, in addition toa degree in Pharmacology, experience in metabolism 
ease send full curriculum vitae and names of ; ¿ siati ze Ter ; ağ 4 hi ‘aici g g 

F referees hy October 31. 1974 10. Dr George F. and appreciation of surgical techniques or a biochemical background 

Ball, Chairman, Department of Entomology, 260 Ref, U.5594. 





Agriculture Building, University of Alberta, Edmon- 
ton, Alberta T6G 2E3. (297 


NATIONAL VEGETA L a ook 
STATION SEARCH RS Management Selection Limited | 





PLANT PATHOLOGIST 17 Stratton Street, London, W1X 6DB. 
There is a vacancy fo m to assist with “ sh x 
pusbarch OW veselableo vitu OOA es. APROINNENI C] BIRMINGHAM {| GLASGOW (| MANCHESTER 


will be as a Scientific Officer (£1,702-£2,675) or l 
Higher Scientific Officer (£2,461 to £3,371), grade l l , , me 
and starting salary being determined according i E o o 
to qualifications and experience. Superannuation E A 
scheme with allowance to offset personal con- keneren aeaea 
tributions. The minimum qualification is a degree 
(or equivalent) in Botany, or horticultural or 
agricultural science, Candidates for appointment 
as ‘H.S.O, will normally be expected to have at 
least five years’ postgraduate experience, in- 


cluding experience in plant virus techniques: m Ps 
training in such work will however be given to 00 esearc IOC emis 
a less-experienced appointee. Full particulars and 

application form (to be returned by August 22, 


1974) from the Secretary, N.V.R.S., Wellesbourne, 
Warwick CV35 SEF. (417) 








RHM Research Limited at High Wycombe is the central research and 
development unit of the Ranks Hovis McDougall Group. A large team of 





SIR GEORGE WILLIAMS scientists, accommodated in modern and well-equipped laboratories and pilot 
UNIVERSITY plants, is working on a wide variety of projects covering the investigation and 
evaluation of new food sources and the development of new food products and 


Montreal, Quebec, Canada 


BET e a E SCIENCES A vacancy has arisen in the Biochemistry Department for a scientist to work 
EA shen Ne on a wide range of research and development projects in the field of food 
Te AT oye RP 006 I, Pas protein biochemistry and technology, with special emphasis on vegetable proteins. 
sistant Professors ($12,000 to $15,000) A PE The successful applicant will also be expected to be aware of development in 


upon experience and qualifications. Research these areas and those peripheral to them. 
orientated persons qualified to teach in one or 


processes. 


more of the following areas will be considered: Applicants should be completing, or have recently completed, a Ph.D. in food 
Embryology, Plant Ecology, Biostatistics, Intro- vegetable protein technology, food protein processing or fat-protein interactions 
ductory Biology. Ph.D. reqiured. Send resume jn food-stuffs. They should possess a degree of creative flair along with the 
and names ef 3 references to: bili ‘al d bo) Rar: Th kod alters 
Dr. H. Enesco, Chairman, Dept. of Biological ability to accept commercial and practical constraints, [hey should also oe 
Sciences, Sir George Williams University, Mon- willing to work as a member of a team and be able to communicate effectively 
treal, Que. HIG 1M8. (429) both verbally and in writing. 

This position will carry a salary of around £2,300 per annum along with excellent 


UNIVERSITY OF OXFORD terms and conditions of employment. 
i Please apply, quoting referense JT/SSO, to: 
DEPARTMENT OF ZOOLOGY , 


There is a vacancy for a research assistant to 
work on some aspects of insect neurophysiology 
with Dr. P. L. Miller for one year from October 
1974. Applicants should have a good Honours Lincoln Road, 

Degree in Zoology. Salary in accordance with High Wycombe, (303) 
abe end experience, Spel canon Wit Aane e RANKS HOVIS MODOUGALL LIMITED Buckinghamshire HP1Z 3QR. 

two referees, to Dr. P. L. Miller, Dept of Zoo- 

logy, South Parks Road, Oxford. (481) 


The Personne! Officer, 
The Lord Rank Research Centre, 
















UNIVERSITY OF UTRECHT 
Applications are invited for a lectureship in Theoretical biology. 
Biologists with strong mathematical background, or mathema- 
ticlans with strong biological background, could apply at the post 
on post-doctoral level. 


The lecturer will participate in the teaching activities of our 
group. Research is expected primarily on mathematical models 
of cellular and miulti-cellular processes but other areas of 
theoretical biology are not excluded. 


Appointment by September 1974. 
Salary according to qualifications, not less than Pf.2,300, per 
month. Further information can be obtained from Prof. A. 


Lindenmayer, Theoretical Biology Group, University of Utrecht, 
Heidelberglaan 2, Transitorium 11, Utrecht, The Netherlands. 


APPLIED 
SCIENTIST 


The Radiochemical Centre is a leading World 
supplier of radioactive products many derived from 
reactors. 

















We have a vacancy for a qualified Scientist to 
join the Isotope Production Unit at Harwell. The 
work willinvolve the development of methods for 
the production and control of radioactive materials 
in high-flux reactors, and for their subsequent 
control and use. 


The successful candidate should havea 
graduate level qualification in physics or 
engineering and a practical approach to problem 
solving. The salary will be at least £2,600 and is 
subject to a Threshold Agreement. Generous 
leave allowance and contributory superannuation 
scheme. Access to the staff canteen, social clubs 
and other facilities of the large UK AEA site at 
Harwell. Assistance with housing may be available. 


For further details of the post dial 100 and ask the 
operator for FREE PHONE 3557 or write with brief 
details of career and qualifications to 
Mr. Martyn Bishop, 


The Radiochemical Centre 


Amersham Bucks 
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Theoretical Biology Group 








THE EDINBURGH SCHOOL OF 


AGRICULTURE 
AGRICULTURAL 
ENTOMOLOGIST 


Applications are invited for a post in 
the Crop Health Department from candi- 
dates with post-graduate experience in 
Entomology /Nematology. 

Salary scale (under review) Grade HI 
£2,233 to £3,895 plus a cost-of-living safe- 
guard and a non-pensionable supplement 
of 44% to offset superannuation contribu- 
tions. 

Further particulars and application form 
from The Secretary, The Edinburgh School 
of Agriculture, West Mains Road, Edin- 
burgh EH9 JJG. (468) 


THE ROYAL FREE HOSPITAL 


HAMPSTEAD 
DEPARTMENT OF SURGERY 


This Department now being established 
in the New Royal Free Hospital requires 
the following to participate in projects in- 
cluding studies of blood flow, organ preser- 
vation and transplantation, cryosurgery and 
liver surgery. 


BIOPHYSICIST 

Whose duties will include supervision and 
development of all physiological apparatus 
used in the research projects. Qualifications: 
Degree in Physics or other appropriate 
Science subject. Commencing salary £1,923 
to £2,820 dependent upon qualifications and 
experience, 


MEDICAL PHYSICS 
TECHNICIAN IH 

Whose duties will include maintenance 
and use of department research monitoring 
equipment inchiding multichannel recorders, 
transducers and oscilloscopes, amongst other 
equipment. Qualifications : Appropriate 
Science Degree or HNC, ONC or HND. 
Salary: £1,845 to £2,337 depending on 
experience and qualifications. 

Further details from the Professor af 
Surgery, The Royal Free Hospital, Pond 
Street, London NW3 2QG. Tel: 01-794 0500. 

Application forms Qo be returned by 
August 22) from the Assistant Personnel 
Officer 21 Pond Street, London NW3 JPN, 
Tel: 01-794 O431, Ext. 2. (493) 


THAMES POLYTECHNIC 
SCHOOL OF BIOLOGICAL SCIENCES 


Research 
Technician 


Applications are invited for the post of 
research technician in the Division of 
Physiology and Cell Biology. The successful 
applicant wil] be expected to work with Dr. 
D. J. Beadle on the distribution of lysosmal 
enzymes in normal and = virus-transformed 
celt lines. Experience in cell culture 
methods would be an advantage. The 
appointment will be for one year in the 
first instance with a salary of £1,478 per 
annum, 


Further particulars and form of applica- 
tion may be obtained from the Secretary. 


' Thames Polytechnic, Wellington Street, 


London, SEIR 6PF, to whom completed 
applications should be returned by August 
13, £974. (498) 
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GEOPHYSICIST 


The Lamont-Doherty Geological Obser- 
vatory of Columbia University announces 
a position with the seismology group as a 
Research Associate or Senior Research 
Associate. Candidates must have a strong 


background in seismic instrumentation and 
data analysis and will be expected to lead 
existing and initiate new programs of re- 
serch involving observations of earth strain, 
tilt, and long-period seismic waves. Qualified 
candidates are invited to submit a resume 
of their qualifications, publications, names 
and addresses of three references by August 
15, 1974, (460) 





UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL / POSTGRADUATE 
APPOINTMENT 


Applications are invited for a post available from 
October 1, 1974 to work on the influence of iron 
sals on the products and mechanism of the nitro- 
sation of organic compounds, Depending on the 
qualifications of the successful applicant, the ap- 
poiniment may be made at postdoctoral level, or 
at postgraduate level permitting study for a higher 
degree. A postdoctoral appointment would be 
made at the lowest point of the university lecturer 
scale with F SSU, and a postgraduate appoint- 
ment at S.R.C, rates (£695 plus fees). The minimum 
qualification for the latter appointment is a lower 
Second Class Honours Degree. Applications with 
a brief curriculum vitae and the names and 
addresses of two referees should be sent as soon 
as possibic to Dr L. F. Larworthy, Department of 
Chemistry, University of Surrey, Guildford, Surrey, 
GUZ SXH. (494) 


ttn 


THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT OF BOTANY AND 
MICROBIOLOGY 
RESEARCH ASSISTANT required for quanti- 
talive studies on growth and photosynthetic aclivity 
of individual leaves of plants during vegetative 
growth. Graduates in Botany, Agricultural Botany 
and related subjects, or Mathematics or Statistics 
considered. Appointment for one year, renewable 
up to three years., 








Commencing salary: £830 per annum, 


Further particulars and forms from the Fa ta 
trar. (497) 


THAMES POLYTECHNIC 


SCHOOL OF BIOLOGICAL SCIENCES 
DIVISION OF ENVIRONMENTAL 
BIOLOGY 


Research 
Assistant 


Applications are invited for a RESEARCH 
ASSISTANTSHIP in this Division to under- 
take studies on the microbial dissimilation 
of the halogenated phenoxyacetate her- 
Hicides. 

Applicants should hold a good honours 
degree in Microbiai Biochemistry, Bio- 
chemistry or Chemistry. Industrial experi- 
ence and some training in Microbiology, 
are preferable though not essential. 


The successful candidate will receive a 
starting salary of £1,544 per annum, plus 
payments under the threshold agreement, 
and will be expected to register for a higher 
degree. 


Further particulars and form of applica- 
tion may be obtained from the Secretarye 
Thames Polytechnic, Wellington Street, 
London, SE18 6PF, to whom completed 
applications should be returned by August 
20. 1974. (499) 
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Workshop 
Technician 





Applications are invited for an experienced technician to 
service existing equipment and to help in the development 
and construction of new apparatus; applicants should 
hold an ONC or HNC or be an ex-Services Artificer and 
be familiar with electro-mechanical instruments for atmos- 
pheric sampling and for physiological measurement, as 
well as general laboratory apparatus; he should be able 
to work independently and would be expected to work 
on various materials and do his own machining and sheet 
metal fabrication and to work on instruments associated 
with a large exposure chamber and sampling sites away 
from the workshops. We offer 3 weeks and 3 days annual 
leave plus privilege and public holidays and salary accord- 
ing to age and experience rising to £2,451 per annum. 


Applications to The Director, Medical Research Council 
Air Pollution Unit, St Bartholomew's Hospital Medical | 
College, Charterhouse Square, London, ECIM 6BQ, 
Tel. No, 01-253 1537. 


D 
NS 


Medical Research Council 
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Bass Production 
Limited 
A member of the Bass Charrington Group 


require an 


Analytical 
Chemist 


The successful candidate will assume responsibility for 
analytical work in the Brewery. This key position involves 
the development of the analytical section, monitoring its 
performance, and managing a number of staff in a shift 
orientated department. 





Although responsibility primarily will be of a routine 
nature, adaptability of approach will be sought, as 
continually developing production processes will require 
E of existing methods, 


Applicants must possess a degree in chemistry or 
equivalent qualifications and a knowledge of biochemistry 
would be an advantage. Management or supervisory 
experience in quality control laboratories in the brewing 
industry is equally important as formal qualifications. 


The position offers a first class opportunity to acquire 
experience in the latest developments in brewing plant and 
production techniques. 


in addition to an attractive salary and fringe benefits, 
help may possibly be given in certain cases for housing to 
be available in the Runcorn New town. 





Please writ@giving brief details, of age 
and experience and present salary to: 
The Recruitment Manager, 
Bass Production Limited, . 
Whitehouse Industrial Estate, 

eRuncorn, Cheshire 






(553) 
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Economist 
FISHING INDUSTRY 


As part of a general review of the fishing industry in the Northern 
Territory, the Dept. of the Northern Territory requires the services of a 


bs onsultan 
Resource 
Economis 


To examine data on existing and potential fish resources around the 
Northern Territory and to advise on future development strategies for 
the industry in the following situations: 









(a) Maximum development within a framework of specified controls, 
such controls to include current Northern Territory Legislation and 
Policy, together with other controls imposed on the Industry by Aus- 
tralian Government policies ni respect of Taxation, Immigration, 
Transport, Education, etc. 









(b) Unrestricted maximum development. 






The Study is to be restricted to resources for which background infor- 
mation has been collated and does not extend to Aquaculture. In parti- 
cular, the Consultant should be prepared to comment on:- 






— Desirable rates of development to a given level of availablity of 
particular resources. 


— Management strategies to achieve these rates, 


~~~ Incentives if any, which may help achieve these rates or ultimate 
levels. 


— The economic advantages or disadvantages of diversification within 
the fishery. 


— Existing wage structures and modifications which may arise under 
guidelines proposed from the study. 










Applicants should be prepared to commence study in 1974 for comple- 
tion over a period of approximately three months, and it is expected 
that the successful applicant will spend an appropriate amount of time 
in the Northern Territory in consultation with local industry. 








Further details including a synopsis of the fishing industry of the 
Northern Territory and a detailed list of all available source material 
are available from:— 







The Executive Member, Northern Territory Fishing Industry Review 
a P.O. Box 2783, Darwin Northern Territory, Australia 
4. 


Applications should include appropriate personal details, summary of 
experience and any relevant publications, period available, together with 
full estimate of fees and costs including costs of travelling to Darwin 
in the Northern Territory of Australia, living expenses, Office accom- 
modation and transportation. 








Closing date: Friday 20th September 1974. 








Address Proposals: 
Assistant Director (Supply), 

Department of the Northern Territory, 
P.O. Box 4075, 

Darwirf Northern Territory, Australia 5794. 


Telephone No: 819122 
Telex Code NTASTOR 85062 Australia 


Ail enquiries will be accepted as potential proposals. 
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THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF GEOGRAPHY 


Applications are invited for the post of Pro- 
fessor of Geography. The vacancy arises as a 
result of the resignation from September 30. 1974, 
of Professor J. W. House, to take up the Halford 
Mackinder Professorship of Geography at the 
University of Oxford. Salary in accordance with 
the Professorial Secale (£5.973 by £96 to £6,069 
by £1953 to £6,849 per annum). 

Further particulars may be obtained from the 
Registrar, the University of Newcastle upon Tyne. 
6 Kensington Terrace, Newcastle upon Tyne, NEI 
TRU, with whom applications (15 copies), giving 
the names of not more than three referees. should 
be submitted not later than September ee 

(495) 


THE UNIVERSITY OF SHEFFIELD 
SENIOR LECTURER IN 
CHEMICAL PATHOLOGY 


Applications are invited from medically or 
non-medically qualified persons for the above post. 
tenable from a date to be arranged. Research in- 
terests of the department include: peptide hor- 
mone interaction with cell receptors and subse- 
quent cyche nucleotide-mediated effects: secretion 
and action of parathyroid hormone: and certain 
aspeets of the endocrinology of cancer. It is am 
ticipated that the successful candidate will have 
a background in one of these areas or appropriate 
basic experience which could be applied. An ap- 
propriately qualified person may be considered for 
honorary consultant status by the Area Health 
Authority. Salary ranges (non-clinical) £4,707 to 
£5844: {clinical without honorary consultant 
status) £4,917 to £6,213: (clinical with honorary 
consultant status} £5,085 to £7,599. Further parti 
culars from the Registrar and Secretary, the Uni- 
versity, Sheffield SIO 2TN to whom applications 
(8 copies) should be sent by September 9, 1974, 
Please quote reference R 120/6. ($00) 





UNIVERSITY OF LEEDS 
DEPARTMENT OF PURE 
AND APPLIED ZOOLOGY 


Applications are invited from graduates 
for a S.R.C. RESEARCH ASSISTANT- 
SHIP to work on the control of ventiliation 
in dragonflies. This post is tenable for a 
period of up to three years from October 
1, 1974. The starting salary will be £1,449 
per annum. Applications should be sent to 
Dr. P. J, Mill, Department of Pure and 
Applied Zoology, Univrsity of Leeds, Leeds 
LS2 9JT, from whom further particulars 
may be obtained. Closing date August 17, 
1974. (503) 





UNIVERSITY OF HULL 

A GRADE 4 RESEARCH TECHNICIAN is 
required for work in the Biomedical Unit. The 
successful applicant will help to set up a new 
laboratory and thereafter assist with: care of 
animals of various species; operative procedures: 
fixation of specimens: dissection and sectioning for 
gross anatomical study and optical and = electron 
microscopy. Experience in the histology of central 
nervous tissue would be an advantage. The post 
is tenable for three years from October F. Salary 
on scale £1,848 to £2,163 pa, plus £104 p.a. ihres- 
hold payment. Applications, giving details of age 
and experience and the names of two referees ta 
the Technical Staff Officer, University of Hull, by 

Friday, August 9, 1974, quoting Ref. TBU/1. 

(S01) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


TECHNICIAN 


Applications are invited for this new post. The 
successful candidate will be required to take special 
responsibility for the running and maintenance of 
the Department’s research apparatus (and Hf pose 
sible heip design and build new equipment}, to 
organise and supervise the development. costing 
and preparation of undergraduate classes jn 
physiglogy and biochemistry, and to deputise for 
the Chief Technician. The post offers plenty of 
scope for initiative, 

Candidates should be qualified to HNC. an 
degree level in a Biological subject or chemistry. 
Sagary within a range up to £2.874 per annum (plus 
threshold payments} according to qualifications and 
experience. Application forms which should be 
returned by September 1 may be obtained from 
The Registrar, The University, P.O. Box 147, 
Liverpool L69 3BX. 

Quote ref RV/276150/N/ (502) 
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THE UNIVERSITY OF SHEFFIELD 
CAS.E. AWARD IN PHYSICAL 
CHEMISTRY OF MICELLES 


Applications are invited from good honours 
graduates, or those about to graduate, in chemistry 
ot chemical physics, for a CASE award under 
joint supervision of Dr E A. McLure (the Univer- 
sity of Sheffield and Or D. G. Hall (Unilever 
Research, Port Sunlight). Project will involve 
ifitiaiiv a study of distribution of suitable solutes 
betwee an aqueous solution of a surfactant and 
an immiscible and unsolubilized solvent with object 
.of gaining improved understanding of nature of 
interior. of micelles. Applications, (curriculum vitae 
and names of two referees) to Dr L A. Melur, 
Bepartinent of Chemistry, The University, Shefficid 
S3 THF, Tel. 78555 (S.T.D, 0742), fram whom 
further details can be obtained. Please quote re- 
ference R1I9/G. (306) 





BERNHARD BARON MEMORIAL 
RESEARCH LABORATORIES 


Queen Charlottes Maternity Hospital 
Goldhawk Road, London Wé OXG 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited from graduates with Ist 
or 2nd class Honours Degrees for the post of 
Senior Microbiologist (Terms and conditions of 
service Whitley Council A Scale, salary £2,964 pa. 
to £3,843 pa, plus £126 pa. London Weighting 
pius threshold payments}. 

Applicants must have previous experience of 
medical microbiology. 

Applications to the House Governor at the 
above address. naming three referees. (507) 


THE GEOLOGICAL SURVEY OF 
GREENLAND 


Geophysicist 


A Geophysicist is required for the 
Geological Survey of Greenland. Candidates 
should have at least five years’ experience 
in the various branches of exploration geo- 
physics, particularly seismic interpretation, 
and should have a good command of 


English. The person appointed will be based 
in Copenhagen and will be required to plan 
and to participate in field projects in 
Greenland. 


The appointment will be on renewable 
contract and will be pensionable. The salary 
will be according to Danish Government 
scales, 


Applications should be accompanied by a 
detailed curriculum vitae, an indication of 
the approximate salary required, and the 
names of two referees, and should be sent 
before September IS to: The Director, The 
Geological Survey of Greenland, Øster 
Voldgade 10, DK-1350 Copenhagen K. 
Denmark. (3516) 





RESEARCH OFFICER 


Applications are invited for the post of Re- 
search Officer with the International Project in the 
Field of Food Irradiation. located in Karisruhe, 
Federal Republic of Germany. 

The successful candidate will be required to 
carry out research into the toxicological methodo- 
logy of wholesomeness testing as applied to irradi. 


ated foods. The precise nature of the research will | 


be determined according to the specific arcas of 
expertise of the candidate selected for appointment 
who will assist in designing the research programme, 
Of particular interest to the Project are the prob- 
lems associated with mutagenicity, carcinogenicity 
and ltratogenictiy testing. 


Qualifications: Ph.D. or equivalent: several years 
of practical experience in toxicology or a closely 
related science. Fluency in English is essential and 
a working knowledge of German and/or French 
would be an advantage. 


Conditions of services The appointment will be 
on a yearly contract basis with the possibility of 
renewal, as a consultant to the Organisation for 
Economic Co-operation and Development. Salary, 
depending on qualifications and experience will be 
within the range US $14,000 to $19,000 net per 


annum {including expatriation and other allow- | 


ances according to nationality and family circum- 
stances), 

Applications, accompanied by curriculum vitke 
to be made in writing by September 16, 1974 to 
the Project Director, International Food Ifrradia- 
tion Project. Institut fiir Strabtentechnologic, 75 
Karlsruhe, Postfach 3640, Federal Republic of 
Germany. (514) 





Wellcome 


Resea 








rch Scientist 


This is an opportunity for a Ph.D or Good Honours Graduate with 
research experience in a biological discipline to join a new Research team 
being set up at The Wellcome Research Laboratories, Berkhamsted. 


The work will involve the initiation of a research programme to 
investigate the effects of formulation and route of administration on 
absorption and distribution of drugs in animals. 


We offer excellent conditions of employment, including help with 
re-location expenses where necessary, and real career prospects. Our E Be 
laboratories are modern and well equipped, situated in pleasant countryside = = 
close to Berkhamsted, which is a small country town about 35 miles - 


from Euston, London. 


lf you are interested please write or telephone for an application form 


quoting reference PA, 60, to: 


Mr. R. P. Woolridge, Senior Personnel Officer, 


The Wellcome Foundation Limited, 


Ravens Lane, Berkhamsted, Herts. HP4 2DY. 


Tel: Berkhamsted 3333. 


Industrial Research Chemist re- 
quired for studies in synthetic chem- 
istry. 

Applicants should have First or 
Upper 2nd class Honours degree or 
equivalent, and preferably | - 2 years 
relevant experience. The assignment 
will be for 18 months in the first 
instance although the appointment is 
envisaged to be for at least five years, 
initially in the south-west of England. 
The salary will probabjy be in the 


(350) 


range of £2, 500 to £3,000 p.a. accord- T 


ing to qualifications and experience 


Reply, in confidence, with curt- || 
culum vitae, to Position Number ABO aw 
651 Austin Knight Limited, Hagley | 
House, Hagley Road, Birmingham ; 


B16 8QG. 


Applications are forwarded to thë 
therefore Come- 
panies in which you are not interested » 
should be listed in a covering letter to- 


Client concerned, 


the Position Number Supervisor. 


(O emee 
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UNIVERSITY OF DAR ES SALAAM—TANZANIA 


Applications are invited for the following posts tenable as soon as possible:-— 


PROFESSOR IN PLANT BREEDING 


Candidates should have considerable research and/or teaching experience in Plant 
Breeding and Genetics. The appointee will be required to lecture jn some aspects of 
genetics and Plant Breeding to undergraduate and postgraduate students. He will be 
expected to plan, design and carry out with a team of breeders, selective plant breeding 
programmes. He should be able to apply advanced statistical and mathematical techniques 
for detailed genetic analysis and interpretation of resulls. He wl also be required to 
collaborate with and advise other scientists in the Department. 


ASSOCIATE PROFESSOR IN HORTICULTURE 


Candidates should have a good honours degree in horticulture and postgraduate 
qualifications in horticulture or Crop Physiology. They should have considerable teaching 
and/or research experience in horticultural crops. The appointee will be expected to give 
lectures to undergraduate and postgraduate students in plantation crops, vegetable and 
ornamental crops. He wil also be required to conduct research and supervise postgraduate 
students in his area of specialisation. 


LECTURER /SENIOR LECTURER IN CROP PRODUCTION 
Candidates should have at feast an M.Sc. in Agronomy and some research experience 
and/or university teaching experience. Previous experience in tropical crops (field crops or 
plantation crops} would be an advantage. The appointee will be required to teach Annual 
Crops, Climatology, Weeds and Weed Control, to undergraduate and postgraduate students, 
and conduct research in his area of specialisation. 


LECTURER/SENIOR LECTURER IN BIOMETRY 
Candidates should have a good degree in mathematical statistics or Agriculture with 
postgraduate training in applied statistics and computer science. The appointee will be 
required to teach Biometry to undergraduate and postgraduate students. He will be 
expected to advise postgraduate students and academic staff in the Faculty on experimental! 
designs, computer programming and utilisation and the interpretation of results. 


LECTURER/SENIOR LECTURER IN PASTURE AGRONOMY 

Candidates should have a good degree in Agriculture with postgraduate training and 
research experience in Pasture Agronomy. Experience in University teaching/research on 
pasture production in sub-tropical or tropical countries would be an advantage. The 
appointee will be expected to teach undergraduate students in various aspects of pasture 
production and range management. He will also be expected to undertake research on 
pastures, 

RESEARCH FELLOW/SENIOR RESEARCH FELLOW IN 
PLANT BREEDING/AGRONOMY 

Candidates for this post should be graduates in Agriculture or Botany with postgraduate 
training in Plant Breeding or Agronomy. Previous experience in Crop Production research 
would be an advantage. Appointee will be required to conduct research in the breeding 
of agronomic aspects of sorghum, millets or grain legumes-—~mainly soyabean, cowpeas, 
green and black grams. 

Salary Scales: Professor T£3,332 10 F£3.612 p.a., Associate Professor T£3,652 to T£3,472 
p.a.; Senior Lecturer/Senior Research Fellow T£2,632 to T£3,082 pa. Lecturer/Research 
Fellow T£2,150 to T£2,590 p.a. (TEES £1.17 sterling), The British Government may supple- 
ment salary in range £996 to £2,448 p.a. (sterling) for married appointees or £348 to £1,500 
p.a. (sterling) for single appointees (normally free of all tax) and provide children's 
education allowances and holiday visit passages. F.S.S.U. Family passages; biennial over- 
seas leave, Detailed applications (2 copies}, including a curriculum vitae and naming 3 
referees, should be sent by air mail by August 27. 1974 to the Chief Academic Officer. 
University of Dar es Salaam, P.O. Box 35091, Dar es Salaam. Tanzania. Applicants 
resident in U.K. should also send 1 copy to Inter-University Council, 90/91 Tottenham 
Court Road, London WIP ODT. Further particulars may be obtained from either yo 

539) 
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Toxicologist 


We require a Toxicologist in the Department of Toxicology 
to participate in the evaluation of new medical substances for 
possible toxicological and teratogenic potential. 


Applicants should have graduated in a biological subject or 
possess a Higher National Certificate or Diploma in Applied Biology 
with appropriate experience: a new graduate will be considered. 


Please Apply to: 

Mrs |. Andrews, 

Personnel Officer, r 

john Wyeth & Brother Ltd, 

Huntercombe Lane South, Taplow, 

Nr. Maidenhead, Berks BL& OPH 

Telephone Slough 28311. 7 (569) 


Wyeth 
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M.R.C. CLINICAL RESEARCH 
CENTRE 


(Northwick Park Hospital) 
Watford Road, 
Harrow, Middlesex, HAI 3UJ 
TECHNICIAN 
required in the new Department of Surgical Onco- 
logy (Division of Surgical Sciences) to assist in a 
programme of research in human and experimental 
TUMOUR IMMUNOLOGY. 

Familiarity with immunological procedures is 
desirable. including tissue culture, radiolabelling 
and cytotoxic reactions. 

Salary within the range £1,566 to £2,418 plus 
Phase IH Threshold Agreement increases, 

Please contact Mrs, J. Tucker-Bull for further 
details quoting ref. 128/2. ($13) 





RESEARCH TECHNICIAN 
(Grade 3) 


required for work on fungal diseases in plants. 
Previous experience in this field or in biochemical 
techniques and electron microscopy is desirable 
but not essential. 


Salary £1,650 to £1,920. 


Apply: Senior Assistant Secretary, University of 
Birmingham, P.O. Box 363, Birmingham, BIS 2TT- 
Reference 139/B/303, ($22) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Post 
doctoral Research Fellowship (S.R.C.) to 
study the synthesis and properties of 
cyclazines (annulenes containing internal 
nitrogen atoms) in collaboration with Dr, 
D, Leaver. 


The appointment will be for two years 


from October 1, 1974 at a salary of up ta 
£2,247 x £165 per annum with superannua- 
tion under F_S.S.U. depending on age and 
experience, 

Applications, together with the name of 
an academic referee, should be sent to the 
Secretary to the University, University of 


Edinburgh Old College, South Bridge. 
Edinburgh EHS 9YL. Please quote reference 
number 5040. (S17) 


LONDON SCHOOL OF HYGIENE AND 
TROPICAL MEDICINE 


(University of London) 

Keppel Street, WCE 7HTF 
MEDICAL MYCOLOGY REFERENCE 
LABORATORY RESEARCH 
SCIENTIST 


Applications are invited from postdoctoral Bio- 
chemists of Immunochemists for appointment, for 
five years Mittally, to work on an M.R.C. grant 
in this Laboratory run by the P.H.L.S. The suc- 
cessful candidate will direct research into the 
immunology of fungal diseases. Salary, depending 
on age, qualifications and experience, on scales 
rising to £2,694 (Post Probationary), £3,843 (Senior 
Scientific) of £5,175 (Principal Scientific), plus £126 
London Weighting, and threshold awards. Super- 
annuable past. 


Applications in writing, wiving full details of 
career etc, and naming two referees, should be sent 
to Dr D. W. R. Mackenzie, N, at the School, 
by September 30, 1974. {$33} 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF VETERINARY 
PATHOLOGY 


LIVERPOOL AND WIRRAL 
Applications are invited for the following posts:- 


A, TECHNICIAN to work in the Liverpool diag- 
nosis laboratory. Applicants should have experience 
in Bacteriology and Clinical Chemistry and hold 
H.N.C. Medical Science or equivalent I.M.L.T, 
certificate. Salary on a scale £1,680 to £1,920 per 
annum plus threshold payments. Quote ref. RW/ 
N/276158(A). 


B. TECHNICIAN to work in the Clinical Patho- 
logy Unit at the Veterinary Field Station, Leahurst. 
Neston, Wirral. The laboratory deals with bacterio 
logical and parasitological diagnosis. Applicants 
must possess Intermediate EM. L.-T. or ONC. 
Medical Sciences. Salary on the scale £1,524 to 
oa per annum plus threshold payments. Quote 
rel. RV/N/276158(B). 


Initial salary will be according to qualifications 
and experience. Application forms for both posts 
may be obtained from The Registrar, The Uni- 
versity. P.O. Box 147, Liverpool L69 3BX. P 

i57 
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UNIVERSITY OF EDINBURGH 
FACULTY OF MEDICINE 


ON-LINE BIBLIOGRAPHICAL 
RETRIEVAL PROJECT IN 
BIOMEDICINE 


Applications are invited for the post of 
RESEARCH ASSISTANT to work with the 
Lecturer in Medical Information on the 
above project, financed by the British 
Library Research and Development (for- 
merly O.S T L), The systems principally in- 
volved will be those of the two MEDLARS 
on-line retrieval systems, MEDUSA and 
MEDLINE. The person appointed will act as 
intermediary between customers and systems 
in on-line formulation and evaluation, 

Applicants should be graduates in a 
science subject, and information  science/ 
library qualifications of experience would be 
an advantage, 

The salary will be £2,118 per annum plus 
F.S.8.U. 

The post is available from October I, and 
will extend to December, 1975. 

Further particulars from Dr E. D. Whittle, 
University of Edinburgh Medical School, 
Teviot Place, Edinburgh, EH& 9AG, to whom 
applications, together with the names of 
two referees, should be sent by August 12, 
1974, Please quote reference number is 

( 





UNIVERSITY OF LEICESTER 


Applications are invited for the posts of labora- 
tory technician Grade XD and Grade 4(13 in the 
Department of Physiology. 

The Grade 3 post will mainly involve research 
work into membrane transport and associated 
topics. also to assist with some practical classes. 
Applicants should have H.N.C./HUN.D. or equiva- 
jem qualifications and have had 3 to 5 years 
jaboratory experience. 

The Grade 4 post will be for organisation of 
practical classes for medical students and will involve 
the use of up-to-date electro-physiological equip- 
ment and therefore requires a knowledge of eleg- 
equivalent qualifications and have had 7 to 9 years 
laboratory experience. 

Salary scales are Grade 3 £1,650 to £1.920, and 
tronics. Applicants should have HNC L/HUN D. or 
Grade 4 £1,848 to £2,163 plus cost-of-living 
supplements. 

Applications giving full details of educational 
background, qualifications and experience together 
with the names and addresses of two referees 
should be sent as soon as possible to the Chief 
Technician, Department of Physiology, University 
of Leicester LEI 7RH. (365) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF PHYSICS 


Apphcations are invited for a vacant post 
of University Demonstrator in the above De- 
partment. Teaching duties Gaboratory and 
tutorial work) will not normally exceed 16 
hours per week. The successful candidate 
will be expected to register for a higher 
degree, if he does not already hold one. 
Details of research in progress can be ob- 
tained on application to the Department. 


The appointment is renewable annually up 
lo a maximum tenure of five years, and will 
be according to qualifications and experience 
on the scale £1,848 to £2,538 per annum. 
Superannuation under F.S S.U. 


Applications, by letter, giving full details 
together with the names of two referees, 
should be sent to the Secretary to the Unj- 
versity, University of Edinburgh, Old 
College, South Bridge, Edinburgh. EH8 9YL, 
not later than September 13, 1974. Please — 
quote reference number 1036. (S18) 


UNIVERSITY COLLEGE GALWAY 
Professorship of 
Experimental Physics 


Applications are invited for the above 
Statutory wholetime post. Salary scale 
£5,427 x 141 (8) to £6,555, plus Family 
Allowances. Non-contributery Pension 
Scheme. 

The closing date for receipt of applica-© 
tions is September 16, 1974, Prior to 

. application, further information should be 


obtained from the Registrar of the College. 
(362) 











entomologist: 


We wish to recruit two Entomo- 
logists. Applicants should hold a 
degree in Biological Sciences 
specialising in Entomology, and 
have subsequent experience in 
either: 

(a) the field evaluation of new 
insecticides or related products 
and their establishment on the 
market. For preference the ex- 
perience should relate to Medi- 
terranean and tropical crops. The 
person appointed will be expected 
to travel up to four months of 
the year in periods of a few 
weeks at a time, 

ib) The evaluation of new insec- 
ticides in the laboratory. Appli- 
cants with experience in study- 
ing the way insecticides act at the 
whole insect level will be prefer- 
red. A knowledge of insecticide 
chemistry is desirable, together 
with an acquaintance with the 
opportunities for new products 
gained from experience in the 
field. 


PLANT PHYSIOLOGIST/ 
GENETICIST 
We have a vacancy for a Techni- 
cal Officer to initiate a new pro- 
gramme of work on the effect of 
chemicals on the development 
and fertility of flowers of impor- 
tant crop species. The work 
will be particularly directed 
towards the discovery of 
chemicals which may assist 


UNIVERSITY OF DAR ES SALAAM — TANZANIA — | 
Applications are invited for the following posts tenable as soon as possible: er 


LECTURER/RESEARCH FELLOW IN CHEMISTRY (Organico). Candidates must 
be holders of Ph.D. or its equivalent in Organic Chemistry and should be capable 
























in the development of hybrid vari- ' 
eties. E See 
The person appointed will be 1 
based at Jjealott’s Hill Research o) 
Station where extensive modern o 0 
laboratory glasshouse and growth o o =o 
chambers are available. He may, = 
however, be required to spend | 
periods overseas in order to carry 
out necessary experimental work, 
supporting technical staff will beo- 
available. ` 
Qualifications: Degree in Botany =- 
or Agriculture or- alied subject — 
preferably with a Ph.D. in: Plar 
Physiology or physiol 
aspects of genetics, Previous. 
on the effects of chemicals o 
plant development or on the pro- 
duction of hybrid varieties would. 
be an advantage. 
Salaries will be dependent on 
qualifications and experience. - 
Fringe benefits include member- 
ship of the ICI Pension and Profit 
Sharing schemes, | 
After joining married men will. 
receive a reasonable refund of 
removal (including travel) ex- 
penses and, in approved cases, 
assistance in house purchase, S 
if you are interested in applying — 
please write for an application 
form to: 

Mr 5. R. Stephenson, 
Personnel Officer, 
ICI Plant Protection Ltd., 
jealott’s Hill Research Station, 
BRACKNELL, Berks (555). 





PLANT PROTECTION LIMI 





















of teaching all aspects of Organic Chemistry to undergraduate level students. The ae 
appointee will also be expected to teach and supervise at postgraduate level. Research: 00008 
interests in natural products will be an advantage but not essential, An. applicant o= 

whe would like to do more research and only a limited amount of teaching may 
be considered for appointment as Research Fellow, 


LECTURER/SENIOR LECTURER IN MARINE BIOLOGY. Candidates should have 
a Ph.D. degree in appropriate subjects. Preference will be given to those with teaching 
experience in aquaculture or ichthyology. The appointee will be attached to the Marine 
Biology Station, under the Department of Zoology of the University and will be 
required to participate in team-work research mainly in marine ecology, to supervise 
postgraduate students in Marine Biology, and to participate in the teaching of under- 
graduate students in the Department of Zoology. 


Salary Scales: Senior Lecturer T£2,632-T£3,052 pa.: Lecturer/Research fellow 
TE2,150-T£2,590 p.a. (Ta =£1.17 sterling). The British Government may supplement 
Salary in range £996-£1,848 pa. (sterling) for married appointees or £348-£900 pa. 
(sterling) for single appointees (normally free of all tax) and provide children's educa. < 
tion allowances and holiday visit passages. FSSU. Family passages: biennial overseas - 
leave. Detailed applications (2 copies), including a curriculum vitae and naming 3° 
referees, should be sent by air mail by August 27 1974 to the Chief Acade 
Officer, University of Dar es Salaam, PO Box 35091, Dar es Salaam, Tanzania 
Applicants resident in UK should also send 1 copy to Inter-University Council, 96/91 
Tottenham Qourt Road, London, WIP ODT. Further particulars may be obtained’ 
from either address. 538 


1% 
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YORKSHIRE WATER AUTHORITY 


SCIENTISTS 


The work of the Authority extends over an area which coincides very 
closely to the geographical boundaries of Yorkshire. 




















Vacancies have now arisen in the Scientific Services section which 
carries out works in most aspects of the Authority's activities. First 
class staff are required for the following work in Leeds. 


BACTERIOLOGIST — £3,504 to £3,993 plus Threshold Payment. 

RN 46. The vacancy exists in a small group which is undertaking 
specialised bacteriological investigations, identifying the virological 
problems in the Authority's area and giving bacteriological advice to 
Divisions. Applicants should be graduates with a degree and experience 
relevant to this area of work. 


SCIENTIFIC AND TECHNICAL OFFICER FISHERY SCIENCE — 
£2,394 to £3,018 plus Threshold Payment. 

RN 58. This post is located in Scientific Services at Head Office. 
Leeds and heads a small team of Fishery Scientists. The duties will 
involve investigations into causes of fish mortalities, fish population 
studies and fishery management advice. 


With the agreement of the Water Services Staff Commission these posts 
are not restricted to staff within the Water Industry, although first 
consideration will be given to applicants so employed. 

Applications quoting the appropriate reference number and giving details 
of age, qualifications, salary and experience should be sent to the 


Personnel Officer, Yorkshire Water Authority. West Riding House, 


67 Albion Street, Leeds LS] 5AA by August 12, 1974. 
(568) 


YORKSHIRE WATER AUTHORITY 
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Agricultural 
Chemicals Development 


May & Baker Ltd. wish to recruit staff for two new posts in their Agricultural 
Development Division at Ongar Research Station, Essex. 


DEVELOPMENT OFFICER 

This Officer wili assist the Chief Development Officer in the planning and cto- 
ordination of programmes for the evaluation of agricultural products throughout the 
world, The successful candidate, male or female, will be responsible far the 
collection and dissemination of technical data between the Research Station and the 
Company's Branches and Agents. 

Applicants, between the ages of 24 and 30, should have a Degree, preferably with 
a science as a main subject, and should have a working knowledge of French, 
German or Spanish. Experience in the pesticides industry, in the fields of technical 
information or publications, would be an added advantage, and the candidates 
should have the ability to summarise technical data and to express themselves 


lucidly in English. 

Reference No. 185/N/1 
RESEARCH SCIENTIST 
He will lead a small team of biologists and will be responsible for all programmes 
on the field evaluation of herbicides in the U.K. and overseas. . 
Candidates, between the ages of 28 and 35, should possess an Hons. Degree or 
M.Sc., in Botany with some specialisation in weed control, They should also have 
some experience in Research and Development in the pesticide industry. 

Reference No. 184/N/1 
May & Baker provide firse class conditions of employment including a competitive 
starting salary and contributory pension scheme with free fife assurance cover. 
Assistance towards removal expenses will be considered in suitable cases. 


Pleare apply in writing quoting the appropriate reference number giving details of 
auatifications and experience to the Personnel Manager, May & Baker Ltd., Dagenham, 
Essex RM10 FXS, (512) 


SmE May&Baker 


1574 






ter 





UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF ANATOMY 
RESEARCH ASSISTANTS Qi preferably post- 


doctoral, required to work on ultrastroctural 
studies uf synaptic organisation im vertebrate C.N.S. 
with Drs K. E. Webster une Al R. Lieberman. 
Appointment October i, 1974 or as soon as possible 
thereafter for a period of up ta J vears. Starting 
salary up to £2,018 plus £213 London Allowance. 
Curriculum Vitae and names of two referues, as 
sgonn as possible to Dr Webster and Dr Lieberman, 
Dept. of Anatomy. (N) University College Londen, 
Gower Street, WCLE 6BT. (534) 


M.R.C. RHEUMATISM UNIT 
CANADIAN RED CROSS 
MEMORIAL HOSPITAL 

TAPLOW, NR. MAIDENHEAD. BERKS. 


IMMUNOLOGY 


Technician required to take part in immunological 
research din rheumatism and connective tissue 
disease, 

Modern immunological laboratory procedures 
are ino everyday use, including immunofluorescence, 
immunoperoxidase and radioisotope methods, 


The successful applicant will be offered tranung 
in these as required. The post offers execient ope 
portunities to work for higher dualifications, EMLT 
ar equivalent qualification required, 


Aplications, with the names of two referees, to 
the Drectur, M.R C. Rheumatism Unit. at the 
above Hospital. (S313 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF DERMATOLOGY 


RESEARCH STUDENTSHIP 


Applications are invited from graduates with an 
Honours Degree in Biochemistry for a Junior Re- 
starch Associate appoinment to work on rescarch 
on androgen metabolism in the skin. Candidates 
should have an intrest in steroid biochemistry. The 
appointment will be for one year mo the first 
instance bul renewuble up to a maximum of 
three years in all and the post will bu suitably 
for a student wha wishes to study for a higher 
degree. Allowances equivalent to those im the case 
of M.R.C. Studentships will be paid. 

Applications should be sent as soon as possible 
to Professor S. Shuster, Department of Dermato- 
logy, Roval Victoria Infirmary. Neweastle upon 
Tyne, NEL TRU, (5243 





a et shying mar saree iA Aa lA i A Aaaa RAI rrr ereeerhAMAT A t A: 


MURDOCH UNIVERSITY 


Western Australia 
SCHOOL OF VETERINARY STUDIES 


Applications are invited for several positions in 
each of the following fields within the Division 
of Veterinary Biology. Candidates should be cape 
able of relating structural and functional features 
of domestic animals. They would normaly be 
expected to have a higher degree. 


ANATOMY /HISTOLOGY 
PHYSIOLOGY 
BIOCHEMISTRY /NUTRITION 


Duties include: TEACHING: participation pm the 
first part of the veterinary biology programme 
leading to an understanding of the animal body. 
ft starts with concurrent themes on the BODY AS 
A WHOLE and CELL BIOLOGY followed by an 
integrated study of BODY SYSTEMS. RESEARCH: 
candidates will be expected to have an active 
research interest either in general cell biology or 
im one or more of the body systems. 


Level of appointment: One of the Anatorny/ 
Histology vacancies is at a senior evul. The other 
appoimments will be in the scales of Lecturer or 
Senior Lecturer. Present salary scales ure: Eeg 
turer SA9.002 to SAI2Z,382;  Sentor Lecturer 
$.12.643 to S$A.724. Associate Professor $A16.389. 


General Information: 48 veterinary students will 
entar this phase of the course in March 1976. The 
Head of the Veterinary School is Professor R. H. 
Dunlop: The Chairman of the Division of Vete- 
rinary Biology wilh be Dr J. McC. Howell, pre- 
sentiv at the University of Liverpool: The Chair 
in Physiology will be filled by Dr R. G. Wales, 
presently at Sydney University. who will coor- 
dinate the study of the animal body. Appointments 
are available to commence at various times during 


1975. 


@Further information ts avatiabie from the Secre- 
tary, Murdoch Universitv., Murdoch. Western Aus- 
traja 6153 or from the Secretary Oeneral, Associs- 
tion of Commonwealth Universities (Appts). 36 
Gordan Square, London WCIH OPF. (S261 


Applications close on September 364, 1974, 
(S26) 
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ROYAL COLLEGE OF 
SURGEONS IN IRELAND 
DIVISION OF BIOCHEMISTRY 


Junior Lecturer 


Applications ure invited for the above past. 

Salary £2,180 plus £134 (4) to £2,716, point 
of entry to be determined by qualifications 
and experience. 


Preference will be given to applicants with 
an itierest im one of the following fields: 
Developmental Biclogy; Brain Biochemistry; 
Clinical Research. 


Applications giving the names of two 
referees should be received not later than 
Monday. September 9, 1974. 

Further particulars from the Registrar, 
Royal College of Surgeons in Ireland, Saint 
Stephen's Green, Dublin 2. (532) 





UNIVERSITY KONSTANZ 
(WEST GERMANY) 
RESEARCH POSITION FOR 
ELECTROPH YSIOLOGIST 
Applications are invited for a postdoctoral posi- 
tion to eleetrophysiological investigations of normal 
and transformed cell cultures in vitro, This work 
is part of a research proiect on regulation of cell 
division sponsored by Deutsche Forschungsgemein- 
schaft, 
Please send your application, curriculum vitae 
cluding details of your previous experience to 
Sonderforschungsberuich 138. Biologische Grenz- 
Vachen und Spezifität, der Universitit Konstanz, 
D-775 Konstanz, Postfach 733. (520) 


UNIVERSITY OF SYDNEY 
LECTURESHIP /SENIOR 
LECTURESHIP IN 
AGRICULTURAL GENETICS 


Applications are invited for the above-mentioned 
position in the Plant Breeding Institute of the 
Depariment of Agricultural Botany. We are es- 
pecially interested in persons who have had re- 
search and teaching experience in the cytology and 
cytogenetics of agricultural crops. The person ap- 
pointed will be expected to teach courses in general 
genetics and in cytogenetics to third and fourth 
year students. He will also be expected to super- 
vise postgraduate students and to participate m 
some phase of crop improvement m association 
with the University Plam Breéding Institute, 

The position advertised is permanent, but the 
lectureship may be filled for three years in the 
first instance with possibility of permanency after 
that time. or in certain cases return fares, 

Salary range: Lectureship: $A9,002 to $A12,352 
pa. Senior Lectureship $412,643 to $A#4,724 pa. 

Applications, including details of qualifications 
and experience and names of two referees, by 
August 19, 1974 to the Registrar, University af 
Sydney, New South Wales 2006. Australia. Infor- 
mation also avatlable from the Association of 
Commanwealth Universities (Appts). 36 Gordon 
Square, London WCIH QPF. ($27) 


Research in 
Instrumentation and 
Control Engineering 


Applications are invited from graduates 
with good honours degrees in Physics, Engin- 
eering or Mathematics for two posts: 


(D CONTROL AND INSTABILITY OF 
FLUID DISTRIBUTION SYSTEMS 


(2) CORRELATION TECHNIQUES OF 
FLOW MEASUREMENT 


Candidates will register for a higher de- 
gree with the CNAA. 


Salary: one post £1,500-2x£81-—£1 662. 
: ‘ f í 
one post SRC Studentship supplemented 
by some Tutorial work. 
Further details and application form from® 
Staffing Section, Department N, Teesside 


Polytechnic, Middeshorough, Cleveland TS! 
3BA. (537) 
































This post, initially based in London will provide a service to all Ministry of 
Agriculture, Fisheries and Food R & D laboratories, and to its Agricultural 
Developmentand Advisory Service throughoutthe country. ke ee 
The scientific information field in the Department is extensive and complex, 
with a variable level of indexing, abstracting and information retrievalin the 
many relevant disciplines and at a number of levels for the different areas 
it serves. a eid 
Major responsibilities will be to review the existing scientific and technical 
information systems in the light of the latest advances in information science; =~ 

to advise on the introduction of new systems; and to liaise with other Depart- ` 

ments and non-Government organisations concerned with the storage, 
retrieval and dissemination of information with special reference to agri =` 
culture and allied subjects. 

Candidates should normally hold a ist or 2nd class honours degree in a 
scientific subject (including information science). Considerable relevant — 
experience at responsible levels is necessary; experience in organisingand ` 
developing scientific information systems is essential, e o 
Appointment wili be as Principal Scientific Officer, with starting salary wiin i. se 
the range quoted, and may be permanent and pensionable or, with present 
employer's agreement, on secondmentterms. 

For further details and an application form (to be returned by 23 August 1974) - 
write to Civil Service Commission, Alencon Link, Basingstoke, Hants RG27 | 
1JB, or telephone BASINGSTOKE 29222 extension 500 or LONDON 01-839 
1992 (24 hour answering service). Please quote reference 5/8714/3. piat 


A NEW POST IN 
MINISTRY OF AGRICULTURE, FISHERIES AND F 












(587) 


UNIVERSITY OF SYDNEY 





ROYAL PAVILION LECTURESHIP IN AGRONOMY 

ART GALLERY AND MUSEUMS ie pes niet ne tens i 
BRIGHTON (CROP BOTANY) l 
Applications are invited for the following Graduate jn Science or Agricultural Science, 
three new posts: rie ae or eth Ra aaa im | crop 
ak cag toes potany, Applicants shou ave wide experience. 
(1) KEEPER OF BIOLOGY with Australian Crop plants. including field crops, 


(ref. BM1} horticultural crops and pasture species. 
Salary A.P. 4/5 (£2,235 to £2,820), pius The position advertised is permanent bot may 
current Threshold payment. be fied for three vears in the first instance with 
l m gra , s nossibility of renewal after that dz or in certai 
(2) KEEPER OF GEOLOGY e a nT after that date, or in certain 
(ref. BM2) à 
, Salary range: $A9,002 to $A12,35 a. 
Salary A.P. 4/5 (£2,235 to £2,820), plus i | ies cna vas A Fe ary - as 
current Threshold payment. Applications, including curriculum vitae, tist. 
Applicants should have an appropriate of publcations and names of three referees, by. 


University degree; possession of the September 3, 1974 to the Registrar, University. 
nantes Divno he A TS . SEET TARNE if p. er on s 
Museums Association diploma would be an of Sydney, NSW 2006. Australia, from whom fur- 
advantage. Relevant experience is desirable. ther information avatable. Information also avail 200) 
Full details of the posts may be obtained Ts from ns pags a of Commonwealth ooo: 
Ta Tires rae oy Jauti; iversities (Appts), 36 Gordon Square, London “o> 
from The Director. The Royal Pavilion, niversities (Appts), JOUG quare, LONGOR or 
j Y WCIH OPF., (528) 


Brighton, BNI IUE, quoting appropriate 
post reference. Written applications, giving 
full details. together with names and ad- 
dresses of two referees, should be received 


by August 21, 1974, (511) university OF wales 


PRE- or POST-DOCTORAL UNIVERSITY | 
dor OF oi Ad ~ 

BIOCHEMIST COLLEGE OF : 
Decals pion (aeona don and inne SWANSEA 


mistry, required for research in relation to M.R.C. 
trials in myeloma and macroglobulinaemia for at 





least two years from October 1, 1974. Salary DEPARTMENT OF 
equivalent to Senior Blochemist. (from £3,090 p.a). BIOCHEMISTRY 
Applications with two referees to Prof. J. R. 

Hobbs, Department of Chemical Pathology, West- Applications are invited for the vacancy of 
minster Medical School, 17 Page St., London SW! Postdoctoral! Research Assistant in the De- 


partment of Biochemistry, to work on an 
by September 9, 1974. (551) S.R.C. sponsored research programme con- 
cerned with the occurrence, metabolism and 
function of 3/:5’%—cyclic A.M.P. in the tis- 
sues of higher plants. 


EDITORIAL ASSISTANT The appointment, which will be for one 


A microbiologist with a goo year im the first instance, from October 1, | 
SP Rea and: ac epnle. ie idee ool 1974, will be on the scale £2,118 to £2,757 > 
knowledge of German are invited to join per annum, together with F.S.S.U. benefits. - 
the Editoris: Team of Information Retrieval e Further particulars and application form 
Limited, a publisher of scientific literature. (2 copies) may be obtained from th 
Starting salary is £2,108 per annum. Please Registrar/ Secretary, University College of 
apply to: Dr. E. 5, Krudy, Information Swansea, Singleton Park, Swansea, SA2 SFP, 
Retrieval Limit€éd, 1 Falconberg Court, to whom they should be returned by Friday, 
London WIV SFG. (563) August 23, 1974. (542) 








Thinking ahead 
in ! 
Pharmaceuticals § 


Glyn Jones, 








'@) Young Science Graduate 
“a, for teratological work 


Se We are a major pharmaceutical company and part of the 
iaa = Emulti-million international Glaxo Group. Our modern 
is _ research laboratories are located in pleasant rural 

IE surroundings at Ware in Hertfordshire. 


We have an interesting opportunity for a recently qualified 
science graduate to work on the teratological aspects of drug 
safety evaluation. This position will involve supervising the 
work of a small section in the Pathology Department and 
taking part in all aspects of investigations. 


Salary and conditions are attractive and include assistance 
with relocation expenses, where appropriate. 


Please write, with brief career details, to: 


Personnel Officer, 
Allen & Hanburys Research Ltd., 
Priory St., Ware, Herts. SG120DJ. 


Allen & Hanburys 


187% 


MAKERS OF FINE PHARMACEUTICALS 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
INSTITUTE OF GEOLOGICAL SCIENCES 


ANALYTICAL CHEMIST 


A vacancy exists at Scientific Officer/ Higher 
Scientific Officer level in the Institute’s Hydrogeology 


Unit in London. Appointment will be on a perm- 
anent established basis, 


Duties: To work with a small group engaged in 
research and applied studies concerned with various 
aspects of natural waters, and based in the Hydro- 
geological Department. Responsibilities will consist 
of management of the laboratory, direction of 
routing. analysis and development of new techniques, 
particularly for trace analysis. 


Ouatifications: Candidates will be expected to have 
a Good Honours Degree in Chemistry, or equiva- 
lent qualification. Previous analytical training or 
experience relevant to geochemical/environmental 
analysis is desirable: familiarity with flame atomic 
absorption is required and knowledge of flameless 
techniques and gas-liquid chromatography wouid 
be an advantage. Candidates at H.S.0O. level should 
have at least 2 years relevant postgraduate experi 


enee, - 


_ Salary: Scientific Officer, £1,820 to £2,903; Higher 
Scientific Officer, £2,689 to £3,599, inclusive of 
Inner London Weighting. 
Starting salaries may be above the minimum. 
The staff of the Council are not Civil Servants 
although their pay and conditions of service are 
similar to those of scientists in the Civil Service. 
_ Application forms available from Establishment 
Section, Institute of Geological Sciences, Exhibition 
Poro: London SW7 1DE, quoting ref: SO/HYD/ 
Fs 


CLOSING DATE FOR RECEIPT OF APPLICA- 
TION FORMS AUGUST 16, 1974. {560} 





(389) 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(University of Reading) 


A Scientific Officer or Higher Scientific Officer is 
required to jain a group in the Bacteriology Depart- 
ment iivestigating the intestinal microflora of the 
neonate with particular reference to the ami- 
bacterial activiy of milk. Experience with immunes 
logical techniques will be an advantage. 

Candidates should have a degree, HNC. or 
equivalent qualification. Appointment will be in the 
grade af Scientific Officer (£1,592 to £2,675) or 
Higher Scientific Officer (£2. 461 to £3371} with a 
starting point dependent on qualifications and ex- 
perience. At least five years’ relevant post- 
qualifying experience is required for appointment 
in the higher grade. The post is pensionable, 

Apply on forms obtainable from the Secretary. 
National Institute for Research in Dairying, Shin- 
field, Reading RG2 9AT, quoting reference 74/17. 

(5613 


Ler nnmmeea sip yaamaninmmanansanaa mt rrr rs Dutra 


THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 

DEPARTMENT OF PHYSICS 
Applications are invited for the posts of: 
RESEARCH ASSOCIATE or 
RESEARCH OFFICER 
to work under the folowing S R.C. 
projects: 
L lon-Molecular Collisions of ionospheric imterest 
using a temperature-vaniable afterglow system. 
2) Rocket-borne measurements of minority neutral 
constitutents in the D-region of the ionosphere. 
Salary range: Research Associate, £2,118 to 
£2,580 pa., Research Officeg £1,662 to £2,550 p.a. 
Further details and forms obtainable from Pro- 
fessor N. D. Twiddy, Department of Physics, 
Pengiais, Aberystwyth. (566) 


sponsored 
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MASSEY UNIVERSITY 
Palmerston North, New Zealand 
BIOTECHNOLOGY DEPARTMENT 
SENIOR LECTURESHIP - 
BIOCHEMICAL ENGINEERING 


Applications are invited for positions of Senior 
Leectufer. in the Biotechnology Department, con- 
cerned with the application of chemical and bio- 
chemical engineering to fermentation technology 
and industrial biological processing. The back- 
ground sought ideally would include a degree in 


chemical engincering, Ph.D. or equivalent in biu- 
chemical engineering, and industrial experience, 


Salary; in the range NZ$9.503 to SHEP153 (bar) 
toy $12,142. 

Further details may be obtained from the Secre- 
tary General, Association af Commonwealth Unt- 
versities (Appts), 36 Gordon Square, London WCIH 
OPF., or from the Registrar of the University. 

Application close on September 9, 1974. 

. {S83} 





UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF FOOD SCIENCE 
AND NUTRITION 


RESEARCH 
FELLOWSHIP 


Applications are invited from post- 
graduates in biochemistry, biological chemi- 
stry or molecular biology for the above 
appointment. 


The appointee will be a member of a team 
investigating the mechanisms of Huorochrome 
reactions with icro-organisms., 


The appointment will be for three years 
on the salary scale £2,118 to £2,412 per an- 
num with F.S.S.U. 


Applications (quoting R28/84) containing 
the names of two referees, should be sent to 
Dr. J. Scholeficld, Department of Food 
Science and Nutrition, University of Strath- 
clyde. James P. Todd Building, IJE Albion 
Street, Glasgow Gil 


{SD. (330) 





UNIVERSITY OF WAIKATO 
HAMILTON, NEW ZEALAND 
LECTURERS/SENIOR LECTURERS 


The University invites applications for academic 
positions that will be available from February 1, 
1975. The positions which are listed below will be 
at lecturer or senior lecturer level. The reference 
numbers for each vacancy are given in brackets, 

BIOCHE MIST 
(203) with interests in biological chemistry or one 
of the branches of biology. 

BIOLOGICAL SCIENTISTS 

(204) cellular biologist with Interests in microbial 
genetics ar physiology or virology oF cek phystHogy 
~€208A) zoologist with interests in invertebrate 
physiology or vertebrate biology or physiology or 
animal behaviour--or (205B)} plant ecologist. 

CHEMISTS 
(206) (207) preferred interests in one of mare ol 


physical chemistry, natural products or biological 
chemistry, speciroscopie methods. 
COMPUTER SCIENTISTS 


specialising in (208) computing machines and com- 


munication systems and (209) management data 
processing and information systems. 
GEOGRAPHER 
(216) human geographer specialising in quantitative 
MATHEMATICIAN 
(222) statistics or computing, preferably with èx- 


perience in design of experiments or sampling for 


scientific or technological applicants. 
PSYCHOLOGISTS 

(preferably with cross cultural interests in cach 

case) (224) applied social psychology including 


measurement (225) clinical psycholoxy (226) interests 
im research and natural settings including animal 
behaviour, 

The current salary scales run fram NZ37 361) to 
N7$9,339 per annum for lecturers and NZS$9 303 
to NZSIĻ E33 to NZ3$12,142 per annum for senior 
lecturers. 

Applications close on September 13, 1974 and 
@hould be submitted in a prescribed format. 

Details and conditions of appointment are avail- 
able from the Seeretary General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF, or from the Registrar, 
University of Waikato, Hamilton, New er 

59} 
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Shell Research Limited have vacancies for one scientist 


(Chemical or Biochemical Engineer) and four tech- 


Nicians to work in a multi-disciplinary team in the 
Fermentation Division of their Woodstock Laboratory, 


Sittingbourne, Kent. 


Chemical or 


Biochemical Engineer 


You will join a team concerned with new fermentation 
projects based on hydrocarbon and petrochemical feed- 
stocks. You should have a good degree in Chemical 
Engineering and a minimum of t y 
and/or development experience. Ability to furnish 
evidence of significant contributions to fermentation or 
other biological processes would be an advantage. i 


a- 


UNIVERSITY OF SIERRA LEONE 
FOURAH BAY COLLEGE 
Applications are inviled for the following posts:- 


1. SENIOR LECTURER /LECTURER IN 
BOTANY, tenable as soon as possible. Applicants 
should have a good honours degree and posi- 
graduate research experience, preferably in Plant 
Morphogenesis or Plant Anatomy, but applicants 
in other fields will be considered. Teaching duties 
will include participation im elementary courses 
in Biology and Botany and other courses accord- 
ing to the qualifications and interests of the ap- 
pointece and the needs of the Department. He 
will alsa be expected to carry out research in his 
specialist field. 


2. LECTURER IN PHYSICS. Research interests 


in Geophysics or Theoretical Physics would be 
considered an additional advantage. 

Salary scales (under review): Senior Lecturer 
Le4.550 to LeS400 pia. Lecturer Le2.400 to 


Le4,740 p.a. CEE sterling = Le2}). The British Ex- 
patriates Supplementation Scheme is unlikely to 
be applied to these appointments. P.S.S.U. Family 
passages; various allowances: regular overseas leave, 
Detailed applications (2 copies), including a curri- 
culum vitae and naming 3 referees, should be 
seni by airmail. not later than September 3, 1974 
to the Secretary, University of Sierra Leone, Private 
Mail Bag, Freetown, Sierra Leone. Applicants 
resident in the U.K. should also send | copy 
to Inter-University Council, 90/91 Tottenham Court 
Road, London, WIP ODT. Further particulars 
may be obtained from either address. (571) 


AY HARRAH nan a 


SUB-EDITOR 


BUTTERWORTH'’S,. who publish a wide range of 
scientific titles. are looking for a sub-editor to 
assist in the publication of the International Union 
of Pure and Applied Chemistry (1.U.P.A.C.) series. 
Previous editorial experience is required, us is a 
specialist knowledge of organic chemistry. 

The offices are situated in pleasant rural surround- 
ings at Borough Green, near Sevenoaks, Kent and 
company transport is available from certain sur- 
rounding districts. 

Salary according to N.U.J. scale. 

Please write, giving details of age, qualifications 
and experience to: 


Mr F. Langton, y 
Butterworth & Co. (Publishers) Ltd., 
Borough Green, 
Nr. Sevenoaks, 
Kent. 

(574) 


hree years’ research 


Chemical or Biochemical Engineer 
and Fermentation Technicians for 


Fermentation Research 
and Development 


Fermentation Technicians 


You will carry out development work concerned with the 
production of single-cell protein from methane. You 


should have experience in fermentation processes and be 
in possession of an HNC or equivalent in Chemical 
Engineering, Biochemical Engineering or Applied 
Biology. Experience in pilot plant fermenter and process 


equipment operation would be an advantage. 


The level of appointment will depend on background and 


Imperial College 


A Postdoctoral Research Assistant 
is required in the Metal Physics 
group for experimental work on the 
Super-Conducting Proximity Effects. 
Candidates should have a Ph.D. or 
confidently expect to obtain one 
shortly, and should have experience 
of work at low temperatures. 
Familiarity with Super-Conductivity 
and Radio-Frequency techniques 
would be an advantage. The 
appointment will be for a 

maximum of three years beginning 
October |, 1974. 


The starting salary will be 

£2,118 plus £213 London Allowance 
and Threshold Payment with 

F.S.S.U. Curriculum vitae and the 
names of at least two referees 

should be sent as soon as possible to: - 


Dr J. G. Park 
Department of Physics 
Imperial College 
London SW7 2BZ 

Tel OI 589 S111 Ext. 2303 


(570) 
HERIOT-WATT UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


RESEARCH TECHNICIAN 


to work on the synthesis and reactions of new 
penicillins, Applicants should have appropriate 
qualifications for synthetic organic chemistry. 
Salary up to £1,704 by £54 to £1,812 p.a. 
Applications, together with curriculum vitae and 
names of two referf®es to Dr M. M. Campbell, 
Department of Chemistry, Heriot-Watt University, 
Riccarton, Currie, Midlothian. (576) 


experience and the salary offered will be competitive. 
There is an excellent pension scheme, a good staf 
restaurant and sports/social facilities are provided. 

Please write, indicating which position you wish to apply 
for, giving full details of personal background and ex- 
perience to: Shell Research Limited, Recruitment 
Division (N), PNEL/34, Shell Centre, London SEr7NA. 


(588) 


UNIVERSITY OF MALAWI 
CHANCELLOR COLLEGE 


Applications are invited for (a) SENIOR LEC- | 
TURESHIP or ( LECTURESHIP IN BIOLOGY | 
(PLANT PHYSIOLOGY), tenable as 
possible. Candidates should have a higher degree, — 
preferably a Ph.D. and some teaching experience — 
in Plant Physiology. An interest in apphed Plant 
Physiology and Biochemistry is required. Appoin- — 
tee will be required to teach Plant Physiology to 
ard and 4th Year degree students and assist with - 
elementary work in ist and 2nd Year. Salary 
scales (including expatriate addition}: (a) K5,242 
to KS S881 pa. fb} K2,809 to K4,714 pa.. plus 
either a University Addition of K720 pia, Gaxable 
in Malawi) or the British Government may sup- 
plement salary in range £600 to £1,080 p.a. (ster- 
ling) for married appointee or £300 to £3800 pa. 
(sterling) for single appointee (narmally free of all - 
tax) and provide i 
and holiday visit 
Gratuity of 18% 





passages. (£ 


allowances; biennial overseas leave: housing. De- 
tailed applications (2 copies) including a curricu- 
lum vitae and naming 3 referees, should be sent 
by airmail, not later than September2, 1974 to 
the Registrar, University of Malawi, University 
Office. P.O. Box 278, Zomba, Malawi, Applcants 
by airmail. not later than September 2, 1974 to 
Inter-University Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further particulars may 
be obtained from either address. (572) 





THE UNIVERSITY OF ADELAIDE 


invites applications for four appointments as 


LECTURER IN ZOOLOGY 


Applications will be welcomed from persons with 
interests and expertise in one ar more of the follow- 
ing fields: educational innovation at the tertiary 
level, ecophysiology of aquatic animals-——freshwater 
or marine, ethology; parasitology. Applicants with 
experience in tertiary teaching and with interests 
in other fields may be considered. It is desired that 
successful applicants be able to take up their pdsi- 
tions early in January 1975. 

SALARY SCALE: $A9,002 by 479 (4) by 478 
(3) to $A12,352; with superannuation on the 
FSS.. basis. 

FURTHER INFORMATION, including Hst of 
particulars required in an application, is available 
fram the Registrar of the University or from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London, 
WCIH OPF. . 

APPLICATIONS should reach the Registrar, 
G.P.O. Box 498, Adelaide, South Australia 5001, 
not later than August 23, 1974. {580} 


soon as | 


children’s education allowances coes: 
sterling =K L99) oo: 
to 25%; superannuation scheme ii 
transferable with F.S.5.U.; family passages; various coti 











S toral Research Assistant 
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PORTSMOUTH POLYTECHNIC 
BIOPHYSICS LABORATORIES 


Two posts of Research Assistant are available 
in the above laboratories to join a large research 
team under Dr E. M. Bradbury, working on the 
problem of the structure of the chromosome, A 
wide range of physical and biochemical techniques 
are employed, including X-ray and neutron diffrac- 
tion, electron microscopy, gel filtration and ultra. 
centrifugation. The successful candidate will pro- 
bably have an honours degree in either chemistry, 


biochemistry or physics, together with a lively 
interest in the control of fundamental biological 


processes at the molecular level. 


The appointments will be for a period of three 
years and registration for a higher degree is 
expected. 


Salary scale: £1,320 to £1,420 per annum. A 
threshold payment currently £10.44 per month is 
alsa payable. 

Application forms 


é and further particulars may 
be obtained from the 


Staff Offieer, Portsmouth 
Polytechnic, Alexandra House, Museum Road, 
Portsmouth, POL 200, within IG days of the 
publication of this advertisement. (873) 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ASTRONOMY 


RESEARCH ASSISTANT IN 
INFRARED ASTRONOMY 


Applications are invited for a post of Postdoc- 
in observational infrared 
photometry from October 1, 1974. The appointment 
1 a8 fer a period of one year, but extension will be 
considered, 

The Research Assistant will continue the deve- 
lopment of an existing infrared photometer, and 
its use in Tenerife and elsewhere for observations 
of H H regions and of extragalactic infrared 
SOUTCRS, 

Salary will be in the range £2,118 to £2,931 per 
annum with superannuation under F.S S.U. 


Applications, including curriculum vitae and the 
names of two referees. should be sent by August 
24, 1974 to Dr J. Smyth, Department of 
Astronomy, Royal Observatory, Edinburgh EH9 3HJ 
from whom further information about the post 
can be obtained. Please guote reference number 
S041. (591) 


ww 


Lister Institute of Preventive Medicine 
ELSTREE, HERTFORDSHIRE 


BLOOD PRODUCTS 
LABORATORY 


Recent graduate required for bacteriological work in connection with human 
blood products and to assist in research and development. Possible registra- 
tion for higher degree for appropriate applicant with first or upper second 
class honours degree. Piease apply stating qualifications, age and experience 
to: The Secretary (Ref: BP), Lister Institute of Preventive Medicine, Elstree, 
Herts., from whom further particulars can be obtained. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH 
MILL HILL — LONDON 


ELECTRON MICROSCOPY TECHNICIAN required, familiar with thin 
tissue sectioning, to assist in the examination of cells and = sub-cellular 
components during animal development. Experience in electron microscopy 
would be an advantage. Initial salary. according to age, qualifications and 
experience, will be on scales £1,683 to £2,577 p.a. or £2,346 to £3,147 p.a. 
Please write, quoting ref. EM/DB/BL, to J. H. Woodcock, Personnel 
Officer, National Institute for Medical Research, The Ridgeway, Mill Hill, 
959-3666 giving details of age, experience and quali- 





















(579) 














(S75) 


LINCOLN UNIVERSITY 
COLLEGE OF AGRICULTURE 


New Zealand 


CHAIR IN AGRICULTURAL 
MICROBIOLOGY 


The Counce of Lincoln College, a University 
College of Agriculture located in Canterbury, New 
Zeahund, invites applications for anpuintment to the 
Chair in the Agricultural Microbivogy at this Uni- 
versity College. 

The successful 


applicant will be Head of the 


Department of Microbiology, which is responsible 
for a major teaching programme from Diploma 


to Post Graduate fevel. and which has active re- 
search and advisory interests, The present establish- 
ment inchides 1 Reader. 2 Senior Lecturers. f Lee- 
turer, | Demonstrator and 3 Fechnicians. 

Applicants should hold an advanced university 
degree in an appropriate field and it would be 
expected that they would have had experience in 
teaching and/or research. 

The successful applicant will be appointed to the 
Position within the existiag range of professorial 
salaries, the commencing salary beme in accord- 
anes with qualifications and experience within the 
range of SNZIES,TLE to $NZ19.233 per annum. 

Expenses of appoimtment reimbursed up to speci- 
fed limits. The appointee will be eligible to join 
the New Zealand Government Superannuation fund, 
ar if eligible, he may eleet to continue for a 
limited period existing FSS. U. policies. 

Apply m writing for Conditions of Appointment 
obtainable from the Secretary General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. or from the Regis- 
trar, Lineoin College Canterbury. New Zealand. 

Applications clase on October 18, 1974. (582) 


naa aa anaana aeaa aaraa Prater riviera i Py Ar AAA tree rer li di ONO 


THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT OF BOTANY 
MICROBIOLOGY 
RESEARCH ASSISTANTS 
required to work on growth and development in 
grasses and clovers. Applications are invited from 
graduates in Botany, Agriculture or Biology. Suc- 
cessful applicants will have the opportunity to study 


AND 


for a higher degree. e 

Application forms and particulars obtainable 
from the Registrar to whom application should 
be sent by August 15, (578) 
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MONASH UNIVERSITY 
Melbourne, Australia 


DEPARTMENT OF PHYSIOLOGY 
fineluding Pharmacolouy) 


SENIOR LECTURER OR LECTURER 


The Department conducts courses for B.Sc., 
B.Sc. (Hons) and M.B., B.S. dexrees and accepts 
graduate students for M Se. and Ph.D. degrees. 
Research interesis include: brain ultra structure. 
neurophysiology. biophysics and pharmacology of 
central and peripheral synapses, muscle biophysics, 
circulatory physiology and pharmacology, renal and 
endocrine physiology. 

A medically quaithed candidate who can take 
responsibility for the organiation and teaching of 
a whole unit in ome of the courses offered by the 
department is sought for 1975. 

Salary seale currently under review): Senior Lec- 
turer (medically qualified) S$AIS.143 to $417,224 
per annum, Senior Lecturer SAE2.642 to $A14,724 
per annum, Lecturer (medically qualified) SATI,502 
to $AES8S2, Lecturer $A9,002 to $A12,352 per 
annum with superannuation based on an endow- 
ment assurance scheme, the employee and employer 
contributing 3°. and 10% respectively. 

Benefits: Travelling expenses for appointes and 
family; removal allowance: repatriation after three 
years’ appointment if desired: temporary housing 
for an initial period. Study leave entitlement accu- 
miufates at the rate of one month's leave for cach 
wx months’ service up to six years with provision 
for financial assistance, 

Further general information and details of ap 
plication procedures are available from the Aca- 
demic Registrar, Monash University. Wellington 
Road. Clayton, Victoria, Australia 3168. or the 
Secretary General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF. Enguiries about the Department to 
the Chairman, Professor R. Porter. in the Univer- 
sity. 

Closing date: Angust 30, 1974. 

The University reserves the righ to 
appointment or to appomt by invitation. 






make no 
(S&H 





JUNIOR TECHNICAL OFFICER 


required for Chromosome Laboratory in Depart- 
ment of Cytagenics and Immunology, Royal Mars- 
den Hospital and Institute of Cancer Research. 
Previous experience of human cvtogenies essential, 
Work in progress includes studies of chronic and 
acute myclopraliferative disorders and the effects 
of treatment on chromosome breakage. 

Salary according to qualifications and experience 
in scale £1.300 to £2,200 pius Stave HE and thres- 
hold awards. Applications in duplicate to the 
Secretary, Institute of Cancer Research, 34 Sumner 
Place, SW7 INU quoting ref. 301/B/S2&8 (577) 


An 


UNIVERSITY OF BIRMINGHAM 
SUB DEPARTMENT OF ETHOLOGY 


RESEARCH ASSOCIATE 
(Readvertisement) 


Applications are invited fram suitably qualified 
graduates tO carry out research on the source and 
nature of olfactory signals in mice. 

This work will be undertaken in close co-operation 
with a chemist and is intended to cover a three 
year period. Starting salary: £1,788 plus F.S.8.U. 

Applications by September 10 te Dr L H. 
Mackintosh, Sub-Department of Ethology, The 
Medical School, University of Birmingham BIS 
2TJ. from whom further details may be obtained. 

(890) 








University of New South Wales 
WOLLONGONG UNIVERSITY 
COLLEGE 
to become the 
UNIVERSITY OF WOLLONGONG 
Ist January, 1975 


LECTURER IN BIOLOGY (2 positions) 


The appointees wil be expected to help in the 
development of a course in biological energetics. 
One lecturer will be responsible for an instructional 
unit in biophysics with emphasis on cellular energy 
relations. Fhe other lecturer will be responsible 


for an instructional unit in the physiology of 
multicellular organism, again with emphasis on 
their energy relations, 


Further information may be obtained from Dr 
A. D. Brown, School of Microbiology, University 
of New South Wales, P.O. Box 1, Kensington, 
NSW, 2033, Australia. 

Commencing salary for both posts according to 
Guglifications and experience within the range 
$A9,002 to $A12,352 per annum, 

Conditions of appointment and applicatian forms 
available from Association of Commonwealth Uni- 
Sennie (Appts), 36 Gordon Square, London WCIH 

Applications close September 2, 1974. 

(385) 
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POSTDOCTORAL RESEARCH ASSOCIATE to 


study the molecular mechanism of hormonal acti- 
vation of adenylyl! cyclase using both membrane 
and whole cell systems, Experience m molecular 
pharmacology, membrane biology or cellular phy- 
siology required. Applications with full curriculum 
vitae and names of two referees to: 

Dr R. M. Epand 

Department of Biochemistry 

Faculty of Medicine 

McMaster University 

Hamilton, Ontario 

Canada, 

(596) 


THE UNIVERSITY OF MANCHESTER 


STATE REGISTERED TECHNICIAN to join 
team concerned wih chromosome and immuno- 
genetic research in the fields of birth defects and 
leukaemia. Experience in cytogenetics or immuno- 
logical techniques an advantage. 

Salary will be on the Whithey Council Scale for 
Medical Laboratory Technicians in the National 
Health Service. 

Applications should be sent to Dr R. Harris, 
Department of Medical Genetics, St Mary's Hos- 
pital, Manchester M13 OJH, together with the 
names of two referees. (592) 


Technical Field 
Officer 


We require a Technical Field Officer, pre- 
ferably aged between 20-25 years, (Male or 
Female}, who has recently graduated with a 
science degree, His/Her main responsibilities 
will be to assist in the design, running and 
evaluation of field trials on current animal 
health products and the development of new 
products. There wil be some involvement 
in the area of technical sales support. 


This post offers a chance to obtain ex- 
perience in commercial field research and 
development within a large international or- 
ganisation. 


The successful candidate will be provided 
with a company car, there ig a non-contri- 
butory pension scheme im operation, together 
with assisted B.U.P. membership and other 
fringe benefits. 


Please apply for an application form to: 


Mr K. G. Usher. 

Head of Administration, 

Elanco Products Lid., 

Broadway House, 

The Broadway, 

Wimbledon, 

London SWi9 IRR, 

Telephone No: 01-542 6600. 
(594) 


UNIVERSITY OF SIERRA LEONE 
FOURAH BAY COLLEGE 


Applications are invited for posts of (Ð) LEC- 
TURER IN INORGANIC CHEMISTRY and Gb 
LECTURER IN PHYSICAL CHEMISTRY, tenable 
as soon as possible. For post (i), appointee should 
be able to give courses to general and honours 
degree levels in three or more of the following: 
Th chemistry of non-transition and transition elje- 
ments; Electron Deficient Compounds: Ionic Solids: 
Inorganic Stereo-chemistry and Bonding: Analytical 
Techniques in Inorganic Chemistry. For post Gi), 
appointee should be able to give courses to general 
and honours degree levels in three or more of the 
following: Thermodynamics; Wave Mechanics and 
Quantum Chemistry; X-ray Crystallography, Molec- 
ular symmetry; Chemical Spectroscopy. 


Salary scale (under review): Le2,400 to Le4,740 
p.a. (£i sterling=Le2}. The British Expatriates 
Supplementation Scheme is unlikely to be applied 
to these appointments. F.S.S.U. Family passages; 
Various allowances: regular overseas leave, Detailed 
applications (2 copies), including a curriculum vitae 
and naming 3 referees, should be sent by air mail, 
not later than September 4. 1974 to the Secretang, 
University of Sierra Leone, Private Mail Bag. Free- 
town, Sierra Leone. Applicants resident in UK 
should also send f copy to Inter-University Council, 
90/91 Tottenham Court Road, London WIP ODT. 
Further particulars may be obtained from either 
address. (599) 















service). 















chemistry autoradiography, 
considerable advantage. 








UNIVERSITY OF RIYADH 
MEDICAL SCHOOL 
SAUDI ARABIA 
(In association with the 
University of London) 


Applications are invited from male honours 
graduates for the following post at the University 
of Riyadh Medical School. The vacancy which is 
for the premedical years. has arisen as a result 
of the rapid expansion of the School 


DEMONSTRATOR IN PHYSICS 


Applicants should have a higher degree and 
teaching experience. 

The University of Riyadh is an independent 
University established in 1957. In 1968 the Uni- 
versity established a Medical School in association 
with the University of London. The request by the 
University of Riyggth for assistance in this project 
is covered by a sponsorship agreement, The Uni- 
versity of London advises on the curriculum, the 
form and conduct of examinations, the physical 
facilities for teaching, the appointment of academic 
staff and other matters. From the outset it has been 
anticipated that this assistance would continue over 
a period of at least 10 years possibly extending to 
18 years. All teaching of medical undergraduates 
is im the English language. 


Salary Seale: Demonstrators: Salary and housing 
allowance will be negotiable im accordance with 
qualifications and experience. Not: fI sterling= 
Saudi Ryals 8.5. 

Appointments are for I year or jonger, renewable. 
Secondments would be considered. 

Detailed applications (3 copies) including a cur- 
riculum vitae and naming three referees should be 
sent not later than August 16, 1974 to the Inter- 
University Council for Higher Education Overseas. 
90-91 Tottenham Cot Road. London WIP ODT 
from whom further particulars are available. 

(606) 


British Museum (Natural History) 
Sub-department of Anthropology 


Primatologist | 


R Undertake research on fossil and Recent primates W Curate: 
primate collections W Answer enquiries on fossil and Rece: 
{d ist/2nd hons degree in appropriate subject LI At least 2 years’ po 
experience in fossil primates essential í oe -poe 
O Age normally under 32 C Appointment as Senior Scientific Oficer (around f 
£3500 -over £4750) or Higher Scientific Officer (around £2800-£37900) 
according to age and experience CI Ref: SB/24/DK. i y 
Application forms (for return by 16 August 1974) from Civil Se 
Commission, Alencon Link, Basingstoke, Hants RGzr 1JB, telephon 
Basingstoke 29222 ext. 500 or London 


i Interest in Recent primates: a 


KENNEDY INSTITUTE 
Division of Experimental Pathology 


CHIEF TECHNICIAN 


Salary range £3000 to £4400 p.a. inclusive. 


A Chief Technician is required to organise and administer the technical 
services of this active research group concerned with the structure and func- 
tion of lymphoid tissues combining morphological and biochemical studies with 
particular reference to nucleic acids. 
seniority of this post would be required. It is hoped that the successful 
applicant will become involved in the resarch activities of the group. | 


Experience in any of the relevant techniques which include histology, cyto~ o 
immunology and tissue culture would be a 


Written applications naming two referees to the Laboratory Superintendent 
The Kennedy Institute, Bute Gardens, London W6 7DW. Tel: 01-748 9966. 
































01-839 1992 (24 hour answering 






Appropriate qualifications for the. ae 








(597) ; 


ANGLIAN WATER AUTHORITY — 
GREAT OUSE RIVER DIVISION l 
Appointment of ee 
LABORATORY ASSISTANT (Biology) 


Applications are invited for the above appoint 
ment, preferably from persons with a degree. ¢ 
HNC. in a biological science, based m the Div 
sion's modern laboratory in Cambridge. Knowledge: 
ar experience of biological water quality survey 
rechniques, especially on a botanical basis would 
be advantageous. cr TEn REAA 

The salary will be within the A.P.2 grade (ELOJ: 
to £1,926 pa.. under review, plus threshold pay- 
ments} and the appointment is subject to- the 








NJC. conditions of service. Removal expenseso nec 
and lodging or travelling allowances may be- 
payable. 


Application forms can be obtained from the 
Divisional Scientist, Great Ouse House, Clarendon iiei 
Road, Cambridge CB2 2BL. telephone: Cambridge 
61561, to whom completed forms should be tëe 
turned by August 16, 1974. 


Applicants from within the Anglian Water 
Authority and the Water Industry will be given 


preference for this 
stance. 


appointment in the first im 
(393) 





THE FACULTY OF MEDICINE 
DIVISION OF BASIC SCIENCES 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 


invites applications for two positions at Assistant 
or Associate Professor level in Biophysics/General . 
Physiology. Preference will be given to those 4 
diviguals whose research interests are in the area 
biological membranes. Teaching responsibilitie 
biophysics or cell structure and function. 
curriculum vitae and names of three referees oto 
Biophysics Selection Committee, c/o Associate 
Dean (Basic Sciences}, Faculty of Medicine, tiie! 












XX. 
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ENTOMOLOGISTS 


Applications are invited from qualified entamo- 
lagists, for a two year appointment from October 1, 
1974 as a Higher Scientific Officer or Senior Selen- 
tific Officer. Candidates should have a first or upper 
second class honours degree, of equivalent, and 
preferably postgraduate experience in the field of 
plant virology 

The successful applicant will be required to con- 
tinue with studies which have been initiated on 
the incidence of vectors of grass and cereal viruses, 
the epidemiology and sources af resistance to insect 
pests. Experience with Aphididae would be ad- 
Vantageous, 

Starting salary 
experience in scale 


according to qualifications and 
HSO. £2.46) to £3,371 of 


S.8.0, £3,187 to £4,441, 
At least two years postgraduate experience is 
required for appointment as H.S.0. and four 


years for §.S.0, 

The post is pensionable and a new superannua- 
tion scheme is being devised. 

Applications by letter, together with the names 
af two referees, should be sent to The Secretary. 
Welsh Plant Breeding Station, Plas Gogerddan, 
Nr Aberystwyth, Dyfed SY23 3EB not later than 
August 31, 1974. {595} 





UNIVERSITY COLLEGE DUBLIN 
RESEARCH POSTS IN 
INVERTEBRATE ECOLOGY 


A Postdoctoral Fellow or Research Assistant or 
Postgraduate Student is required for a 3-year project 
sponsored by the National Science Council on the 
organisation and dynamics of grassland invertebrate 
communities, Applicants should hold an initial 
honours degree in Agriculture or Zoology and 
preferably have research experience in quantitative 
ecology. Applicants graduating this autumn will be 
considered. 

Full details from: 

Dre J. P. Curry, 

Department of Agricultural Biology, 
Faculty of Agriculture, 

University College, 

Glasnevin, 


Dublin, 9. (602) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ZOOLOGY 


A technician is required for work invalving the 
routine maintenance of a cell culture laboratory. 
Experience of tissue culture work and sterile tech- 
niques would be an advantage bul is not essential. 
Minimum qualification required t HNC. ar 
equivalent. The post, which is supported on out- 
side funds. is in the University Technical Assistant 
grade £1,599 to £2,022 plus threshold additions 
(presentiy under review). Application form avail- 
able from Secretary, University of Cambridge, 
Department of Zoology. Downing Street. Cambridge 
CR? 3EJ. (598) 


UNIVERSITY COLLEGE DUBLIN 
APPOINTMENT IN 
AGRICULTURAL BIOLOGY 


Applications arc invited for a teaching post in 
the Department of Agricultural Biology. Candidates 
should be honours graduates in Agricultural Science 


or Botany with postgraduate experience in Plant 
Physiology and/or Forest Botany. 
The current salary scale is: Assistant Lecturer, 


£2,420 by £129 to £3,323. 


Entry point on the relevant scale will be in 
accordance with qualifications and experience. 

A fon-contributory pension scheme and family 
allowances are additional to salary. An alternative 
contributory F.S.S.U. type pension scheme is also 
available, 

Prior to application, further information (includ- 
mg application procedure) should be obtained from: 

Mr J. P. MacHale. 
Secretary and Bursar, 
Jniversity College, 

Buifield, 

Dublin 4. 

Teiephone 693244 Exin. 431. 


Latest date for receipt of completed applications 
is Friday, August 23, 1974. (603) 





FELLOWSHIPS AND STUDENTSHIPS 








BRUNEL 


and Technology) 


Applications are 
Research Studentship 


This studentship is 
the industrial sponsor. 


This studentship is 
of M, Phil. The salary of 


Candidates~—-Male or Female 


Mr. G. R. Southern, 


Kingston Lane, 


INSTITUTE OF UROLOGY 
(UNIVERSITY OF LONDON) 


in association with St. Peter’s Hospitals 


Applications are invited for a Research Fellow 
{with medical and/or scientific qualifications), in 
the grade of Lecturer (Senior Registrar status}, 
for an investigation imto the ultrastructure of the 
kidney and urinary tract epithelium, The successful! 
applicant will be attached to the Electronmicros- 
copy Unit in the Department of Pathology, St. 
Paul's Hospital. Appointment for one year in the 
first instance, subject to renewal for a further 
period of two years. Applications to the Patho- 
logist CN), St. Paul's Hospital, Endell Street. Lon- 
don, 2. (390) 


UNIVERSITY 


(Department of Polymer Science 


invited for the 
from 
graduated chemists or material scientists. 


Work will be in the field of solid polymer characterisation 
but aimed at products of civil engineering end use. 


in that 
will be encouraged between the student/University and 


unique 


unigue in that very close 


£900 p.a. will 
addition fees and reasonable expenses will be met. 


should apply to:— 


BRUNEL UNIVERSITY 


Department of Polymer Science, 


Hillingdon, Uxbridge. 






Cementation Chemicals 


graduating and recently 











very close Hason 


liaison 
be paid. In 








INSTITUTE OF UROLOGY 
(UNIVERSITY OF LONDON) 


in association with St. Peter’s Hospitals 


Applications @re invited for a Research Fellow 
(with medical and/or scientific qualifications), in 
the grade of Lecturer (Senior Registrar status), 
for an investigation into the ultrastructure of the 
kidney and urinary tract epithelium. The successful 
applicant will be attached to the Electronmicros- 
copy Unit in the Department of Pathology, St. 
Paul's Hospital. Appointment for one year in the 
first instance, subject to renewal for a further 
period of two years. Appl&ations to the Patho- 
logist (L), St. Pauls Hospital, Endell Street, Lon- 
don, W.C.2. (391) 


UNIVERSITY OF KEELE 
RESEARCH FELLOWSHIP IN 
BIOCHEMISTRY 
Applications are invited for post of Research 
Fellow in Biochemistry Research Unit, The post 
is made possible by a grant from the Cancer 
Research Campaign. The appointee will join a 
team investigating the pharmacology of pinocy- 
tosis, and experience of cell culture would he 
an advantage. Salary on scale £2,118 x 129 x 165, 

with F.S.S.0. privileges. 

Enquiries and applications to Professor J, B, 
Lioyd, Biochemistry Research Unit, Keele Uni- 
versity, Staffordshire, STS SBG, to whom appli- 
cations should be sent by August 31, 1974. 

(465) 


UNIVERSITY OF OXFORD 
NUFFIELD LABORATORY OF 
OPHTHALMOLOGY 


RESEARCH STUDENTSHIP 


Applications are invited from graduates in Bio- 
chemistry or Chemistry for a studentship to in- 
vestigate the covalently-bound hexose of corneal 
collagen, commencing October 1, 1974 for 3 
years. 

Applications, naming two referees, should be 
sent to Dr J. J. Harding, Nuffield Laboratory of 
Ophthalmology, Walton Street, Oxford, OX2 6GAW, 
as spon as possible, (548) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


Applications are invited for an SRC. 
(C.A.S.E.}) STUDENTSHIP for a project involving 
the synthesis of a novel group of heterocyclic 
compounds. These are designed fto possess cor 
trolled chemical reactivity and potential herbicidal 
character. The work will be carried out in 
conjunction with LCE Plant Protection Limited 
and part of the programme will be performed 
at their Jealott’s Hill Research Station. Appli- 
cants should have for expect to obtain this 
summer) a good Honours degree or GRC. in 
chemistry and the suecessful candidate will be 
expected to register for a Ph.D. Applications 
including a curriculum vitae and names and 
addresses of two referees to. Dr. G. M. Black- 
burn, Department of Chemistry. The University, 
Sheffield S3 7HE (rom whom further information 
is available), Quote Ref. R.117/G. (543) 


QUEEN MARY COLLEGE 
University of London 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the following posts 
in a group working with Professor R. Bonnett 
on aspects of haemoglobm chemistry. Applicants 


should be well grounded in chemistry, but an 
additional interest in biochemistry would be an 
advantage. Starting date: October 1, 1974, or by 
arrangement, 


Postdoctoral Fellowship in Organic Chemistry, 
tenable for one year in first instance, but extend- 
able to two years. initial salary £2,118 per annum 
plus £213 London Allowance. 


Research Studentship, tenable for two years, 


leading to submission for the M.Phil. degree m 
Organic Chemistry. 
Applications in writing (giving qualifications, 


previous scientific experience and names and 

addresses of two referees) to the Registrar, Queen 

Mary College, Mile End Road, London El 4NS. 
(546) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF CHEMICAL SCIENCES 
SENIOR RESEARCH ASSOCIATE 


required to co-ordinate and develop work on 
computer applications to Nuclear Magnetic 
Spectroscopy. The post is held in conjunction 


with the Science Research Council Atlas Com- 
puter Laboratory at Didcot. but the work will 
normally be carried out at the University of 
East Anglia, Contact with N.M.R. spectroscopists 


in other British universities, is involved. The 
period of appointment is two years and should 
start for preference on October J, 1974. 


the part of the candidate in 
chemistry or N.M.R. spectro- 
scopy or computing is desirable, The position 
may attract a chemist or physicist who wishes 
to gain full-time experience in computing. The 
salary will be in the range £2,118 to £2,480 per 
annum, the initial point depending on the quali- 
aris of the successful candidate, plus F.S SLL 
enefits. 


Applications should be sent to Dr. R. K. Harris, 
School of Chemical Sciences. University of East 
Anglia, Norwich NOR 88C, as soon as possible, 
The names and addresses of two referees are 
requested. {549} 


Experience on 
either theoretical 
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UNIVERSITY COLLEGE LONDON 
_ RESEARCH STUDENTSHIP 


l Applications are invited from graduates (Class 
Yor 2) in Biochemistry or Zoology with bio- 
chemical interests to participate in a programme 
of research on haemoglobin and other blood 
proteins of lower Primates. Apply to Professor 
N. A. Barnicot, Dept of Anthropology, University 
College London, Gower Street London WCIE 
6BT. (545) 





UNIVERSITY OF WESTERN 
AUSTRALIA Perth 
FORESTS DEPARTMENT 


POSTGRADUATE RESEARCH 
FELLOWSHIP IN BOTANY 


Applications for the above-mentioned ap- 
pointment are invited from graduates with a 
first-class or upper division second-class honours 
degree in Botany, and Forestry or Agriculture 
graduates whose courses of study have extended 
over. at least four years and who have had 
appropriate research experience. The Fellowship, 
financed by the Forests Department of Western 
Australia, will be tenable for one year initially 
with prospects of renewal for up to two further 
years. The value of the Fellowship is $A3,150 
for per annum. The Fellow will be required to 
undertake research in a fleld covering mycological, 
physiological or ecological aspects of tree growth 
in relation to multiple use forestry, or such 
other fields as may be prescribed. 


Further information may be obtained from the 
Head of the Department, Professor J. S. Pate, in 
the University. 


Applications in triplicate stating personal par- 
ticulars, academic record, research experience, 
work proposed, etc., should reach the Staffing 
Officer, University of Western Australia, Ned- 
lands, ‘Western Australia 6009, by December 31, 
1974, Candidates should request two academic 


referees to write immediately to the Staffing 
Officer. 
Conditions of Appointment obtainable from 


the Association of Commonwealth Universities, 
(Appts) 36 Gordon Square, London WC1H OPF. 
(544) 


UNIVERSITY OF EDINBURGH 
DEWAR FELLOWSHIP FUND 


Applications are invited for a 


SENIOR. 
RESEARCH FELLOWSHIP 


tenable in the Department of Physics for a 
period of 2 years from October 1, 1974 (or 
as soon as possible thereafter). Applicants 
should hold a Ph.D. or- equivalent quali- 
fication. 

Salary will not be less than £2,118 per 
annum with F.S.5,U. benefits. 

The Selection Committee will retain dis- 
cretion, if a candidate of ‘sufficient distinc- 
tion is not available, to recommend the 


award of a 
JUNIOR 
RESEARCH FELLOWSHIP 
with salary in the range £1, 400 to £1,600 
with F.S.S.U. benefits. 

Preference will be given to candidates 
whose intended fields of research lie in 
domains in which the subjects of physics and 
chemistry overlap. 

Applications, naming two referees in each 
case, should be lodged with Professor W., 
Cochran, F.R.S., Physics Department, James 
Clerk Maxwell Building, Mayfield Road, 
Edinburgh EH9 3JX, not later than Septem- 
ber 6, 1974. Please quote reference number 
7009. (547) 





UNIVERSITY OFSURREY 
DEPARTMENT OF BIOCHEMISTRY 
S.R.C. RESEARCH STUDENTSHIPS 


Applications are invited for two research student- 
ships within the department. Research will involve 
study of the metabolism of steroidal and non- 
steroidal drugs, in which the department already 
has an active interest, 


The proposed programme of study would give 
the student instruction and experience in a wide 
range of chemical, analytical and biological tech- 
niques which are currently being employed in 
both industry and academic departments for 
studies m biochemical pharmacology and drug 
safety evaluation. Applicants are expected, to have 
a first or upper second class degree in a relevant 
subject. 


Applications, including a brief curriculum vitae 
and the names of two referees should be sent a 
soon as possible to:- 


Mrs M. L. Whatley (Ref: JC/AS) 
Department of Biochemistry, 
University of Surrey, 

Guildford, 


Surrey. (496)) 









European Molecular Biology Organization 
(EMBO) 


Short- and long-term fellc 
in molecular bioloc 


The European Molecular Biology Organisation intends to awar 
working in laboratories within the European area both short-term {fri 
to several weeks) and longer-term fellowships for collaborative researe 
training in molecular biology. are 







































The Short-term Fellowships are to support visits to other 
purpose of carrying out experiments with special techniques 
scientific collaboration or advanced training, and especially to “suppor 
arising at short notice. ut 






ke 








The Long-term Fellowships will usually be for a period of one year, ` 
for renewal will be considered, They will be awarded upon individua 
at the “junior”? level to promising young research workers who ma: 
prolonged periods in other laboratories working under the guidance of. 
the field of molecular biology. At the “senior” level, they may be a 
enable established research workers to gain experience in new approaches 
problems. Upon application by European Institutions fellowships at the 
level may also be awarded to specialists who can assist in the initiation and dev 
of research programmes in the sponsoring Institution. Such “sponsored” awards. 
be made to established workers at all stages of their career beyond the postdoctoral ‘stage, 
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may be obtained from Dr J. Tooze, 
6900 Heidelberg 1, 


(S21) 


Application forms and further details 
Executive Secretary, European Molecular Biology Organisation, 
Postfach 1022.40, Germany. 




















































RHODES UNIVERSITY 
GRAHAMSTOWN, 6140 


IMPERIAL COLLEGE 


Applications invited for Research 
Studentship mading to Pe D S SOUTH AFRICA i 
by the Analytical Chemistry Trust of the ; ga ee ETEA ca 
Society for Analytical Chemistry. for HUGH KELLY FELLOWSHIP 
investigation of the application of the The Rhodes University Council announces 
Opto-Acoustic Effect to Trace Analysis. establishment of the Hugh Kelly Fellowships. 
Candidates should possess a good Fellowships are for senior scientists wishing: . ti 
honours degree from a British undertake or continue their research in any’ o 
University or an equivalent the departments within the Faculty of | Science 
qualification acceptable to the trustees, the first of these Fellowships will become av 


Further information from, and z E t 3 the Der artm Ti 
applications to: Dr G. F. Kirkbright, Ba The ASI Spree j : 


gaf: 
Department of Chemistry, 
F Botany, Chemistry, Geography, ‘Geoloky 
Imperial College, London, SW7 2AY. (508) Mathematical Statistics, Mathematics (Applic 
j including Computer Science), Mathema 
(pure), Microbiology, Pharmaceutical Scienc 


Physics, Psychology, Zoology and -Entomo-- 
logy. 
Closely associated with a number of thes 
partments are the Leather Industries Research 
stitute, the Institute for Freshwater Studies and 
J.L.B. Smith Institute of Ichthyology. 
The Fellowship in 1975 is available for a peri g 
of six months, which period shall include tw 
academic terms of the University. The- emoiume: 
attaching to the Fellowship include an aw 
R4 000 (Ri—approximately 62 np. sterling) a 
a tourist class return air fare from the. Fellow’ 
place of residence, 
~ The Fellow will be required to present ihe- Hug! 
Kelly Lecture on a subject of his choice Tari 
the tenure of the award. 
Forms of application and further particulats may. 
obtained from the Registrar, to whom copei) 
involve radioimmunoassays and immuno- pleted applications should be submitted ea October 3 
affinity chromatography. 3i. 1974, ($135). 


Applications including names of two 
academic referees should be sent to Dr R, F. 
Murphy, Department of Biochemistry, Medi- 
cal Biology Centre, Queen’s University, 
Belfast, BTS JBL. (540) 


QUEEN’S UNIVERSITY, 
BELFAST 


Studentship in 
Biochemistry 


Applications are 
studentship, 


invited for a research 
three years, icading to a Ph.D. 
The research topic i the significance 
secretin in health and 
which is part of a collaborative re- 
Departments of 


degree, 
of immunoreactive 
disease, 
search programme of the 
Biochemistry and Medicine. The work will be 





LA TROBE UNIVERSITY 
MELBOURNE, AUSTRALIA 
RESEARCH FELLOW IN GENE’ 
AND HUMAN VARIATION | 


(one or two positions) 


DEAR IMENT CR CHEMISTRY Applicants will be appointed for one or “two x 
years, with possible extensions up to a total tenure 


POSTDOCTORAL FELLOWSHIP of three years. They will be expected to work in 


Applications are invited for a POSTDOCTORAL one of the areas of interest of the Department 
RESEARCH FELLOWSHIP for studies on models which include behavioural, cellular, ecological, í 
of the iron-binding site of transferrin, tenable from human, microbial, population and quantitative . 
September 1, 1974. The work will involve the geneties and cytogenctics. Enquiries may be dir- 
isolation and study of iron comp@unds of multi- ected to Professor P. A. Parsons, Chairman of the 


THE UNIVERSITY OF SHEFFIELD 


denate ligands—especially by M-ray crystallographic Department, in the University. l 
methods. Candidates should hold a Ph.D. in nor- Salary: $A7,545 to 2 by $A292 to 3 by $A29L | 
ganic Samy and ao xray. in o pena he to 4 by $A479 ia 5 by $A478 to SA12, 352, k 
metal chemistry an -qay crystallography is jae 


the ReGen of Canes 

36 Gordon Square. Londo 
WCIH OPF. or from the Registrar, La -Trob 
University, Bundoora, Victoria, Australia 30 


Applications close on September 13, 1974... 


aval ible from 


' s a Sz 4 > 5 ; 
for a second year. Salary up to £2,058 or £2,247 Universities (Appts), 


from October 1. Applications. with the names 
and addresses of eg eferees, to Dr N. A. Bailey 
a Dr E D. Mckenzie, Chemistry Department, 
eas Sheffield $3 7HF. Reference R 
BiG (552) 


Buses cpf publisanons and the 
foo SHG be sent, 











OF LEICES 
Tanan are invited for a CASE STUDENT- 
oo: SHIP. The Successful applicant will work with 
professor M. C. R. Symons on a research project 
entHied ‘“‘GuantHative atudy of Autoxidution Re- 
action with the ajd of ESR. and kinetic teche 
niques’. The research wil be conducted in 
eooperalion with Dr N. Dri and the student will 
apend a praportion of Ais/her time at the research 
laboratories at Waltham Abbey during the 3-year 
Pho. training. 

Applications 
C. R. Semons, 
versity of 


Should be made tu professor M. 
Deparimenl af Chermysiry, Uni 


Leicester, Leicester LEL FRH, from 


whom further detai may be obtained. (5253 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL FELLOWSHIP 


Applications are invited from Physicists and 
Chemists for a postdoctaral fellowship to study 
same of the unusual properties of liquid crystals. 
Atlention wil be concentrated an the behavigur 
of a diguid crystal when if is subject to a mag gMEkIC 
field and a viscous torgue produced by spinning 
the. sample. The response of the system to these 
DO pe ‘tlurbalions will be monitored with the and 
uf cigi ciron resonutice spectrascopy. Previous cx- 
perie nee in this branch of spectroscopy or of liquid 
erysials would be an advantage. 

The fellowship ix avaliable for a period of one 
year with a Salary £2,247 per annum, plus POS SU. 
brosefits, 

, Applications, including a curriculum vitae, fist 
names of rwo reforeis 





as soon as possible, to: Dr G. BR. 
Luckhurst. Department of Chemistry, The Univer- 
¥, Sout hanipton SOG SNH. (541) 


of FELLOWSHIPS for one. 
iw oor threes months are available in 1975, The 
salary will amoum fo about 4500F a month. 
Travel casts are at visitors own expense. Applica- 
Hons with list of publications should be sesi before 
Decumber 1, 1974 uw 


Monsieur fe Directeur de 
Le Mont Gros 

$6300 - NICE 

FRANCE, 


A small number 


PObservataire de Nice 


(384) 


SUBSCRIPTION — 
REDUCED RATE OFFER 


The 








TER 


publishers appreciate that the 
inevitable high cost of an annual subscrip- 
tion to Nature restricts many regular 
readers to a circulation or library copy of 
the journal; these readers unfortunately do 






“THE UNIVERSITY OF 
ASTON IN BIRMINGHAM 
DEPARTMENT OF BIOLOGICAL SCIENCES 


RESEARCH FELLOW 
IN FISH BIOLOGY 


Aplications are invited for a 
work im oa small research team 
Hawkes, studying the effects of a sewage effluent 
on the survival, growth and tissue contamination 
by metals of fish populations in simulated sireams. 
Experience in fishery biology--involving popula- 
tion studies and/or fish toxicuology—-involving his- 
lochemical techniques is required. The appointrmnent 
which will date from October p. 1974 will be for 

period af three years. 


Research Fellow Lo 


led by Mr H. A. 


Commencing salary wil be within the range 
EL tk to £2412 per annum on a scale rising to 
£636 per annum. 


Requests for further details and application 
forms (which should be returned not fater than 
August 26.) shuuld be sent. preferably on a post- 
card. quating Ref. No. ORS / .. , to the Staff 


Birmingham, 
{S56} 


Officer. the Aston in 


B4 TET. 


University of 


UNIVERSITY COLLEGE DUBLIN 
FACULTY OF AGRICULTURE 


POSTDOCTORAL RESEARCH 
FELLOW 


Applications are invited for a postdoctoral re- 
search fellowship to collaborate on a study af 
factors affectine intake and metabolism of sHage 
by ruminants on a three year project sponsored by 
the National Science Council, 
£2100 pa. 


Applicants should have a degree in 
ar Biochemistry oor Microbiology. 
appropriaie research experkence, 


Starting saliry al 
Agriculture 
followed by 
Enguires and applications should be sent to: 
Depariment of Agriculture Chemistry, 
Dr ¥. L Estrange, 

University College, 

C3 lashevin, 


Dublin F. (604) 


R. Alexander, 


not enjoy the privilege of a personal copy 


to read at leisure and to keep for future 


reference, 


To help such people we are making an 
offer (for a limited period) of a twelve 


months subscription for 


offer 
addresses 


if this experiment is successful, 


hope to be able to repeat 
over a wider area. 





| only £15 on 
condition that application is made on and 
within the terms described on the coupon 
attached. Weregretthatforthetime beingthis 
can only be made to people with 
in the U.K. and that it will be 
withdrawn on 31st October 1974. 


it and extend it 


DATE.. 


Limited., 


NAME 
ADDRESS 
we 

POSTAL CODE 





P. & R. Department, 
Macmillan Journals Limited, 
4 Little Essex Street, 
London WC2R 3LF 


Please enter me TE a years subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 


i enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 


The address to which | wish the journal posted 
is my personal address. 


Registered No. 785998 England. Registered Office: 4 Litte Essex St. 4 





Nature Vol. 250 August 2 1974 


UNIVERSITY COLLEGE DUBLIN 
DEPARTMENTS OF ZOOLOGY AND BOTANY 
RESEARCH FELLOWSHIPS IN 
RIVER ECOLOGY 

Two posts are offered for Research Fellows to 
cooperate in a “‘Base-line Survey of the Caragh 
River, Co Kerry’. Candidates should have obtamed 
a PRD! or be about to submit: those with an 
M.Sc. only will be considered if they have appro 
priste experiences. Experience should include the 
followin: 

Fellowshop Te-A general knowledge of stream 
and river fauna with expert knowledges jn at 
least two of the following orders (Ephemerunp- 
lulu, Plecoptera, Trichoptera or Diptera- 
Chronomidae), 

FeHowship HoA knowledge 
and techniques for the determination 
productivity. 

A knowledge of uppronriateg physical and chemical 

techniques is desirable for both applicants. 

The salary offered to a suitably qualified applicant 
is 1,800 io £2,280 depending on qualifications. 
The position is tenable for one year with a possible 
extension to a second year. The work wil be 
based in Dublin and an allowance for field ex- 
penses will be paid, 

Ht as hoped that candidates would take up the 
pasts on Getober 1, POW. 

Appheations should be forwarded to the under- 
signed, together with details of qualifications and 
the names of two referees before August 7, 1974. 
Botany Department, 
The Secretary, 
UCD., 

Belfield, 
Dubin 4, 


of fresh-water algac 
of their 


(6053 





FOR SALE AND WANTED 





Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 


Back Issues Department, 


Cannon House, Park Farm Road, 
Folkestone, Kent, England. 
Tel: Folkestone $7421. (1) 
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PERSONAL REDUCED RATE-—~-- 
SUBSCRIPTION ORDER FORM 
(Valid only if completed before 31st October, 1974) 
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Bringing automatic chemistry down to size 


ABA.100 will provide your 
ratory with a fully automatic 
rete and highly flexible clinical 
nistry analyser, which combines 
| Workload capacity with high 
tution spectrophotometry, both 
and visible. 

ed 


to 150 samples per hour. 


2 


y 


matic processing, data handling 
print out. 

venience 

‘tics and end points, 30°or 37°C,* 
conversions, increasing or 
easing absorbance measurement 
e flick of a switch. 


Accuracy & Precision 

C.V.'s typically better than 2% in the 
normal range. 

Temperature maintained to within 
+O. 1°, 

Automatic reagent blank correction. 
Data-calculations and conversions 
performed by integral mini-computer. 
Conversion directly into 1U/1 or mgm 


+ 





Automatic warning of non-linear rate 
reactions. 

Economy 

Saves substrate—uses as little as 
250 al. l 
Saves serum—uses as little as 5 ul. 
Saves time—30 glucose in 10 minutes 
Saves space—only 4 cubic feet of 


bench space. * 25°C AVAILABLE. 


AA OT 


Coulter Electronics Limited, 
Coldharbour Lane, Harpenden, 
Herts, AL5, 4UN, England. 


Telephone Harpenden 63151, Telex 825074. 
Electronics you can count on 
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Products 


The d Propionyl Coenzyme A [propionyi-1-0] NEC-649 
| 15-30mCi/mmole $62/10uCi $197/50uCi 


Centre if Aqueous solution (pH-5) Shipped in dry ice 


f i , = l | ARO: 
í ror ; | anann, Acetyl-Coenzyme A [acetyl-1- C] NEC-313 
z EN ape hee ot nent nana | Acetyl-Coenzyme A [acetyl-*H] NET-290 
radi o ch . micals | 3-Hydroxy-3-methyigiutary! Coenzyme A 

ee | [glutaryl-3- HC] NEC-642 
Malony! Coenzyme A [malonyil-2-'4C] NEC-612 
Oleoyl Coenzyme A [oleoyl-1-'4C] NEC-651 
Palmitoyi Coenzyme A [palmitoyl-1-'4C] NEC-555 
Stearoy! Coenzyme A (stearoyl-1-'4C] NEC-573 
Succiny! Coenzyme A[succinyl-1, 4-'4C] NEC-650 


NEN, New England Nuclear 


576 Albany Street. Boston, Mass. 22118 
Custorner service 617-482-9598 





NEN Canada Lid Dorval Quebec, NEN Chemicals GmbH Oreeichennain, Germany. 


PANE emer mE RAE LOOTED EONS RITE ATRIAL IR See OREN mite tO aaa Anana aaraa vreve mi mva 
eves re menw aana RANE SHE A mC UEHARA erananeverememarninvermrsahinin 


Some of the new 
labelled steroids 
available from The Radiochemical Centre 


[6.9(n)-*H] Oestetro! 





30-50Ci/mmol TRK.455 

(2.4.6,9(n)-' Hl Oestrio | 

70-90Ci/mmol TRK.453 

[6.9(n)—°H] Oestriol-16<-(B-D-glucuronide) p |] 

30-50Ci/ mmol TRK.456 S Marine Pollution Bulletin is published monthly and 


sets out to cover all aspects of the fight for life of lakes, 
estuaries, seas and oceans. it includes news, com- 
ment, reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. it publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 


(1.2,6,/7(n)- M -4-ene-3,17-dione 
80-110Ci/mmol TRK.454 





| | Recent research reports include: 
Full details on request. E | Distribution of Caesium-137 in British Coastal Waters, 

E | D. F. Jefferies, A. Preston and A. Steele. Export of 
Lead from Salt Marshes, M. Banus. |. Valiela and J. M. 
Teal. international Scope of Marine aaa Damage. 
D. P, Tihansky. Effects of Red Mud on Marine Animals, 
R.A. A. Blackman and K, N. Wilson. Pollution Problem 
ofthe Golden Horn, M. Karpuzcu. 





The Radiochemical Centre 





° Í | Annual Subscription £6.00 (£7.50 USA and Canada). 


Amersham T | Prices applicable only to orders starting before 31 


December 1974. Payment may be made in any Cur- 
rency at the qurrent exchange rate. Cheques should 
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ROLAMIX 


Laboratories throughout the world have been using the 
Rolamix when they require a thorough blending of 
specimens, The unique “double action” of rocking and 
rolling has been proved to be a time saving and very 
successful method of blending including fluids, plasma, 
powders and blood without frothing. 
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Telephone: Burgess Hill 5348. Telegraphic address 
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Now there is a choice of two models, the standard 
RM/54 with four power driven and five skid rollers or 
the RM/54A which has all nine rollers power driven. 
This facility overcomes the problems of rolling small 
light plastic bottles and where labels are not stuck on 
properly and also where the caps are larger than the 
bottle diameter. 








Y 1974 


lament ts sri ince aAa ere nee RAMAN Hi le ANA APY es erm 


LUCI (HAM LIMITED Labro Works, Victoria Gardens, Burgess Hill, Sussex, ENGLAND RH15 90N 


LABRO-BURGESS HILL. Telex: 87323 F51 Brighton. Code: Luckham 
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Guide to authors 


Nature accepts three types of 
communications: 


@ Articles are up tọ 3,000 words in 
length with at most six displayed items 
(figures and tables} and may either be 


reports of major research. developments in 


a subject or broader reviews of progress. 

@ Letters are brief reports of 
research of unusual and wide interest, 
not in general longer than 1,000 
words: at most they have three or four 
displayed items (figures and tables). 

@ ‘Matters arising’ permits 
occasional short discussion of papers 
that have previously appeared in 
Nature. A limit of 350 words is 
placed on contributions in this 
category. 


Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing Gncluding references) should be 
double spaced. The title should be 
brief and informative, Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to ee 
if ‘a’ is more than one character. 
Articles should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. 


References are indicated by super- 
scripts in the text. The style may be 
gleaned from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 
only one reference number need be 
given. 


(ij) The last page as well as the first 
of any reference should be cited, 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
‘Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text. 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author's name. Line 
drawings should preferably be in 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 
The originals should be about as wide as 
a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling 
on photographs should if possible be 
avoided entirely. 


A fuller guide appeared in Nature 
(246, 238; 1973). 
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The time-bomb ticks on 


IN 1969 the Institute of Race Relations in London 
produced a massive report on race in British society, 
and in particular the problem of the coloured immigrant. 
Colour and Citizenship was a mine of information, not 
all of it very palatable. It also had some strong recom- 
mendations to make on the subjects of education and 
employment. 

Broadly, the report recommended that the Race 
Relations Board “should make full use of its powers to 
initiate investigations’. It continued, amongst other 
things, to say, “it is essential for a non-discriminatory 
employment policy that records be kept which 
distinguish employees by ethnic origin.” This would 
be seen by some as discriminatory in itself, but there was 
felt to be no other way to determine whether minorities 
were afforded equal opportunities. 

Five years later, the House of Commons Select 
Committee on Race Relations (in a report issued last 
week) is still loath to grant the Race Relations Board 
legal powers to initiate investgations, being dissatisfied 
with the preventive work it has done so far. 

But how does all this affect the scientist: surely this is 
a matter with which he may have some general liberal 
sympathy but is it not really an affair for the industrial 
shop-floor? 

About 2% of the population of Britain is coloured 
immigrant or of immigrant descent. West Indians 
comprise half this figure, Indians and Pakistanis another 
ve of it. By 1986 the 2% will be up to 3% or maybe 

%, depending on immigration policies and fertility. It 
is erroneous, even now, to assume that the distribution 
by age of this section of the population is such that the 
children of coloured immigrants are not yet at an age at 
which others seriously consider further education, say 16 


to 21. The percentage of immigrants in this age bracket . 


is Close to the percentage of the general population in 
the same bracket. Two percent of those eligible, in terms 
of age, for a university education are immigrants or of 
immigrant descent. 

The next question is, obviously, how many are getting 
a university education, and it is at this stage that prob- 
lems arise. Every university campus is, of course, a very 
multiracial affair but many of those contributing to this 
are temporary immigrants, in Britain for educational 
purposes. It is impossible to get statistics about per- 
manent immigrants at university; these figures do not 
exist, indeed some university registrars expressed sur- 
prise that we should wish to know the numbers, as in 
order to be scrupulously fair they could not possibly ask 
of candidates for admission anything more probing than 
their place of birth. 

This seems a wrong if well intengioned policy, and the 
sooner it is rectified in universities the better; the select 
committee has come to a similar conclusion in the moge 
general fields of employment (duplicating the 1969 


% proposals of the Institute of Race Relations). 
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Those who do not learn from history are forced to- 
relive it, and there are the clearest lessons from recent. 
American history. American experience—with a much: | 
larger minority group population—is that passivity in 
matters of race relations leads to greater alienation. It was _- 
simply not good enough to bemoan the lack of suitably. 
qualified applicants and place the blame elsewhere-—in 
the schools, in the social system or whatever. Accordingly 
the whole process of acquiring staff as well as students ` 
in many American universities, and particularly those = 
with government contracts, is a complex business of 
satisfying law enforcement agencies that positive steps 
have been made to recruit minorities. This is a tedious 
process in many ways, and is both irritating to the 
academic community and somewhat humiliating to the 
minorities involved. On the other hand, blunt as it is, tt 
is the only tool available to ensure that at least those 
who have some aspirations towards higher education 
do get reached. 

It would probably be wrong at present to go for 
measures as drastic as this in Britain if there is any hope = 
that lesser measures can succeed, and there may be a 
few years left before alienation is so total amongst some © 
immigrants that the thought of a university education is 
anathema. But the next few years will require some 
positive action—-one idea widely supported is that since 
many immigrants only discover in their twenties that they 
have unrealised potential for which higher education 
would have been beneficial, universities should come to. 
terms with a fairly regular intake of more mature immi 
grant students. Another need expressed by workers i 
areas of high immigrant numbers is for more peopl 
from places of higher education to visit their communit: 
not to announce that they are lowering standards fe 
immigrants, but to give potential students the challen 
of raising their own standards. 7 





















100 years ago 


LADY BARKER’S “LESSONS ON COOKING” 


First Lessonsin the Principles of Cooking, By Lady 
Barker (London : Macmillan and Co., 1874). 


N this little volume the authoress has proved beyond 
all manner of doubt how completely she is the right 
woman in the right place. Surely nowhere could the 
Committee for the National Training School for Cooking 
have found a lady superintendent better fitted than Lady 
Barker to put life and spirit into the scheme which 
they advocate, or one more thoroughly qualified to 
train and marshal the feminine bands that are now 
being drilled under her supervision in the South Ken- 
sington Schools of Cookery to invade and revolutionise 
the kitchens of the future in every part of the empire. 


From Nature, 10, 283, August 13, 1874. 
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The unendangered whale 





Dr Ray Gambell, of the Whale 
Research Unit at the British 
Museum (Natural History), discusses 
the new rules for whaling adopted 
by the International Whaling Com- 


mission this year and argues against 
previous calls for a complete mora- 
co torium. 





Ever since the 1972 Stockholm confer- 
ence on the human environment there 
has been a persistent call to impose a 
10-year ban on commercial whaling. 
_ This year’s annual meeting of the Inter- 


©. national Whaling Commission (IWC), 


held in London in June, again con- 
sidered this proposed moratorium. The 
IWC’s Scientific Committee advised that 
because the concept of individual 
species management is now operative, 
there is no biological requirement for 
a blanket ban on all catching, and 
indeed, catching of some species may 
be necessary to promote the maximum 
rebuilding of other depleted stocks 
because of interspecific competition. 
The IWC, which regulates about 90%, 
of the world’s whaling, therefore 
adopted an amended moratorium pro- 
posal which sets out the criteria by 
which the various whale stocks will be 
harvested in future. Briefly, these divide 
whale stocks into three categories; ‘pro- 
tection stocks’, which will not be hunted 
at all; ‘sustained management stocks’, 
which can be caught at carefully con- 
trolled levels; and ‘initial management 
= Stocks’, which are very abundant and 
can also be taken in suitably regulated 
numbers to prevent any risk of over- 
exploitation. 
,. By adopting this regime for future 
” commercial whaling activity, the IWC 
has effectively placed the regulation of 
whaling in the hands of its Scientific 
Committee. This committee is charged 
with the responsibility of allocating the 
various whale stocks into the three 
categories defined above, and then 
deciding the level of catch which each 
can sustain if it is available for exploit- 
ation. The original Convention for the 
Regulation of Whaling signed in 1946 
was formulated to provide for the con- 
servation, development and optimum 
utilisation of the whaling resources. 
This was to be based on scientific ffnd- 
ings, but could also take into account 
the interests of the consumers and the 
whaling industry. In the past the 





ing population size are not known for 


economic arguments of the latter two 
groups often outweighed the advice 
given by the scientists, with the con- 
sequent decline of some of the major 
whale stocks. Now the emphasis has 
swung very much towards the scientific 
side. It remains to be seen just how well 
the scientists can resist the political and 
economic pressures which up till now 
have been exerted mainly in the full 
commission meeting rather than in the 
Scientific Committee. 

The present scheme for the manage- 
ment of the whale resources can be 
seen as part of the general development 
of the policy adopted by the IWC in 
recent years. This is based on the con- 
cept of sustainable yield. In a stable, 
unexploited population the number of 
new recruits exactly balances the deaths 
due to natural mortality. When the 
population size is reduced by whaling, 
the recruitment rate increases through 
a lowering in the age at which the 
animals become sexually mature, and 
also by an increase in the pregnancy 
rate. The natural mortality rate also 
falls as whales are caught before they 
have a chance to die naturally. 

The exact forms of the relationships 
between the changes in recruitment rate 
and natural mortality rate with decreas- 


Fig. 1 a, A theoretical relationship 

between the net recruitment rate and a 

whale population size. b, Sustainable 

yield at each whale population size 

derived from the theoretical recruit- 
ment relationship. 
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Net recruitment ratel” 
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certain in the whales, although there is 
some evidence from blue, fin and sei 
whales that the recruitment rate m- 
creases linearly. In Fig. la such a linear 
form for the variation in a theoretical 
net recruitment rate with population 
size is shown. This represents the gross 
recruitment by reproduction less the 
natural mortality. Multiplying every 
population size by the appropriate net 
recruitment rate gives a number, plotted 
in Fig. Ib, which is the surplus of 
recruitment over natural deaths. This 
surplus is a yield which can be harvested 
indefinitely without changing the overall 
population size. As can be seen from 
Fig. Ib, the yield is small in populations 
which have been much depleted in size. 
It is also small in those populafions 
which have been but little reduced. The 
yield reaches a peak, the maximum 
sustuinable yield (MSY), at some inter- 
mediate population size which is gener- 
ally around half the original population 
number. Catching the sustainable yield 
will hold a population at its present 
level. Catching less than the sustainable 
yield will mean an addition to the total 
population size, which will therefore in- 
crease in numbers. For a population 
which is smaller than the level giving 
the MSY, this will allow some rebuild- 
ing towards that level; a population 
above that level will increase still 
further. Conversely, catching more than 
the sustainable yield will deplete the 
population, and for a population already 
below the MSY level will make it still 
less productive, 

It is relevant now to consider where 
the various whale populations stand in 
relation to their MSY positions. In both 
major whaling areas, the Southern 
Hemisphere and the North Pacific, the 
Same species are in very similar states. 
Blue, humpback and right whales are 
very seriously depleted and far to the 
left in the yield diagram (Fig. tb). This 
is why they are totally protected from 
catching by the IWC. Grey whales in 
the North Pacific are also protected, 
although they have recovered from a 
very low level and now seem to be 
stabilised near their former original 
number. 

Sei whales are close their MSY levels 
in both regions, although there are some 
variations between the component 
stocks in each case. Male sperm whales 
are also close to their MSY levels, but 
the females are relatively unexploited 
and far to the right of the yield diagram. 
Antarctic minke whales are also very 
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The end of the line. 





Copyright: National Institute of 
Oceanography. 


abundant, as they have only been 
caught in large numbers in the past two 
seasons. 

Fin whales, although a major com- 
ponent of the whaling industry’s 
economy, are only at a third or a half 
of their MSY levels, and so need to 
rebuild in both regions. 

Since 1965 the IWC has had the 
stated intent of setting the catch limits 
below the sustainable yields as calcu- 
lated by continuing assessments. At that 
time the catch limits for the Antarctic 
baleen whale were set in terms of Blue 
Whale Units (BWU). One BWU 
equalled 1 blue whale, 2 fin whales, 
2+ humpbacks or 6 sei whales. These 
values were based on the relative oil 
yields of the different species, but the 
system was unfortunate because it took 
no account of the fact that each species 
may need a different degree of protec- 
tion. The same criticism can also be 
levelled at the idea of a total mora- 
torium on whaling, for not all whale 
stocks require such protection. 

Catches of whales in the North 
Pacific have always been limited on a 
species basis, and from 1972 the 
Antarctic catch limits have also been 
set species by species. An even finer 
degree of control would be achieved 
by regulating the breeding stocks in- 
dependently, but these cannot yet be 
fully identified. As a move in this 
direction, though, the IWC has now 
subdivided the Antarctic into three 
areas, and imposed maximum catches 
for each species in each of these areas. 

Sperm whales, the largest of the 
toothed whales, did not come into the 
BWU system. In 1972 the Scientific 
Committee recommended that the 
catches of this species should be limited 
by each sex separately. This is practic- 
able because the male sperm whales 
grow considerably larger than the 
females. The females had been pro- 
tected from much catching by a 
minimum size limit. The Scientific Com- 
mittee therefore also recommended that 
this size limit should be reduced, so 
that more females could be caught to 
bring the sexes into better balance. This 
is reasonable with the total catch limits 
imposed, which include a subdivision 
of the Southern Hemisphere into three 
areas with separate limits for the sexes 
in each. į 

The overall catch limits set this year 
are summarised in the Table, together 
with the estimates of sustainable yields. 
It is apparent from all this evidence that 





the catches will not cause any species 
to be in danger of becoming extinct. 
Even the fin whale, which is the most 
reduced of the major species still 
hunted, should be rebuilding slowly. In 
addition, the IWC is committed to stop 
the capture of all fin whales in these 
two regions at least by 1976, so that the 
populations will then increase at the 
maxmimum rate possible. 

The Scientific Committee will hold a 
special meeting to consider the assess- 
ment and status of all whale stocks in 
time to advise the commission next 
year on these matters. In addition, it 
will put forward detailed plans for 
extensive monitoring and research on 
the stocks. It is hoped that the costs of 
these projects, running into several 
millions of pounds, will be met by the 
United Nations (UN) Environment 
Programme, the UN Food and Agri- 
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cultural Organisation and other similar 
agencies. 

There is much research needed. Up te 
the present, each whale species has bee 
considered in isolation, without rega! 
to the other whale species or the rest 
the environment. Evidence of int 
actions is now becoming available. 
addition, concepts involving the bion 
of whales rather than their num 
will require study before they caj 
incorporated into the sustainable ; 
models already employed. i 

At all events, the future fo. aw | 
whales looks bright. There is no danger 
of any of them disappearing through 
overexploitation under the present con- 
trols, and there is the prospect of 
management being grounded on rational 
policies designed to provide the greatest 
long term benefit from this considerable 
natural resource of the oceans. 








Overall catch limits set by the IWC and the estimated present sustainable yields of 
the whale populations 


oe an 
Antarctic 
Quota SY 
Fin 1,000 3,200 
Sei 4,000 5,200 
Minke oa 7~-12,000 
Sener ae ; 8,500 
Sperm* y 5,000 4,500 


North Pacific 





Quota SY 
300 750-900 
. 2,000 2,500 
6,000 6,200 
4,000 1,700 





*Whole Southern hemisphere. 
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international news 





Two years ago a massive research pro- 
gramme on cardiovascular disease was 
launched in the United States when 
Congress passed a bill inelegantly en- 
titled the National Heart, Blood Vessel, 
Lung and Blood Act of 1972. Modelled 
on the rhetorically overburdened cam- 
paign for the conquest of cancer, the 
research programme has received 
enthusiastic endorsement by President 
Nixon, who has repeatedly reaffirmed 
the administration's commitment to 
find ways of reducing the death toll 
from heart disease—“‘the nation’s num- 
ber one killer’. But an expert com- 
mittee, which is supposed to keep an 
eye on this frenzied research pro- 
gramme has charged that the effort so 
far has been grossly underfunded and 
badly misdirected. In short, the Admi- 
nistration’s commitment has been long 
on rhetoric but short on dollars. 

The criticisms were made in a report 
to Congress by the National Heart and 
Lung Advisory Council which was 
actually written in December last year 
but which has spent the past seven 
months being reviewed by the Office of 
Management and Budget and the 
Department of Health, Education and 
Welfare. President Nixon finally passed 
the document on to Congress last week 
with the message that it “merits serious 
consideration’, although it contains 
recommendations which are “at vari- 
ance with the Administration’s views”. 

Chief among those recommendations 
is that the National Heart and Lung 
Institute (NHLT) should be given a 
budget this year of $520 million, instead 
of the $309 million proposed by the 
Administration. The council charged 
that the amount of money being spent 
on cardiovascular research was actually 


A SOUTH AFRICAN gynaecologist is 
pioneering a technique for fallopian 
tube transplant operations which may 
offer a better answer than in vitro 
fertilisation for childless women. 

For in vitro fertilisation to take 
place the egg must be caught at the 
precise moment of ovulation, and 
since ovulation can occur at any time, 
doctors must be on constant alert and 
time-consuming observations of the 
woman is needed. By contrast, the 
suggested transplant technique is much 
simpler and cheaper, because after a 
short operation nature can take its 
course. 

According to Dr Abraham Rubin, 
he and his colleagues at the University 


Heart research 
short on cash 


by Colin Norman, Washingion 


less last year than in 1968 if inflation is 
taken into account, and it reported that 
“the resources for this accelerated attack 
fon heart disease] have not been forth- 
coming”. 

Such complaints have come as no 
surprise to the Administration, or to 
anybody else for that matter, since the 
council is composed chiefly of scientists 
directly or indirectly engaged in re- 
search on cardiovascular disease, and 
the report thus has all the appearances 
of special pleading by a section of the 
biomedical community. Although the 
Administration has so far made no 
formal public response to the council’s 
recommendations, officials point out 
that the National Heart and Lung 
Institute (NHLI) has in fact fared 
relatively well. Since this year the 
Administration proposed a hefty in- 
crease in its budget ($25 million) while 
all the other institutes at the National 
Institutes of Health with the exception 
of the National Cancer Institute either 
had their budgets cut or kept static. 

Nevertheless, it is difficult to deny 
that much of the proclaimed attack on 
heart disease has gone off at half cock, 
at least when it is measured against the 
intentions of the 1972 Act. The Bill 
suggested that $460 million should be 
spent by NHLI in the 1974 fiscal year 
-which ended on July 1 this year—and 
that $520 million should be spent in the 
1975 fiscal year. Only $280 million was 


Transplant babies? 


from lan Ridpath 


of the Witwatersrand Medical School 
in Johannesburg are hoping to start 
soon an experimental programme that 
will lead to the first operation of this 
kind in women. 

Fallopian tubes for transplant are 
readily ayailable from women who 
have had a hysterectomy. Substituting 
them for diseased tubes is a relatively 
simple operation that is little more 
than an extension of existing surgical 
techniques regularly used by gynae- 
cologists. Successfll fallopian tube 


spent last year, however, and the 
Administration has proposed a budget 
of $309 million for 1975. 

Aside from the question of funding, 
the council also takes the Administra- 
tion to task for a variety of other sins, 
chief of which is the move early last 
year to abandon the policy of providing 
fellowships and traineeships for bio- 
medical scientists. Although the coun- 
cil neglects to mention that in July last 
year the Secretary of Health, Education 
and Welfare, Caspar Weinberger, an- 
nounced that the Administration would 
not scrap the training programmes after 
all, it states that the unavailability of 
funds for biomedical training “has 
reduced the research manpower and 
the productivity of many of the very 
best research groups supported by the 
National Heart and Lung Institute.” 
(Last month, Congress finally approved 
a bill which will more than double the 
Administration’s proposed expenditure 
on biomedical research training. Admin- 
istration officials said last week that 
they are looking at ways to implement 
the bill, and presumably that will still 
the criticisms of the’ council.) 

The council also comes up with a 
clutch of recommendations for endow- 
ing chairs at universities for professors 
engaged in cardiovascular research, for 
maintaining a good balance between 
grants and contracts, and for establish- 
ing special research and demonstration 
centres around the country. Another 
prominent suggestion is that Congress 
should establish minimum qualifications 
for members of the council itself; this 1s 
believed to be a reference to the fact 
that the singer Frank Sinatra was 
appointed to the council last year, but 
failed to attend any of its meetings. 


transplants have already been per- 
formed on sheep by Dr M. Katz at 
the University of Cape Town, and 
Dr Rubin thinks that the same tech- 
nique can be extended to humans. 

It would be particularly valuable 
where infection of the fallopian tube 
is common, says Dr Rubin. Unhke 
other forms of transplant there are no 
worries about rejection, since the tech- 
nique is to use the tube for one cycle 
and then it can be removed. Rejection 


only becomes a problem after three to 


four weeks. Donors do not therefore 


dhave to be specially selected, which 


helps to make the operation more 
widely available, and Dr Rubin en- 
visages it being performed regularly. 
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Geologists 
as professionals 


from Peter J. Smith 

PHYSICISTS, chemists, biologists and 
mathematicians in Britain have their 
respective professional institutes, and 
there are no less than 15 chartered 
institutions catering for the needs of 
the various types of ‘engineer, British 
geologists, by contrast, have no profes- 
sional body, although members of 
certain subdisciplines within the earth 
sciences are eligible to join appropriate 
existing organisations (some geophy- 
sicists, for example, are members of 
the Institute of Physics). So is there 
a case for the formation of a profes- 
sional Institute of Geology? A working 
group sponsored by the Geological 
Society believes there is, and in its pub- 
lished report (Report of the Working 
Party on Professional Recognition, 
Geological Society of London; 1974) 
recommends that the degree of support 
for a professional organisation in geo- 
logy be widely tested. 

The Geological Society itself is a 
learned society, but has lately been 
finding it difficult to reconcile its tra- 
ditional role with the need to represent 
British geology to the outside world. 
As an example of this need, the report 
cites the setting up in 1973 of the 
Council of Environmental Science and 
Engineering by the two councils repre- 
senting, respectively, the professional 
science institutes and the chartered 
engineering institutions. Because there 
is no professional body of geologists 
affliated to the two sponsoring coun- 
cils, geologists have no formal partici- 
pation in an organisation concerned 
with environmental problems. 

Because earth science is one of the 
two branches of science most directly 
concerned with the environment, the 
need for a ‘voice of British geology’ is 
clearly much more than a parochial 
academic matter. The Geological 
Society working group has therefore 
examined in some detail the case for 
a professional body which ‘‘would be 
expected to provide representation of 
geological interests at different levels”. 
But external representation is not the 
only, nor perhaps even the principal 
function of a professional institute; 
and it is envisaged that the proposed 
Institute of Geology would also operate 
a code of ethics and professional con- 
duct, set professional standards for the 
various categories of membership, pro- 
vide advice on career structures and 
personal security, and disseminate in- 
formation on general and professional 
matters. 

But if the idea of an Institute of 
Geology (by this or any other name) 
comes to be widely accepted, how 
could it be put into practice? The re- 


port considers five ‘alternative [sic] 
pathways” (in addition to maintenance 
of the status quo) but in the end rejects 
four of them as unlikely to succeed. 
The first—the creation of a profes- 
sional class of Fellowship within the 
Geological Society-—-was rejected at an 
early stage in the discussions because 
although it would strengthen the 
society financially and allow it to speak 
for professional geology nationally, it 
would probably lead to a dissension 
among the ranks of the non-profes- 
sional geologists (the ‘“‘second class 
Fellowship’). Moreover, there is some 
doubt as to just what professional ser- 
vices the society would be allowed to 
offer under the terms of its Charter; 
the lack of significant additional services 
recently led to the failure of a similar 
scheme in South Africa. 

Indeed, the Charter seems to be a 
major stumbling block, for both it and 
the society's grace-and-favour apart- 
ments might also be put at risk by two 
other possible schemes — a more 
thoroughgoing conversion of the 
society into a professional-cum-learned 
society (a solution adopted by the 
physicists} or the creation of a new 
body under the society’s direct sponsor- 
ship. This then leaves Just two other 
possibilities—the creation of a new 
body by independent sponsorship, 
either with no society participation or 
with the society’s general support. The 
first of these is rejected because of the 
high costs arising from the need for 
administration and accommodation 
separate from the society and because 
of the possibility of conflict with the 
society. In the end, therefore, the 
working group recommends indepen- 
dent sponsorship with society support. 

The working group is now soliciting 
views from as many geologists as pos- 
sible, both on the idea of a professional 
body as such and on the proposed 
structure as set out in an appendix to 
the report. Those who respond should 
pay particular attention to the latter, 
for experience suggests that detailed 
organisational points which appear 
unimportant can, in fact, have pro- 
found consequences. For example, the 
working group suggests, without dis- 
cussion, that the new institute should 
“be established as a charitable body” 
—an apparently innocuous enough 
statement. But under the present, ad- 
mittedly chaotic, laws governing chari- 
table bodies in Britain this would 
prevent the institute from taking part 
in any activity remotely political. 
Registration as a charity would there- 
fore place constraints on the institute 
which are in many ways comparable 
to those now acting on the Geological 
Society itself. Would this be in the best 
interests of the geology profession? 

Finally, there es at least one sur- 
prising omission from the report. The 
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working group makes the contentious 
point that “the science of geology: 
embraces many diverse fields including 

geophysics . . ., but fails 
consider, or even mention, the anor 
lous position of British geophysic: 
within the Royal Astronomical Society. 
Although the working group does not 


regard itself “in any sense as repre- 
sentative’, it would surely have been 


sensible to have had a geophysical 
representative of that society on the 
group right from the start. 


Ispra’s ‘factor up’ 
energy programme 


THE energy crisis has done a service to 
both the solar and hydrogen energy. - 
projects at the largest of the European 
Community’s Joint Research Centres, 
that at Ispra on Lake Maggiore, origin- — 
ally an exclusively Euratom establish- 
ment. The aim of the solar work, which 
was only initiated in 1973, is to probe 
promising areas not well covered either 
by industry or national research estab- 
lishments in member countries, and a. 
substantial increase in funding is om 
pected this year. 

The approach may be described as a 
‘factor-up’ programme. Fundamental to = 
work at Ispra is that solar energy— = 
although abundant and nonpolluting— 
is both diffuse and intermittent. Accept- 
ing that it is already possible to heat a - 
house by solar energy—it is being done | 
in the French Pyrenees through air con- | 
vection generated in hollow blackened — 
walls—Ispra is investigating higher 
efficiency systems. For domestic heating 
it is pursuing a plug-in, fixed-angle 
collector unit (not a house) capable o 
generating 100° C where preser 
collectors do not surpass 65° C, large’ 
because of heat loss from the surfa 
of the collector. Small scale tests of © 
method are in progress and these - 
volve adaptation of the ‘anti- radiat 
cells developed by Francia. 

A temperature of 100° C i 
threshold value for another small 4 
‘domestic’ application of special int.cest: o 
in underdeveloped arid regions. “To | oe 
use the Sun to pump water out of the oe 
desert” as the brisk energy director. ate 
Ispra, Dr Joachim Gretz puts it. A heto oo 
source of this order could be coupled to 
a 1-kW power set able to pump up 
water for 8 hours a day (during sun- 
light) for human and animal sub- 
sistence. Dr Gretz points out that in 
many areas primitive concepts of the 
natural world mean that communities 
are dying of thirst while there is pump- 
able water only 16-60 m down. 

Looking further ahead Ispra sees real 
promise in quantum devices with which 
yields of 1 kW m™ would be possible 
through photoelectric or photochemical 
conversion. A 


vet 
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Victimisation 

Sir,—In your issue of July 12 you 
publish the appeal of Dr Peleska, the 
Czechoslovak scientist, to the World 
Federation of Scientific Workers. 

Unfortunately, the WESW has many 
allegations of victimisation against 
scientific workers brought to its atten- 
tion, involving many different. coun- 
tries. For example, in the same letter 
as that in which I reported the receipt 
of Dr Peleska’s letter to the vice- 
presidents of the federation, I also had 
to report two other allegations, in 
some respects even more serious. There 
was the case of Professor José Ferreira 
de Alencar, a Brazilian anthropologist 
and sociologist, who was said to have 
been imprisoned and ill-treated as a 
direct consequence of reports he has 
written on the social status of the 
people of North-East Brazil. There was 
also the case of Professor Horst Holzer, 
one of the leading sociologists in the 
Federal German Republic, who was 
dismissed in April 1974 by the 
Bavarian Ministry for Education and 
Culture because of his membership of 
the German Communist Party. 

There is no doubt of the policy of 
the World Federation of Scientific 
Workers on the question of the right 
of scientists to work. It is, for ex- 
ample, dealt with in the Declaration 
on the Rights of Scientists, adopted 
at the Ninth General Assembly of the 
Federation in Paris in 1969. Thus: 

“3.2. Scientific workers should 
have the right to work in accordance 
with their scientific capacities and 

Governments should endeavour to 

ensure this right. 


“3.5. Scientific workers should 
have equal rights in their profes- 
sions, regardless of sex, race, 
nationality, creed or political 


conviction.” 

We have affiliated organisations of 
scientific workers in 30 countries and 
they all accept these basic principles 
of the Federation. When a serious 
prima facie case of victimisation of a 
scientist is brought to our attention we 
refer it to our affiliated organisation if 
there is one in the country concerned, 
ask them to look into the matter and, 
where appropriate, either take action 
themselves or suggest possible action 
the Federation can take. In some 
cases in which we have intervenet! in 
this way appropriate remedial action 
has been taken. In other cases new 
circumstances have been revealed 


which have put a different com- 
plexion on the case. 

It is difficult to see what further 
action is open to us. The preamble to 
our Constitution states quite clearly: 
“The Federation will endeavour... to 
develop relations between scientists 
having regard to the autonomy of each 
organisation, to the equality of rights, 
to the avoidance of interference in the 
affairs of national organisations.” It 
is difficult to see how an international 
body could be based on any other prin- 
ciple. Differences of practice between 
different countries are very great and 
appropriate allowance must be made 
for this. Very many useful initiatives 
have been taken by the Federation and 
the close contacts maintained between 
our affiliated organisations in different 
countries are beneficial to scientists 
and for science itself. Our aim must be 
to strengthen these contacts. 

Yours faithfully, 
E. H. S. BURHOP 
World Federation of Scientific 
Workers, 
London, UK 


Ill reactor ? 
Sir,—-The United Kingdom is now not 


only a de facto but also a de jure 


partner in the Institut Laue Langevin, 
built around the high flux neutron beam 
reactor. Since we are equal partners in 
the running and use of the establish- 
ment, we might also claim an equal 
share in its name. Fortunately, the 
choice of a suitably alliterative British 
scientist is obvious. What could be 
better than to call it the Institut Laue 
Langevin Lonsdale. Such a choice may 
be justified on several grounds: 
Kathleen Lonsdale was a most dis- 
tinguished scientist, the first woman 
elected Fellow of the Royal Society. 
She was a crystallographer, hence 
her name has obvious associations 
with the high flux beam reactor. 
Just as von Laue and Langevin, 
Kathleen Lonsdale was all her life 
a champion of dignity and freedom. 
Changing ILL to ILLL would have 
the advantage that newspaper headlines 
could no longer be misunderstood, and 
there would be no danger of an 
announcement like “IH Deputy Director 
Returning to England” causing anguish 
to Dr W. M. Lomer’s friends. 
Yours faithfully, 
N. KURTI 
Clarendon Laborator®, 
Oxford 


Anonymous refereeing 


Sir,--It seems that the best way to 
obviate the misuse of the unilateral 
anonymity granted to reviewers is to 
extend anonymity to authors as well. 
When the reviewers get a paper from 
the editor but have no idea who the 
authors are or what their affihation is, 
they would find less pleasure in making 
unnecessary and uncivilised remarks. 
In addition, the reviewers would be 
able to judge a paper more justly and 
without prejudice. 

This bilateral anonymity programme 
is simple, and can work. And yet, after 
this is adopted I should like to go one 
step further in proposing that all papers 
be not only reviewed but also pub- 
lished anonymously. 

The idea “publish or perish” did 
stimulate scientific research for a while. 
But it has now come to the stage where 
too much energy is wasted in unneces- 
sary publications. I believe most scien- 
tists would agree that the total amount 
of papers published yearly could very 
well be cut 50% or more without show- 
ing any significant impediment in the 
progress of science. If this immense 
waste is allowed to continue, the 
advancement of science will actually 
be slowing down rather than moving 
faster. The main reason for this is that 
we place too much emphasis on the 
number of papers that a scientist has 
produced. One obvious result has been 
much unnecessary repetition. 

If all papers were published anony- 
mously, then the “status” of being a 
prolific writer would be diminished. The 
fight among authors about whose name 
should appear first would disappear. 
The scientific community could, fur- 
thermore, judge a paper solely on its 
merit. 

My ultimate hope is to dissociate 
totally the name from the achievement. 
If Einstein were alive today, I believe 
he would not mind if people discussed 
and utilised the great theory of relati- 
vity without mentioning or even know- 
ing his name. But I dare not advocate 
such a radical proposal at this time. 
Scientists are human, and as such must 
be selfish beings after all. 


Yours faithfully, 
TA-MING-FANG 
Division of Engineering and Applied 
Physics, 
Harvard University, 
Cambridge, Massachusetts 
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Older co nets 


lose their sparkle 

ON each successive approach to the Sun a comet becomes 
fainter. This phenomenon can be explained as follows. 
The nucleus of a comet can be considered as a conglo- 
merate of ices and dust, and the regular heating of the 
nucleus each time the comet moves through the perihelion 
position of its orbit leads to sublimation of the ices, the 
copious emission of volatiles, a concomitant loss in mass 
and either a reduction in the size of the nucleus or the 
production of a relatively ice-free, porous dusty mantle 
around the nucleus. Thus, the emission of volatiles 
decreases each time that the comet goes past the Sun and 
the maximum brightness of the comet therefore 
diminishes. Since the 1920s, however, there has been a 
considerable controversy as to the rate of this secular 
decrease in brightness. The protagonists today are 
Sekanina (Smithsonian Astrophysical Observatory, Cam- 
bridge, Massachusetts), Vsekhsvyatskij (Astronomical 
Observatory, Kiev University), and Kresdk (Astronomical 
Institute of the Slovak Academy of Sciences, Bratislava). 
A recent article by Kresdk (Bull. astr. Insts Csl., 25, 87; 
1974) adds fuel to the debate, the main point of which 
is not the fact that short period comets (those with periods 
less than, for instance, 20 yr and with a median period of 
6.8 yr) are short lived objects in Solar System terms, but 
whether their decay process has actually been observed 
as a secular decrease in brightness within the age of 
accurate astronomical observation, that is, the last century 
and a half. Sekanina and Vsekhsvyatskij think that decay 
has been observed; Kresdk disagrees. 

A principal difficulty is that photometric observations of 
comets, collected by Vsekhsvyatskij, have been used by 
other researchers without due consideration of the great 
hazards involved in comparing observations from different 
epochs between which instruments and observing tech- 
niques have both developed enormously. Use has some- 
times been made of visual magnitude data quoted to 
‘+ 0.1 mag without any consideration of systematic errors 
which may amount to many magnitudes (magnitude 
measures brightness on a logarithmic scale; one magnitude 
is equivalent to a 2.5 fold change in brightness). 

The head of a comet consists of a diffuse coma which 
surrounds a central condensation or nucleus. Observations 
made with comet seekers of low focal ratio and moderate 
magnification, or with small cameras, allow the intrinsic 
magnitude of the diffuse comet head to be compared with 
the point images of reference stars, without the introduc- 
tion of appreciable systematic error. If, however, the focal 
length and exposure time are increased, the apparent 
motion of the comet is accentuated and the image is 
trailed. Furthermore, in a telescope with a long focus a 
typical comet head of several minutes of arc in diameter 
may cover the whole visible field of view, adding to the 
sky background, and leaving only the nucleus to be 
measured. The luminosity of the nuclear condensation 
mayo be as low as 0.1-1% of the total luminosity of the 
comet. During the past two centuries magnitude estimates 
using small instruments or the naked eye have beeg 
a bys the plication. of large telescopes and astro- 















photography. That improves the detection limit of point 
sources but only partially affects the detection of large . 
and diffuse comets. ie 
Kresdk illustrates this problem by considering published ; 
observations of the 1962 appearance of Comet Tuttle- 
Giacobini-Kresak, which had a very small nucleus and a | 
large coma, The observations show systematic differences: 
there is an intensity ratio of 1000:1 between the most 
divergent observations. 
Incompleteness of observations also introduces a difficult 
problem: for example, the absolute magnitude (the mag- _ 
nitude that the comet would seem to have if it wasi 
in a standard position 1 AU from the Earth and the 
is not the only decisive factor effecting the probabili 
detection; there are also important geometrical cond 
of a seasonal nature. If there is a Gaussian random 4 
in the absolute magnitude at each return, then the co 
will most probably be discovered when the random f 
tuation makes it brightest (thus, the first observati 
non-typical). Moreover, as observing conditions i 
mine whether or not it will be observed on subse 
returns, the actual observations will be biased... 
limits of detection have decreased with time because 
instrumental improvements, minimum values whic 
detected easily now would, in previous decades, have 
missed. Both these effects bias the data towards a rate 
absolute brightness decrease which is too steep. x 
Kresák, using observations of the total brightness- of 
whole comet head, concludes that the secular decrease 
brightness of the periodic Comet Encke is only 1 ma 
century and not 3 mag per century, as was foun 
Sekanina (Astr. astrofiz., USSR, 4, 54; 1969). An 
rate of decrease is not accelerating. Kresak chec 
absolute magnitude results by using the maximum 
Magnitude at each apparition and obtained a $ 
decrease. P 
A rapid secular decrease in the brightness of sh | 
period comets would imply that the objects observed tor 
were considerably brighter in preceding centuries, ass! 
ing, that is, that they have not in the meantime 4 
captured from orbits of large perihelion distance. Ü 
tunately, short period comets are mostly too faint t 
recorded as naked eye observations in mediaeval 
ancient records, and Jovian perturbations drastically 
their orbits, which makes backward extrapolation. from. 
today’s observations exceedingly difficult. One exception is- 
Comet Encke, which has a relatively stable orbit well 3 
inside that of Jupiter. gan 
Ho Peng Yoke (Vistas Astr., 5, 127; 1962) produced a 
catalogue of ancient and mediaeval Chinese observations. 
A backward extrapolation of the secular brightness of- 
Comet Encke would imply an easy identification of Encke 
in Ho Peng Yoke’s catalogue; for example, extrapolation 
using Sekanina’s value would make the comet frequently 
brighter than Venus before 1700. Kresák, however, found | 
no evidence in the catalogue of periodic appearances of. 
Comet Encke, and thus concluded that Sekanina’s result — 
is too large. 7 
The high decay rates found by Sekanina and ‘Vsekhs- 
vyatskij have been applied by many authors to. 
death dates for individual comets. Kresák shows. 
that these projections would remove most o 
observed short period comets from our view w 
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next decade or so, but also that many comets are still 
visible long after their predicted demise, two more facts 
in favour of a slow decay rate. Vsekhsvyatskiy’s decay 
figures of 0.3-0.4 mag per revolution gives short period 
comets a lifetime of two centuries, and proposed accelera- 
tions of this rate reduces this life to a few decades. Kresak 
finds that during the period 1930-1970 the discovery of 
short period comets has stabilised at a constant level of 
seven per decade. This perturbational capture rate is, in 
fact, no adequate substitute for the rapid loss predicted by 
Sekanina. If the short period comet population is in equi- 
librium, Kresadk’s low values of decay rate must be 
applicable. 

Kresak concludes that the process of ageing of comets, 
and its effect on the variation in absolute brightness, can- 
not be satisfactorily explained by a simplified model of 
continuous mass loss which induces a continuous secular 
variation in absolute magnitude. Rather, observational 
evidence suggests strongly that the evolution proceeds 
stepwise, with short periods of abrupt evolution inter- 
spersed with long, relatively latent periods during which the 
brightness undergoes some fluctuation but in general 
remains essentially unchanged. 

Davip W. HUGHES 


Dirac completes 
his theory of 
large numbers 


Ir is not often that a man begins a new physical theory in 
his thirties, and then returns to finish it off forty years 
later. In a letter to Nature in 1937 (139, 323) Dirac added 
to his store of brilliant ideas a fundamental hypothesis 
concerning the values of various naturally occurring dimen- 
sionless numbers. In the past two years he has returned to 
this hypothesis to explore its consequences in detail. His 
latest article (Proc. Roy. Soc, A338, 446; 1974), deals 
with certain astronomical and cosmological topics. 

Dirac’s theory begins with the question: what is the age 
of the Universe expressed in some naturally occurring 
units? A fundamental unit of time is the interval required 
for light to cross a characteristic atomic dimension, say 
10 em. Then the age of the Universe comes out at about 
10° in these units. The significance of this number is that 
it turns out to be simply related to other large dimension- 
less numbers formed from astronomical and atomic data; 
for example, the total number of particles in the observable 
Universe is around 10", that is (10°), and the ratio of the 
electric to gravitational attraction between an electron and 
proton, e’/Gm-m, is also about 10°. In view of the fact 
that the first number obviously increases with time, the 
coincidences involved by these simple relationships seems 
great. Dirac’s explanation of this curiosity is that all such 
large quantities are connected, so that as the first increases 
with time so do the others. This is already a radical 
departure from conventional physics, which in addition 
imposes severe restrictions on cosmology. Dirac calls this 
connection the large numbers hypothesis, in which he 
expresses “‘great confidence”. 

In his 1937 article, Dirac was led by this hypothe#s to a 
model universe which expands with time ¢ like r’, making 
it about half as old as the more conventional big-bang 
models. In his recent work, however, the bald hypothesis 
is accompanied by a detailed gravitational theory which 
bears some similarity to the work of Hermann Weyl and 
E. A. Milne. A central feature of this work is the proposal 
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that there are really two space-time metrics: one, which is 
unmeasurable directly, enters into the Einstein equations 
(which remain valid) and the other is what is actually 
measured in laboratory experiments involving atomic 
apparatus. A connection between these two metrics is pro- 
vided by a consideration of the motion of the Earth around 
the Sun, which in Newtonian approximation is essentially 
determined through the relation GM=v’r connecting the 
Newtonian constant of gravitation G with the solar mass M, 
velocity of the Earth v and radius of the Earth’s orbit r. 

There then follows an argument which is typical of that 
used throughout Dirac’s work. In terms of Einstein units, 
the quantities in this equation are constant. But in atomic 
units one must satisfy the large numbers hypothesis, so 
that G must decrease as z` in order that e’/Gmemy, in- 
creases proportionally to ¢. Theories involving a changing 
constant of gravitation are not new: for example, Brans- 
Dicke theory predicts a similar effect. The change 1s, how- 
ever, very small and barely detectable with current 
technology. 

Once again, the number of particles in the Universe 
(10*Y at present, is required by the large numbers hypo- 
thesis to increase as f, which is interpreted by Dirac as a 
form of continual creation along the lines of the steady 
state theory. 

Two possible creation mechanisms are proposed, with the 
new matter either appearing concentrated in existing masses 
(multiplicative creation) or spread out in the intergalactic 
spaces (additive creation). In the latter case the mass M in 
the above equation is constant, so that r in atomic units 
varies like ¢°. In the former case Mer and ry. It 
follows that the ratio of the two metrics can be forn 
and that the Solar System must be either expanding or 
contracting with time. 

In terms of Einstein units, if multiplicative creation 's 
adding continuously to the mass M of the Sun, conservation 
of energy requires that the nucleons in the Sun decrease in 
mass as f° to compensate. Through the relation e*/Gm'<z 
this further requires ext? and # (Planck’s constant) «77. 
A number of interesting cosmological consequences follow. 
First Dirac argues that any universe consistent with the 
large numbers hypotheses must be static, to avoid the 
introduction of a characteristic cosmological epoch (that 's 
a constant large number). The red shift of distant galaxies, 
normally interpreted as a recessional effect, is instead 
accounted for by the decrease in the unit of atomic time 
interval. The Universe is prevented from gravitational 
collapse by the introduction in Einstein’s equations of the 
cosmological constant which may be non-zero for multi- 
plicative creation because of the correct time dependence 
of the metric ratio in this case. Dirac thus arrives at a 
version of Einstein’s original static model universe. 

In the case of additive creation Dirac proposes to con- 
serve energy by the introduction of an unobservable negative 
energy field spread throughout the Universe, along the lines 
of the C-field of Hoyle and Narlikar. The total energy 
density of the Universe thus vanishes, so that the global 
geometry is just the Minkowski space of special relativity. 
In comparing the two models, Dirac inclines to the latter, 
on the basis that the creation of new atoms in existing 
material would lead to insuperable difficulties concerning 
the crystaline structure of very old rocks. 

Dirac’s article is written in his usual lucid and direct 
style. The ideas it contains, a mixture of old and new, 
are probably unpalatable for most modern cosmologists. 
Yet they are the product of a lively imagination, challeng- 
ing the fundamental principles on which modern theories 
of astronomy, cosrfology and physics itself are founded. 
Coming from a physicist of Dirac’s stature, that is at the 


every least thought provoking. 


P. C. W. DAVIES 
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Passive transport 
of insect urine 


from our Insect Ph ysiology Correspondent 
Ir has long been realised that the 
Malpighian tubules of insect consti- 
tute a  filtration-reabsorption system 
comparable with that of vertebrates. 
But in the absence. of a glomerulus 
the flow of water is sustained by secre- 
tion in the upper region of the tubule, 
as in the aglomerular kidneys of some 
fishes, and not by pressure of the blood. 
Reabsorption of water can occur in 
the lower segment of the tubules, and 
in the hindgut and rectum—-as in the 
kidney tubules and cloaca of many 
vertebrates. As was first shown by 
Ramsay, the osmotic driving force for 
the flow of water is produced by the 
active secretion of ions, particularly 
potassium; although sodium and 
chloride can play a part in some insects. 
The wall of the tubules was believed 
to be readily permeable to small organic 
molecules, so that sugars, amino acids 
and the like entered along with the 
water; the valuable components were 
reabsorbed, while toxic materials and 
waste products were discarded. 

This problem of the passive permea- 
bility of the Malpighian tubules to or- 
ganic solutes has now been re-investi- 
gated by Maddrell and Gardiner (J. 
exp. Biol., 60, 641; 1974) in the blowfly 
Calliphora, the locust Schistocerca, the 
hawk-moth Manduca and the blood- 
sucking bugs Triatoma and Rhodnius. 
Some eighteen compounds, labelled 
with carbon-14 or tritium were used as 
test substances; mostly amino acids and 
sugars, but including urea, urea acid 
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Haemolymph 


Substances dissolved 
in the haemolymph 


and inulin. Most of the experiments 
were done on Malpighian tubules iso- 
lated in vitro in appropriate saline 
solutions; but the results were con- 
firmed by in vivo observations. The 
concentrations of the test substance 
in the bathing medium (M) and in the 
secretory product ($) were measured, 
along with the rate of fluid secretion, 
which could be varied experimentally 
by appropriate stimulation. It was 
found that there was always a linear 
relation between the M/S ratio and the 
rate of fluid secretion—as was to be 
expected if the transport was purely 
passive, the slope of the line being 
determined by the permeability of the 
tubule to the substance in question. 
There was thus, for example, a very 
gentle slope for the small molecules 
of xylose, as compared with the steep 
slope for the large molecules of in- 
ulin. Highly charged molecules pene- 
trate more slowly than those more 
nearly neutral electrically: thus L-val- 
ine accumulates at one fifth the rate of 
b-xylose. The permeability of the tu- 
bules to such materials as inulin 
(molecular weight 5,200) is surprising. 
In some experiments, where the tubules 
are secreting very slowly, inulin may 
reach a concentration in the secreted 
fluid nearly 50% of that in the bathing 
medium. The authors suggest that much 
of this passive permeability lies in the 
intercellular spaces (see figure). 
These experiments seem to have es- 
tablished the fact that the content of 
small organic molecules in the Mal- 
pighian fluid is determined by a passive 
non-discriminatory process. This means 
that the onus for conservation and 
discrimination resides in the re- 
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Schematic section of the 
wall of a Malpighian 
tubule to show the routes 
of transport of ions and 
water and diffusion of 
organic substances 
through the cell wall, 
S/M is the ratio of 
concentrations in the 
secreted fluid and in the 
bathing medium or 
haemolymph. 


eukaryotic cells methylation like the 












absorptive system. Here one is less well 
informed. The reabsorption of ions: 
the rectal epithelium has been w 
studied; and some absorption of amino 
acids and sugars occurs here. But a 
large part of the reabsorption probab 
takes place in the Malpighian tubules. 
themselves, notably in the lower seg-. 5 
ments, and perhaps in the ileum where 
this exists. Furthermore, not all 
‘secretion’ by the tubules is passive: 
some materials such as biliverdin, are © 
transported by a process of endocytosis = 
and exocytosis; the excretion of indigo. 
carmine, which was so widely studied 

in the last century, presents some curi- = 
ous features that are not fully ex- =o 
plained. | 


Modified nucleotides 


om Alan E. Smith 

























minor pen were piesent an in. trai 
fer RNA (tRNA) and ribosomal. I 
(rRNA), but the difficulties in obta: 
sufficient pure messenger RNA 
(mRNA) prevented definitive analysis 
of the latter. The presence of poly (A 
in mRNA and heterogeneous nuclea 
RNA (hnRNA) can now be utili 
to obtain purified fractions of thes 
species and they can be examined. fo 
nucleotide composition without risk of 
contamination by rRNA and tRNA 
In the first issue of Cell (1, 37-42; 1974), 
Perry and Kelly reported the results 
of such an analysis of mouse L-ce 
mRNA and showed that on averag 





1,000 nucleotides. This compares with 
about 13 methyl groups per 1,000 in 
rRNA, and means that an average 
cellular messenger molecule containing, 
say, 3,000 nucleotides has about 6 or 7 
methyl groups. | 

HnRNA, on the other hand, contains 
many fewer methyl groups and Perry. 
and Kelly therefore suggested that in. 


addition of poly (A) constitutes a posf- 
transcriptional modification of MRNA. 
precursors. These authors, however, 

did not identify the minor bases prese =o 
ent in a specific mRNA species noro = 
did they position them within the 
molecule. 

The first identification and precise 
location of a minor nucleotide in 
mRNA has now been reported using 
a somewhat exotic system. In an ele- 
gant paper (Nucleic Acid Reports, 1, 
809-822; 1974), Furuichi shows that the | 
mRNA of silkworm cytoplasmic poly- 
hedrosis virus (SCPV) contains a 2’-0- 
methyl adenylic acid in the 5’ termina 
position, and that transcription to give 
mRNA is intimately coupled to the 
methylation reaction. 

SCPV, like reovirus, contains a frag- 
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mented double-stranded RNA genome 
which consists of ten different seg- 
ments. The terminal nucleotides of the 
double stranded RNA have recently 
been reported (J. molec. Biol., 85, 31- 
48; 1974) and the 5’ nucleotide se- 
quence of one strand of each of the 
is a 
methylated adenosine. SCPV contains 
à virion-associated transcriptase which 
transcribes all ten double stranded 


RNA fragments in vitro to give mRNA 


molecules each of which begins with a 
S terminal sequence ppAG (J. molec. 
Biol., 85, 21-30; 1974; see also Nature, 


> 250, 13-14: 1974), 


Since the activity of the SCPV trans- 


-> eriptase is low compared with that of 
. -the enzyme from reovirus, and because 
> the genomic RNA is methylated, Fur- 





2 ‘nichi tried adding a donor of methyl 


groups to the in vitro reaction mixture, 


~~ and observed a huge stimulation of 












mRNA synthesis on addition of S-aden- 
osyl-methionine (SAM). The product 
formed in vitro was found to be virus- 
specified and consisted of complete 
copies of one strand of each of the 


“genome Segments containing, on aver- 
‘age, one methyl group per RNA mole- 
- tule. The methyl group incorporated 
into the viral mRNA was detected in 

?-0-methyl adenylic acid which is also 
present at the 5’ terminus of the ge- 


nomic double stranded RNA. 
7 Furuichi examined the RNA made 
during very short incubations and 


found that methylation occurs early in 


the transcription process when the nas- 
cent chains are less than ten residues 
long. Since mRNA synthesis is almost 
totally dependent on addition of the 
methyl donor, and methylation is such 
an early event, Furuichi suggests that 
methylation may be involved in the 


' initiation of mRNA synthesis and that 
= SCPV transcriptase utilises a methyla- 


tion-coupled transcription system, which 
is so far unique. 
It will be of interest to establish 


ae whether other viral transcription Sys- 


tems are similarly coupled. It is al- 


ready known, for example, that the 
RNA tumour viruses contain virion- 
associated methylase enzymes, as well 
aS reverse transcriptase. So far the 
effect of SAM in vitro has not been 
reported in this system. 

Of even greater interest will be an 
understanding of the initiation of 


hnRNA synthesis in normal cells. Bajs- 


a zar, Samarina and Georgiev (Molecular 


Biology Reports 1, 305-310; 1974) have 
isolated the 5’ terminal nucleotides of 
mouse cell hnRNA and identified them 
as pppAp and pppGp. So far there is 
no evidence for methylation in these 
positions. It is possible, however, that 
methylation occurs at internal positions 
in hnRNA and that such modifications 
act as markers for subsequent cleavage 
reactions. It may be significant that 


the chromatographic mobility of some 
of the methylated nucleotides detected 
by Perry and Kelly in mouse mRNA 
suggested that more than one phos- 
phate group is present. Perhaps some 
of the methyl groups are attached to 
nucleotides (pX*p) which orgininate 
from the 5’ end of mature cellular 
mRNA, 


Models of 
magnetic anomalies 


from Peter J. Smith 

A MAGNETOMETER towed at or near the 
ocean surface will record the well 
known linear magnetic anomalies which 
arise from alternating normal and 
reversed magnetic material within the 
oceanic crust. A magnetometer towed 
along very close to (say, within 100-200 
m) of the sea floor, on the other hand, 
records anomalies which are much 
narrower and yet much greater in am- 
plitude. But to what is this fine struc- 
ture due? Do these small scale 
variations within magnetic polarity 
epochs and events reflect real physical 
variations of internal crustal properties 
or are they merely the result of topo- 
graphy or some other equally uninter- 
esting phenomenon? 

Conclusions on this point seem to 
differ. Atwater and Mudie (J. geophys. 
Res., 78, 8665; 1973) measured near- 
bottom anomalies on the flank of the 
Gorda Rise and found that almost all 
of them could be accounted for by a 
uniformly magnetised basement with 
topography. But some years ago, 
Luyendyk (J. geophys. Res., 74, 4869: 
1969) found such an explanation un- 
satisfactory In connection with the fine 
Structure in an area on anomaly 10 
west of southern California. Instead. he 
invoked variations in magnetisation 
which arise either from ancient mag- 
netic field variations or changes in 
petrology with distance from the ridge 
crest. Similarly, Larson and = Spiess 
(Science, 163, 68: 1969) concluded 
from a profile across the East Pacific 
Rise crest that small scale anomalies 
within the Brunhes epoch are unrelated 
to basement topography, and again 
appealed to fluctuation in palaeointen- 
sity. 

Insofar as these conclusions refer to 
dificult areas they are not necessarily 
inconsistent, for it is quite conceivable 
that apparently similar phenomena in 
different regions could be explained in 
different ways. On the other hand, it 
is clearly important to know whether 
a common observation may be dis- 
missed as an effect of little significance 
or whether it is necessary to look for 
deep-seated physical causes. So to in- 
vestigate this matter, further, Larson 
et al. (J. geophys. Res., 79, 2686: 1974) 
have constructed and analysed magnetic 
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block models based on the volcanic 
basement profile actually obtained 
across the East Pacific Rise by Larson 
and Spiess-——a profile carefully obtained 
by continuously and simultaneously 
measuring the depth of the magneto- 
meter with an up-looking sonar, the 
height of the instrument above the 
sea floor with a down-looking sonar, 
and the thickness of sediment with 
another down-looking sonar. 

The first model was given a con- 
stant magnetisation of 0O.OLL e.m.u. cm’ 
to see if such uniformity could repro- 
duce the observed magnetic anomalies. 
As far as general widths and amplitudes 
were concerned, agreement between 
model and observation was quite good; 
and some specific anomalies were parti- 
cularly well matched. In such cases it 
follows that the relevant near-bottom 
anomalies may be accounted for solely 
in terms of the shape of the basement 
profile and variations in the magneto- 
meter depth. But in many cases specific 
anomalies were reproduced poorly by 
the uniform model, notwithstanding its 
topography, For such anomalies good 
agreement between model and observa- 
tion could only be obtained by allowing 
magnetisation to vary along the profile 
between extremes of 0.0048 and 0.0257 
emu cm’, 

In summary, then, it would seem 
that however valid were the conflicting 
conclusions of Luyendyk and Atwater 
and Mudie in their respective geo- 
graphic contexts, neither party is com- 
pletely correct in general. Moreover, it 
is now clear that Larson and Spiess were 
not entirely correct in the specific case 
of the East Pacific Rise in attributing 
small scale magnetic anomalies solely 
to lateral variations of magnetisation. 
Near-bottom anomalies apparently have 
no unique cause: in any given instance 
it may be necessary to invoke both 
topographic and magnetic effects. 


+ 
Antitumour 
e e 
immunity 
from A. J. S. Davies 
THE antagonists of the notion of an 
immunological antitumour defence 
mechanism very properly ask why the 
process involved seems so often to fail. 
The explanations are increasingly in- 
genious. Initially, antibody was thought 
to block the response of hostile lympho- 
cytes to the antigenic tumour; then 
antigen-antibody complexes and finally 
antigen have become popular as the 
blocking factor. It is not too difficult to 
envisage that antibody would mask 
those sites on the tumour cell which 
would otherwise act as recognition foci 
for lymphocytes. The. antibody com- 
ponent of an antigen-antibody com- 
plex could do the same as long as it 
has some free binding sites (that is, the 
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complexes are in the presence of an 
excess of antibody). Antigen either free 
or complexes in antigen excess could 
presumably combine with any lympho- 
cytes capable of reacting against the 
malignant cells, thus frustrating their 
attack. | 

Overall there is the possibility that 
some central paralysis of the immune 
response arises which does not operate 
by one of the mechanisms already con- 
sidered. This last possibility is not 
deemed likely as in many of the 
instances in which a tumour is growing 
it is possible to detect by in vitro 
methods the existence of cytotoxic cells 
and antibodies which have some degree 
of specificity for the relevant tumour. 
There is a variety of other explanations 
which involve non-specific suppression 
of immunological responses particularly 
in terminals cases as a consequence of 
the poor physical condition of the 
tumour-bearing host. 

Hattler and Soehnlen have illustrated 
the operation of one of these mechan- 
isms (Science, 184, 1374; 1974). These 
investigators cultured the blood lympho- 
cytes of cancer (usually squamous cell 
carcinoma of the lung) patients together 
with their irradiated tumour cells and 
measured the response of the lympho- 
cyte populations by their capacity to 
incorporate tritiated thymidine some 
days later. The response was in all 
instances much improved by washing 
the lymphocytes five times before they 
were allowed to make contact with the 
tumour target cells. This result is 
reminiscent of those of Curry and 
Basham (Br. J. Cancer, 26, 427; 1972) 
who found that in melanoma patients it 
was difficult to detect the cytotoxicity of 
lymphocytes against their specific target 
tumours unless the lymphocytes were 
washed six times before the in vitro 
test. 

The cell wash eluates of Hattler and 
Soehnlen effectively inhibited the per- 
formance of the cells washed five times 
but failed to influence the (poor) 
response of cells washed only once. 
Fractionation of the eluates yielded a 
low and a high molecular weight entity 
neither of which was a particularly 
effective inhibitor but which in com- 
bination did inhibit the cells washed five 
times. The authors suggest that their 
results are compatible with the notion 
that the lymphocytes of the cancer 
patients may be blocked by antigen— 
antibody complexes. /n vitro these com- 
plexes can be eluted from the lympho- 
cytes permitting the demonstration of 
specific antitumour responsiveness. The 
further exercise of fractionation and 
the demonstration of two component 
inhibitors certainly seem to suppog 
this idea. 

The work of Curry (Br. J. Cancer, 
28, 153: 1973) again amplifies the con- 
cept. In extension of his earlier studies, 


Curry found that the serum of patients 
with extensive malignant disease con- 
tained a blocking factor of low 
molecular weight which had affinity for 
lymphocytes but not for tumour target 
cells. In the serum of patients with less 
extensive tumours the blocking factor 
was of large molecular weight and had 
affinity for both lymphocytes and 
tumour cells. Curry supposed that this 
smaller blocking material was antigen 
and the larger antigen-antibody com- 
plexes. ! 

These kinds of studies are extremely 
valuable in pointing to the complexity 
of antitumour immunity. A complexity 
which, without considerable luck, must 
be mastered before effective and rational 
immunotherapeutic procedures can be 
adopted. 


Alpha A 
and beta S 


from a Correspondent 


INTEREST in the detailed mechanism of 


the aggregation of deoxy sickle-cell 
haemoglobin (Hb-S) continues to stimu- 
late the application of new experimen- 
tal approaches. Wilson, Luzzana, 
Penniston and Johnson (Proc. natn. 
Acad. Sci. U.S.A., 71, 1260; 1974) have 
used the quasi-elastic light scattering 
method to study the pregelation aggre- 
gation of deoxy Hb-S, and obtain 
results consistent with a linear associa- 


tion between aggregates. This scheme. 


implies that deoxy Hb-S molecules are 
bifunctional, with respect to aggrega- 
tion, and interact in a non cooperative 
manner, rather than by a concerted 
scheme in which monomers rather than 
ageregates are in equilibrium with the 
gel. Both these alternatives have been 
considered in previous discussions of 
the sickling process. 

Benesch, Benesch and Yung (ibid., 
1504) have exploited their earlier suc- 
cess in the specific pyridoxylation of 
either the @ or the B chains of normal 
adult haemoglobin (Hb-A) to show that 
substitution of the N-terminal groups 
of Hb-S inhibits gelation and increases 
the solubility of the deoxy form. 
Modification of the a chains has much 
more effect than that of the @ chains, 
to an extent equal to that produced 
by dilution of Hb-S with an equal 
amount of Hb-A. If this effect could 
be achieved in the intact red cell, it 
would be equivalent to reducing the 
sickling tendency from the degree 
found in homozygous sickle-cell anae- 
mia to the lesser extent experienced in 
the heterozygous trait condition. Sur- 
prisingly the a-chain modified form 
of Hb-S obtained by using pyridoxal 
5’-phosphate, viz. (a@?!*).B5 scarcely 
differs from Hb-§ itself in its oxygena- 
tion parameters, and the decreased gell- 
ing tendency must, therefore, be caused 
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by changes in the structure of the 


deoxy form per se. 

The same strategy of selective irre- 
versible pyridoxylation of a or B chains 
has been used by Suzuki, Benesch and 


Benesch (Biochem. biophys. Acta, 351, 


1974) to demonstrate that th 


44?: 


Bohr effect in Hb-A is reduced in both — 


a-chain and &-chain  pyridoxylated 
Hb-A, but to a greater extent in the 
species with modified a chains. It is 
known from previous work that about 
one-half of the oxygenation-linked. pro- 


ton exchange of the Bohr effect is as- 


sociated with the C-terminal #-146 
histidines, and about one-quarter with 










the N-terminal amino groups of the = - 
a chains. Elimination of the ionisable 


protons of these a-chain N-terminal- 


groups by pyridoxylation can account 
for the observed diminuation of the 
Bohr effect. For the B-chain modified 
species there is no elimination of an 
existing Bohr proton binding site, so 
the change is probably caused by 
the introduction of a new ionising 


group whose acid strength decreases — 


with oxygenation, possibly the 5’-phos- 


phate of the attached pyridoxal phos- 
phate reagent used to prepare the B- | 
chain modified species, and which is — 


presumed to form a salt bridge with 
B-82 lysine in the deoxy but not in 
the oxy conformation. On oxygenation 
this residue would therefore bind pro- 
tons, accounting for the observed de- 
crease in the Bohr effect. These two 
papers provide an excellent example 
of the way in which specifically modi- 


fied but still functional haemoglobin — 


species provide powerful tools for 
elucidating details of structure—func- 
tion relationships. 
Finally a paper concerned with the 
red cell itself, and of particular inter- 
est in that it deals with the study of 
individual red cells, always an approach 
that appeals to biologists and haemato- 
logists, who are concerned with red 


cell populations rather than haemoly- 


sates prepared from millions of cells. 
Brunori, Giardina and Antonini (J. 
molec. Biol, 86, 165; 1974) have 
studied this distribution of the three 
major haemoglobin parts of trout 
(Salmo gairderi) blood by single-cell 
spectroscopy. They find that the ery- 
throcytes contain the component 
(Hb-IV) which is characterised by the 
Root effect in the same proportion as 
in a haemolysate, and which is there- 
fore uniformly distributed. The Root 
effect (Biol. Bull., 61, 427; 1931) refers 
to a very marked dependence of the 
oxygen binding curve on pH, such that 
below pH 7 the haemoglobin is only 


partially saturated in air. It is charac- | 
teristic of teleost fish haemoglobins, and ` 


related in some way to the mechanism 
of gas secretion into the swim bladder. 
Brunori er al. speculate that the syn- 
thesis of several different normal 





erent, 
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haemoglobin components in definite 
proportions in all erythrocytes may be 
required to maintain a functional situ- 
ation dependent on a balance of prop- 
erties of the various components. 


J-dependence in 
nuclear reactions 


from P. E. Hodgson 

THE general character of the differential 
cross sections of direct one-nucleon 
transfer reactions is dominated by the 
orbital angular momentum L of the 
transferred particle. Except at low 
energies when the angular distributions 
are backward-peaked and similar for all 
L values, the angular distributions are 
peaked at an angle in the forward 
hemisphere that increases with the value 
of L. In most cases a comparison 
between the experimental data and 
distorted wave calculations enables the 
value of L to be determined. 

Since the transferred nucleon also has 
a spin of 4, the total transferred 
angular momentum J is the vector sum 
of L and 4, and since these can be 
added or subtracted, J=L+4. If the 
target nucleus has zero spin, this J is 
just the spin of the final state of the 
residual nucleus. 

The angular distributions of reactions 
of the same L but different J are usually 
very similar, but in some cases small 
but systematic differences have been 
found. These are called the J-dependent 
effects, and have proved quite useful in 
assigning spins to nuclear states simply 
by the shape of the angular distribution, 
without any detailed calculations. 

These J-dependent effects depend on 
the transferred orbital angular momen- 
tum L and on the incident energy, and 
are more marked in some cases than in 
others, so it is clearly important to 
understand how they arise, both for 
their intrinsic interest and in order to 
enhance their utility in nuclear spectro- 
scopy. 

The most marked J-dependent effects 
are found for L=1 transitions, and 
Robson has shown that these can be 
accounted for very well by distorted 
wave calculations with a spin-orbit 
interaction in the incoming and out- 
going channels, provided the optical 
potentials are chosen to fit both the 
differential cross section and the polaris- 
ation of the corresponding elastic 
scattering. 

For L=2 and 3 the J-dependent 
effects cannot be accounted for in this 
way and several attempts have been 
made to develop the distorted wave 
theory, in particular by including the 
deuteron D-state, This is a complicgted 
calculation, and some of the results 
show J/-dependent effects that are 
similar to those observed. The difficulty 
of the calculations has however deterred 


an extensive study, so most of the J- 
dependent effects remain unexplained. 

Quite recently a new explanation of 
J-dependent effects has been proposed: 
they are attributed to the contributions 
of two-step processes to the reaction 
amplitude. The importance of two-step 
processes is now widely known, 
especially when the nuclei are deformed 
and when the direct one-step transition 
is forbidden or inhibited by some 
selection rule. A substantial proportion 
of the reaction can proceed by the 
incident particle first exciting the target 
nucleus to a low-lying collective state 
by inelastic scattering, followed by the 
particle transfer to the final state. 
Similarly, the particle transfer can take 
place first to the ground or to an 
excited state of the residual nucleus, 
which can then be excited to the final 
state by an inelastic process as the 
outgoing particle leaves. AH possible 
processes of this type combine to give 
the observed cross section. 

In recent years the formalism for 
calculating such processes has been 
extensively developed, and many studies 
have shown the importance of including 
two-step processes. It has now been 
applied by Hoffmann, Udagawa, Coker, 
Mcintyre and Mahlab (Phys. Lett., 
SOB, 249: 1974) to study the J-dependent 
effects in the reaction *Si(d,p)"Si at 10 
MeV to the 2.32 MeV (3/2°*) and 2.79 
MeV (5/2*) states of the residual 
nucleus. As the figure shows, the cross 
sections of these two reactions differ 
markedly in the forward direction, 
although they are both L=1 and very 
similar in energy. The short-dashed 
curves are standard DWBA calculation, 
which gives very similar angular 
distributions for the two reactions, and 
does not account at all for the differ- 
ence between them. The calculation 
including the two-step process via the 
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1/27 state of “Si at 0.75 MeV gives the 
full curves, which are in excellent 
accord with the data in the forward 
direction. The small differences in the 
backward hemisphere are probably 
attributable to compound nucleus con- 
tributions. A final calculation including 
those two-step processes through the 
lowest 2° state of “Si gave the long- 
dashed curves which do not agree with 
the data, which is expected since the 
excited states of the two states of "Si 
have a small parentage in terms of the 
2* state in Si, so that this process does 
not contribute significantly to the 
reaction. 

Inclusion of the two-step contribution 
to this reaction is thus able to give a 
very good account of al the J- 
dependence of the cross sections to the 
3/2* and $/2° states of “Si. Other 
effects, such as those caused by the 
deuteron D-state, may contribute, but 
in this case at least they are small. 

Further calculations by Coker, 
Udagawa and Hoffmann have shown 
that the two-step process is also able to 
account for the L=2 J-dependent 
effects in the *Si(d.p)*Si reaction at 10, 
13 and 18 MeV to several final states. 

This work shows that two-step 
processes via low-lying collective 
excitations account for some of the 
J-dependent effects in one-nucleon 
transfer reactions in deformed nuclei. 
The J-dependent effects, however, are 
also found for nuclei to which this 
explanation cannot apply. It is therefore 
necessary to curry out a series of 
analyses for a range of nuclei and 
incident energies for different L-values 
with consistent parameters for the 
distorting potentials. This will make it 
possible to establish in a systematic 
way the contribution of two-step pro- 
cesses to J-dependent effects in nuclear 
reactions. 
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Differential cross sections 
for the one-nucleon transfer 
reaction *Sifd.py'Si at 
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distorted wave calculations. 
The short-dashed curves 





O.I 
= an are the simple one-step 
$% A calculation and the full 
B P ia curves show the effect of 
E (2.32) 372” Oo © Di including the two-step 
oj joe PERS —{05 00 §) process (1). The long-dash 
oo JAETA im (0.5 03 1 curves show the effect of 
ed Ni ---- DWBA $+0.0244 (5/2*) including the coupling (2) 
A s N e between the excited states, 
k | | sis thes nee Cantr Duk 
i nN epel! } + Sigmificantiyv. ine figures 
OF i oui dL itt ly t- in the brackets are the 


š spectroscopic factors for 
the various transitions. 


2O 140 


Nature Vol. 250 August 9 1974 






Deterioration of high school 


students’ attitudes to physics 
Paul L. Gardner 


Faculty of Education, Monash University, Clayton, Victoria 3168, Australia 





Australian students taking a physics course based on 
PSSC displayed a sharp decline in enjoyment of physics. 
Pupil personality and teacher behaviour variables 
affected the extent of this decline. 
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SCIENCE teachers are still concerned about the attractiveness 
of physics courses. In 1971, in Victoria, Australia, high 
school physics enrolments showed an absolute decline for 
the first time in recent history, and a further decline oc- 
curred in 1972. In Britain, 2,400 university science places 
were unfilled in 1973-74, and a complete halt in all univer- 
sity science building programmes for a decade has been pre- 
dicted’. Hopes for large increases in the proportion of girls 
taking physcial sciences’ have not materialised. There have 
been attempts to explain this in terms of the poor ‘image’ 
of physics and physicists’, a modern distaste for science and 
technology’, the failure of physics curricula to include social 
aspects of science which are of interest to adolescents, 
particularly girls’, and the operation of economic forces 
outside the control of the science teacher’. 

The classroom and the people within it, however, prob- 
ably remain the central arena of interest for the science 
education researcher seeking to explain attitudes to science 
and enrolments in science subjects. There have been many 
searches for relationships between attitudes or enrolments 
and other pupil and teacher variables. In most of these 
studies pupil or teacher variables (but not both simultan- 
eously) have been correlated with pupil outcomes. Although 
such studies are often interesting they do not permit in- 
vestigations of the complex interactions which may exist 
between pupil and teacher variables. 


Physics questionnaire research study 


The physics questionnaire research study (PQRS) project 
was set up to investigate the relationships between pupil 
personality, teacher behaviour and pupils’ attitudes to 
physics. The study was done in Victoria, Australia on 
Grade 11 pupils taking the first year of a 4 yr course based 
on the United States PSSC materials. To exert a moderate 
amount of control over a number of extraneous but 
potentially influential variables, such as school facilities 
and home background, the sample was restricted to pupils 
in coeducational State high schools in the more affluent 
areas of Melbourne. 

Three instruments were used in the project: the physics 
attitude index (PAT) was employed as a pretest and 8 
months later as a post-test; the personal preference index 
(PPI) and the physics classroom index (PCI) were given 
as mid-tests. A total of 1,014 students (798 boys, 216 girls) 
in 58 classes in 34 schools were studjged. 

The PAI is a 40-item Likert-type scale, yielding scores 
on four attitudes: first, towards unauthoritarian modes of 
learning: second, towards physics as an open, flexible, dy- 
namic discipline; third, towards scientists, and fourth, per- 
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sonal enjoyment of physics. The pretest and post-test 


means’ reveal a favourable initial attitude towards active, 
participatory modes of learning, an attitude which waso 


maintained during the year. The students also entered the 


course with the view that physics is an open discipline; at = 


the end of the Grade 11 year, their attitude was less open, 
the difference being statistically significant, although rather 
small. The students also held a favourable view of scientists 


as fairly normal people: again, there was a significant - 


although small decline during the year. The most striking 
finding, however, was on the fourth scale: although on 
entry to the course, students expressed a high level of 
enjoyment in learning physics, eight months later their _ 
attitude had declined sharply. Since most science educators 
would want students to increase, or at least maintain, their 
interest in a subject, this decline in enjoyment is disturbing. 

From the PCI and PPI data some inferences may be © 
drawn about pupil and teacher variables which affect this: 
decline. The theoretical framework underlying the two | 
instruments is the needs-press model of Murray’ and Stern’. 
The model indicates that human behaviour may be under- 
stood in terms of an interaction between aspects of per- | 
sonality (‘needs’) and relevant aspects of the social environ- _ 
ment (‘press’). The PPI contains eight needs scales, taken 
from Stern’s Activities Index: achievement; conjunctivity: 
deference; play; understanding; order; nurturance and _ 
energy. The PCI was devised especially for the PORS 
project, and contains eight press scales which correspond 
to these needs: competitiveness; organisation; compliance; 
pleasure; intellectualisation: compulsiveness; warmth and 
stimulation. 

A 4x4 analysis of covariance design, with an unweighted 
means adjustment for unequal cell frequencies, was devised 


to analyse the data. The analysis of the effects of competi- =o 


tiveness and achievement on enjoyment illustrate the design. 


Class mean scores on the PCI scale were used to divide 


the 58 classes into four approximately equal quartile groups, 
each containing either 14 or 15 classes: classes with teachers 
regarded as very high, high, low, or very low on competi- 
tiveness. Individual scores on the corresponding PPI scale. 
were then used to divide the 1,014 students into four 
approximately equal quartile groups: very high, high, low, 
or very low on achievement. The covariance design per- 
mitted inferences to be drawn about the effects of these 
pupil and teacher variables on pupils’ post-test attitudes, 
over and above any effects which could be ascribed to 
attitudes already present at the start of the course. This 
type of analysis was carried out 32 times to study the 
effects of eight needs-press combinations on each of the 
four attitude variables. 


e 
Findings 
Of the 64 possible main effects, 25 were significant beyond - 
the P=0.05 level, and of these 18 were significant beyond — 
the P=0.01 level. Some further details of the findings may 
be found elsewhere’, The teachers’ behaviour was found to 
have little effect on pupils’ attitudes to nonauthoritarian 











modes of learning. There was a weak inverted U-shaped 
relationship between attitude scores and teacher compul- 
siveness (that is, the tendency to organise meticulously the 
physical environment of the classroom.) Three personality 
variables were found to be significant: students who are 
motivated by achievement, serious (ow on play) and in- 
tellectual (high on understanding) display more favourable 
attitudes. Factor analysis reveals that these personality 
variables all lie on one factor. Warm and outgoing students 
(high on nurturance) also display a more favourable atti- 
tude: ‘discovery’ learning, as it is organised in typical 
schools, generally requires cooperation with other people, 
and it is perhaps not surprising that students who are per- 
sonally more outgoing should enjoy it more than students 
who are less interested in other people. 

Students’ views concerning the openness of physics were 
significantly related to only a small number of the pre- 
dictor variables. Pupils motivated by achievement tend to 
hold a more open view, but achievement-pressing teachers 
(high on competitiveness) tend to promote a more closed 
view. Apparently, teachers who place heavy stress on 
achievement, success and examination performance are less 
likely to maintain the highly open attitudes that most 
of their students have on entering the course. The only 
other highly significant finding was the positive relationship 
between nurturance and openness: apparently, warmth to- 
wards other people and receptivity to new ideas are related 
qualities. 


oe] 
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Enjoyment of physics (November) 
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Fig. 1. Enjoyment of physics at end of year by seaous and 

playful pupils under four levels of teacher behaviour. 

a, ‘Serious’ pupils (below median on play); b, ‘playful’ pupils 
(above median on play). 


Students’ attitudes towards scientists were strongly related 
to only two of the predictor variables: deference and 
nurturance (factor analysis indicates that these two per- 
sonality variables he on a Single factor). Thus, pupils who 
are warm and friendly, and who are more likely to be 
submissive and conformist, are more likely to regard 
scientists with affection and tolerance. The relationghip is 
sex-linked: girls significantly outscore boys on the two 
personality variables and on the attitude scale. 

The enjoyment of physics scale displays the most sig- 
nificant findings, and nearly all the predictor variables are 
involved. In general, intellectually intense pupils—those who 
are serious, intellectual and motivated by achievement-— 
and pupils who are warm and deferent tend to enjoy 
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physics more. Intellectually stimulating teachers—those who 
are intellectual, cognitively well-organised (high on con- 
junctivity), stimulating and achievement-pressing, and 
whose classrooms are physically well-organised—tend to be 
associated with greater enjoyment. Analysis shows that 
students who are intellectually intense with teachers who 
are intellectually stimulating display a highly favourable 
initial attitude, and this is maintained during the year. This 
is a rather small group: about 6‘% of the sample (the top 
quartile group of students in the top quartile group of 
teachers). Other students with other teachers display a 
greater or lesser decline. If maintenance of enjoyment. is 
the criterion, the course is effective for a very small group 
of pupils. 

The effects of teacher competitiveness are interesting for 
two reasons: first, because here is a teacher characteristic 
which tends to promote one desirable objective (enjoyment) 
while at the same time hindering slightly the attainment of 
another (openness): second, because there is an intriguing 
interaction effect with the corresponding pupil personality 
variable. Details are given elsewhere’; briefly, highly 


on the enjoyment of highly achievement-motivated pupils, 
but a relatively deleterious effect on the enjoyment of pupils 
who are very low in achievement motivation. 

Teacher pleasure and pupil play also exert interactive 
effects on enjoyment. As can be seen from Fig. 1, ‘serious’ 
pupils (those below the median on play) enjoy physics 
more than ‘playful pupils. Teachers in the top three quartiles 
on pleasure have no influence on enjoyment, but teachers 
in the lowest quartile-—-very serious teachers—exert dia- 
metrically opposing effects upon the enjoyment of serious 
and playful pupils. Had only class means been considered 
in this study, no relationship between teacher pleasure and 
enjoyment would have been found: the correlation between 
the class means was near zero. 


Implications 

The PAT has been used in earlier research to compare the 
outcome of different curricula in other Australian states”. 
The magnitudes of the teacher behaviour and pupil per- 
sonality effects found in the PQRS project are much larger 
than the effects associated with different curricula. Although 
teacher behaviour is probably more difficult to change than 
instructional material, the PORS findings suggest that sci- 
ence educators who wish to bring about improvements in 
pupil’s enjoyment of science subjects ought to concentrate 
more heavily upon teacher education. The current decline 
in support for nationally funded science curricula, and the 
concomitant growth of interest in the pre-service and in- 
service education of teachers reflect shifts of emphasis which 
seem to be appropriate. 
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A new theory is proposed to explain the synthesis of 
the S’ ends of linear DNA molecules. lt suggests that 
chromosome ends consist of palindromic base 
sequences. These can form self-complementary hairpin 
loops, which can be converted by DNA ligase, a specific 
endonuclease, and DNA polymerase, into completely 
replicated ends. 


During DNA replication, new DNA is made by DNA 
polymerases which add new nucleotides to the 3OH end 
of growing polynucleotide chains. All known DNA poly- 
merases are able only to extend existing polynucleotide 
chains and cannot start new ones. For this reason, the 
mechanism of initiation of new polynucleotide chains has 
for many years been a fundamental problem in the study 
of DNA replication’. There is now good evidence that 
prokaryotes, eukaryotes and viruses all use a short RNA 
molecule as a primer for the initiation of new DNA 
molecules"; this RNA primer is probably subsequently 
removed by nucleases’ before the completion of the 
daughter molecule by DNA polymerases and DNA ligase. 
The discovery that the transiently-formed, short pieces of 
DNA known as ‘Okazaki pieces’ have a short stretch of 
RNA at their S° phosphate ends, strongly supports 
Okazaki’s model’ for the discontinuous synthesis of DNA. 
‘This model, in which ‘Okazaki pieces’ are subsequently 
joined by DNA ligase to form a complete daughter strand, 
can now (in conjunction with the idea of RNA primers) 
provide a satisfactory explanation for the mechanism of 
replication of circular DNA molecules, though details, 
especially of the control mechanisms, remain to be filled 
in. 

For linear DNA molecules, however, a fundamental 
problem remains. Watson? has pointed out that when a 
linear virus chromosome replicates, the excision of the 
RNA primers from the 5 ends of the two daughter strands 
will leave a gap which cannot be filled in by DNA poly- 
merase because there is no adjacent 3°OH end to serve as 
a template (Fig. la). Clearly this problem does not arise in 
the case of a circular chromosome which has no ends. This 
may he the reason why bacterial and viral chromosomes 
are often circular: linear chromosomes require a special 
mechanism for the replication of their ends. Watson sug- 
gested two such mechanisms. Circularisation as occurs in A 
phage of Escherichia coli, and concatermerisation as in 
phage T7. Both mechanisms require identical sequences at 
the two ends of the molecules (terminal redundancy). 
Watson postulated that all linear DNA molecules must be 
terminally redundant and must replicate either by circular 
or coneatermeric replicative intermediates. 

Here I propose a third mechanism for the replication of 
the ends of linear DNA molecules which allows them to 
replicate as linear molecules ang does not necessarily 
require terminal redundancy, circular intermediates, or 
concatemers. I argue that this third mechanism is more 
likely to apply to eukaryote chromosomes, which are pro- 
bably essentially single DNA molecules, than either of 

































Watson's mechanisms. My theory has the added advantage 
that it can explain several long known, but hitherto 
unexplained, properties of the ends (telomeres) of eukaryote 
chromosomes. As it does not necessarily require termir 
redundancy and circular or concatemeric intermediates 
may also be applicable to virus chromosomes, suc 
chick embryo lethal orphan virus’, which seem to 
these properties. ae 


Replication of eukaryote chromosome ends 


There is increasing evidence that each eukaryote 
mosome consists of a single DNA molecule®-". 
chromosome contains many tandemly arranged units 
replication (replicons)'*, and each replicon is compar: 
to the whole chromosome of a bacterium or a virus it- 
its replication is usually bidirectional. The simplest ass 
tion compatible with the genetic evidence for linear linki 
groups is that each chromosome is a linear, rather than 
circular, DNA molecule. This means that exactly the sar 
problem of completing the 5’ ends of daughter strand 
arise as in linear virus chromosomes, The basic prol 
in applying either of Watson’s two suggestions for v 
directly to the replication of eukaryote chromosom 
that, if eukaryote chromosomes consist of single 
molecules, these will often be many thousands of 
longer than those of viruses. Because of the consegui 
considerable reduction in the effective ‘concentratio 
free ends, the chances of their ever meeting and » 
whether to form circles or concatemers will be drastica 
reduced, The mechanism proposed here overcomes 
problem. 

The central assumption of my theory is that the m 
tide sequences at the ends of eukaryote linear _ 
molecules are palindromic, that is if one always reads. W 
the same polarity, the sequence of bases in one strand 
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Fig. 1 The two daughter molecules which result from th 
sarees of a linear DNA molecule, showing the gaps 
the 5’ end of the hewly synthesised strands left by the 
removal of the RNA primers (the 3’ end of a polynucleotide 
is shown by an arrow, newly synthesised DNA by a thi 
line). b. A terminal palindromic sequence. The sequence on 
each strand is the same when read with the same polarity, ~~ 
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Cae rrmrtetenrsntntthtcneneminanatnetetrmstnnn sell RPE TERRORS 
CAT TAT ATA ATG 
a GTA ATA TAT TAC 
“ig. 2 Model for the synthesis of 5° ends of a daughter 
DNA molecule (the 3° end of a polynucleotide shown by an 
arrow, newly synthesised DNA by a thin line). a, Gap at 
y end of new DNA, b, The self complementary 3° terminal 
strand of the palindromic sequence base pairs to form a 
hairpin loop, c, 3° OH end serves as a primer for a DNA 
polymerase to fill in the gap. d, DNA ligase seals the 
remaining nick; e, A sequence specific endonuclease nicks 
the old strand; f, The loop unfolds; g, DNA polymerase 
completes the old strand with new DNA. Note this effec- 
tively results in the exchange of new and old DNA at one 
end of every chromosome. 


the same as that on the other (Fig. 1b), so that the terminal 
region as a whole has twofold rotational symmetry. 

Because of this symmetry the first base in the sequence 
on one strand is complementary to the last base on the 
same strand, the second base is complementary to the last 
but one and so on. This means that the unreplicated single 
stranded 3‘OH end of a daughter chromosome can fold 
back on itself to form a terminal base-paired loop (Fig. 2b). 

I suggest that this is the first stage in the replication of 
the end of the molecule. Subsequent steps are: the closing 
of any remaining gap by DNA polymerase (Fig. 2c): the 
sealing of the remaining nick by DNA ligase (Fig. 2d); 
the cleavage of the opposite strand by a sequence specific 
endonuclease (Fig. 2e) (this provides a new 3’OH end 
which serves as a primer for the final step): the unpajring 
of the loop to provide a template for the final step (Fig. 
2f); and finally, the completion of the remaining strand by 
DNA polymerase (Fig. 22). 

The mechanism has only two special requirements: a 
palindromic terminal sequence, and an endonuclease which 
can recognise one end of this sequence and cleave the 
correct strand. Both assumptions should eventually be able 
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to be tested. Palindromic sequences and endonucleases 
which recognise them are well established in the restriction 
mechanisms of bacteria’. Perhaps they were ancestral to 
the mechanism postulated here. The palindrome need not 
be perfect since there must be at least two bases at the 
end of the loop which cannot pair and therefore need not 
be complementary. 


Telomeres of eukaryote chromosomes 


Although eukaryote chromosomes probably consist of a 
single DNA molecule, very little is known of the way this 
is folded in mitotic and meiotic chromosomes. In particular, 
it is not known whether the two ends of the molecule lie 
at the ends (telomeres) of the chromosome, In the case of 
meiotic chromosomes, however, the correlation in maize 
between the linear sequence of chromomeres and the linear 
sequence of genes in a linkage group makes it reasonable 
to assume that this is the case. If, therefore, one assumes 
that, as a general rule, the ends of the DNA molecule 
do in fact form part of the telomeres then the existence of 
terminal palindromic sequences could explain several in- 
triguing properties of the telomeres. 

First, there is evidence that broken ends of chromo- 
somes behave differently from the natural ends in that 
they are ‘stickier’ and have a strong tendency to rejoin 
or to become permanently joined to broken ends of other 
chromosomes'*~'*. This is to be expected because broken 
ends are probably often single stranded, and if they contain 
partially complementary sequences (for example, one of the 
widely dispersed repetitive sequences) or precisely com- 
plementary sequences (as in rejoining) can base pair and be 
irreversibly joined by polymerase and ligase action. By 
contrast, telomeres could not become permanently joined 
because of the sequence-specific endonuclease which would 
split them apart, if they did happen to pair and become 
joined when in the single stranded state. 

A second property of telomeres is frequent temporary 
association of the telomeres of homologous chromo- 
somes". Even in the absence of palindromic ends, the 
corresponding ends of homologous chromosomes could 
associate by ‘side-to-side’ base pairing if the appropriate 
strand of each is incomplete (whether because of exonu- 
clease digestion or the delayed completion of replication, 
Fig. 3a). The existence of terminal palindromic sequences, 
however, would provide an alternative explanation. ‘End- 
to-end’ pairing to form a circular dimer would be possible 
if the 5° ends of the two homologous chromosomes were 
partially digested by exonuclease action (Fig. 3c). Indeed, 
this would provide an alternative pathway for the replica- 
tion of 5° end if gaps in this dimer were repaired by DNA 
polymerases and ligase and then staggered nicks inserted 
(Fig. 3d-e), and the replication completed as before by 
DNA polymerase. This pathway, in contrast to the previous 
one, would be most efficient if the palindrome was perfect, 
since all nucleotides could take part in base pairing. 

The occurence of pairing between homologous telomeres 
in either of the two ways suggested here could explain 
cases of late separation of telomeres in mitasis*”. 

In meiosis, the telomeres normally form strong end-to- 
end attachments at the beginning of diakinesis’*'°?'. Dar- 
lington’s theory of the terminal chiasma” postulated that 
this ‘terminal affinity’ was quite distinct from the normal] 
lateral pairing of chromosomes during the earlier stages of 
meiotic prophase. | suggest that terminal affinity could be 
caused by the end-to-end association of palindromic ends 
as shown in Fig. 3d. 


Nonhomologous chromosomes 


Although the replication mechanism postulated does not 
require terminal redundancy, and would work perfectly 
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well even if the palindromic sequences at the two ends of 
a chromosome were. different, there seems no obvious 
reason why they need be different. So it would be simplest 
to assume that the.telomeres of all chromosomes in any 
one eukaryote are identical. The considerable evidence for 
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Fig. 3 a, Delayed replication provides a simple explanation 
for the late separation of telomeres at anaphase, which does 
not require palindrome sequences (the 3’ end of a poly- 

nucleotide shown by arrow, newly synthesised DNA by a 
thin line). b-g, An alternative model for the replication of 
5 ends and the delayed separation of telomeres. b, Gaps at 
Y ends left by removal of RNA primer; c, an exonuclease 
digests the 5’ ends of old DNA; d, base pairing between the 
single-stranded Y ends of the two homologues; e, DNA ligase 
seals the nicks, and the sequence-specific endonuclease makes 
new nicks (arrows); f, unpairing: g, DNA polymerase com- 
pletes the molecule using the newly exposed 3 ends as 
primers. Note that in contrast to the mechanism in Fig. le 
the new strand contains no old DNA. Instead an exchange 

of old DNA has occurred between the two daughters. 





























direct or indirect attachments between the telomere 
nonhomologous chromosomes” lends some support to 
idea. me 

At leptotene of meiotic prophase in many organist 
the telomeres become gathered together and attached ti 
small area of the nuclear envelope, presumably so a 
facilitate pairing during zygotene'’*'”*, This characteristi 
polarised ‘bouquet stage’ persists until pachytene when 
pairing is complete. This phenomenon strongly indicates 
that all telomeres possess some common structural feature, — 
which might simply be a common palindromic sequence, 
which could serve not only for replication but for recogni- 
tion by the apparatus that brings the ends together. cos 

Dupraw™ has instanced several cases where many or all _ — 
of the mitotic chromosomes are attached to each other by 
fine connectives. He even goes so far as to suggest that all - 
the chromosomes of a eukaryote haploid set are simply 
parts of a single continuous circular DNA molecule, as i 
bacteria. If this were true it would make the replication 
mechanism postulated here totally unnecessary. Howev 
Dupraw’s model raises more problems than it solves. Fe 
example, he fails to discuss the difficult problem -o 
two haploid super chromosomes could be integri t 
make a single diploid circle. ; 

He does recognise, however, that this extreme model 
only be compatible with the genetic evidence fo 
independent assortment of linkage groups if the postul 
‘DNA connectives’ between the nonhomologous chron 
somes are unusually ‘labile’. His explanation of this is t 
the connectives contain no functional genes and that th 
lability is caused by normal recombination. This woul 
imply, however, that very large amounts of DNA contai 
no genes but simply serve to connect the chromosomes 
together. In maize and Drosophila such nonfunctio 
interchromosomal connectives would have to amount. 
60% and 75% of the lengths of the functional part of 
chromosomes, respectively, if they are to give a recomt 
tion frequency of 50%. The need to postulate such -hu 
segments of nonfunctional DNA, whose sole function - 
join nonhomologous chromosomes together in such a w 
as to allow independent assortment, can be totally avoi 
by supposing instead that the observed linkages are purel 
temporary and that their lability is not the result of normi 
genetic recombination. 

Indeed, if as suggested here, the ends of all chrom 
somes have identical sequences, which are sometimes sing 
stranded, one might expect nonhomologous chromoson 
on occasion to join together by base pairing between th è 
cohesive ends. If this did occur, and if DNA ligase were 
to join the chromosomes covalently, the specific endonu- 
clease would ensure that this joining was not permanent. 
In principle the chromosomes could associate reversibly —__ 
into a single superchromosome as indicated in Fig. 4a. 
Though this kind of mechanism could explain some 
examples of chromosome association, others involve asso- |” 
ciation between regions other than the telomere, and could 
be explained in this way only if it were assumed that the 
DNA ends are not at the telomere. 

I am grateful to the referee of this paper for drawing my 
attention to a paper by White’, who suggested that the — 
occurrence of multivalents of terminally associated chro- 
mosomes in the meiosis of F: hybrids (and other situations 
where normal pairing is reduced) could be caused by | 
minute regions of homology at the tips of nonhomologous > 
chrgmosomes, and not by reciprocal translocation as had 
hitherto been believed. This hypothesis of reduplicated — 
telomere regions was supported by Callan, who in a foot- 
note to White’s paper said “all newt telomeres are prob- 
ably homologous”. Despite criticisms’ it remains a reason- 
able interpretation of at least some of the data, which is 
fully consistent with my assumption that all telomeres in- 
any one species are homologous. | 
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Fig. 4 a, The reversible formation of superchromosemes 
or, reading from right to left, an hypothesis for the origin 
of several linear eukaryote chromosomes from a single cir- 
cular prokaryote chromosome (the 3° end of a polynucleo- 
tide shown by arrow, newly synthesised DNA by a thin line). 
h-d, Mechanism fer the formation of minichromosomes 
during chromosome diminution or hypotrich ciliate macro- 
nuclear formation; b, the small arrows show the sites at 
which a specific endonuclease makes nicks at each end of 
special internal palindromic sequences; these sequences differ 
from the palindromic sequences at the original ends of the 
chromosomes. c, The nicks are made and, d, a DNA poly- 
merase extends each newly formed YOH end. forming 
complete palindromic sequences at the new ends, and 
causing the new mini chromosomes to separate. 


White pointed out that if many or most chromosomes 
have homologous telomeres, multivalent formation must 
normally be suppressed during meiosis. He suggests. how- 
ever, that the homologies have no great evolutionary 
importance and originate quite fortuitously (though very 
commonly) by the reciprocal translocation of extremely 
minute segments, and the survival of resulting deficiency- 
duplication homozygotes, If the homologies are mere 
accidents, there is no obvious reason why the evolution of 
a general mechanism to suppress multivalents should have 
been selectively favoured over the simple alternative of 
eliminating the unnecessary duplications. By contrast, my 
suggestion that telomeres consist of identical palindromic 
sequences, with an indispensable role in replication, pro- 
vides a strong selective advantage for the suppression of 
multivalent formation. 


Chromatin diminution 

In eukaryotes there are at least two instances where normal 
chromosomes are cleaved into smaller linear pieces or 
‘minichromosomes’ which are subsequently replicated: these 
are chromatin diminution in the somatic cells of the worm 
Ascaris and other animals”, and macronuclear formation 
in the ciliates Stylonychia and Euplotes’. The replication 
of these ‘new ends’ will present exactly the same problems 
as that of the original ends of the normal chromosomes. | 
suggest, therefore, that these new ends must also consist 
of palindromic sequences, and that they are replicated in 
essentially the same way as the normal telomeres. Mpre- 
over, the site specific nuclease which functions in the repli- 
cation of minichromosomes could be the same enzyme as 
the one which initially cuts the chromosome into mini- 
chromosomes, as both have to cut at the same site in the 
sequence. The only difference is that in replication only 
one strand is cut (Fig. 2e) whereas in making minichro- 
mosomes two staggered cuts are needed on opposite strands 
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(Fig. 46). Two single-stranded ends will be produced and 
when the other strand is completed by DNA polymerase 
each minichromosome will have a complete palindromic 
end. To ensure that this cleavage does not occur in the 
germ line of Ascaris and in the micronucle: of the ciliate 
| suggest that the palindromic sequence and the endo- 
nuclease involved are different from those at the normal 
chromosome ends, and that the synthesis of the endo- 
nuclease is normally repressed and has to be derepressed to 
initiate chromatin elimination. This special endonuclease 
and palindromic sequence may have evolved from the 
normal ones involved in telomere replication. 


Origin of eukaryote chromosomes 


A necessary and crucial step in the evolution of a group 
of linear eukaryote chromosomes from a single circular 
bacterial chromosome must have been the evolution of 
some special mechanism for the replication of the chromo- 
some ends. Unless this mechanism was present right at the 
outset, pieces would have been lost from the ends of the 
chromosome at each replication. Therefore f suggest not 
only that the palindromic telomere mechanism evolved 
from a bacterial restriction mechanism, but that this change 
was all that was needed to convert a circular chromosome 
into several linear ones. Thus Fig. 4a if read from right to 
left could be taken to represent the origin of separate 
eukaryote chromosomes. 

It should be possible to test all the predictions of my 
model as methods for sequencing DNA and for tsolating 
and working with unbroken eukaryote DNA improve. 

Note added in proof: Work recently published by Wilson 
and Thomas (J. molec. Biol, 84, 115~144 (1974)) reveals 
numerous nearly perfect palindromes in eukaryote DNA, 
but does net indicate whether any are terminally located 
as my model would predict. 
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X-ray observations of the 
Coma and Virgo clusters from Copernicus 


THE X-ray sources. in: both the Virgo and Coma clusters of 
galaxies are known to be extended. We report here obser- 
vations to determine the spatial characteristics of each source 
using the two grazing incidence reflecting telescopes and the 
collimated proportional counters on board Copernicus’. 

The observations were made on January 6 and 7, 1973, 

and January 26 and 27, 1973, for the Virgo and Coma clusters 
respectively. In both cases only the widest field of view on the 
X-ray telescopes was used (effective beam diameter about 12’) 
to observe seven regions, one centred on the source, 
and six spaced equally 10’ from the centre position. The two 
telescopes covered the energy ranges 1.5 to 4.6 keV (3 to 8A) 
and 0.48 to 1.45 keV (6 to 18A) and the collimated counters 
the range 2.5 to 7.5 keV. A total of 254.7 min of usable data 
was acquired from the Virgo cluster and 382.6 min from the 
Coma cluster; the total observation time was approximately 
equally divided between the seven observing regions. 
Coma cluster: It is now well established that the Coma cluster 
is an extended X-ray source?*, The Uhuru results °° were 
Originally analysed in terms of a uniform emitting disk, witha 
resulting diameter of 36’. 4’ (ref. 5). A reanalysis of the data? 
by Lea ef al’ in terms of more realistic models, including an 
isothermal gas sphere, resulted in smaller source dimensions. 
For the isothermal oe models Lea ef al. deduced a best-fit 
core radius a == 16" < 3’, and for a model in which the gas 
eee as o oa (the asymptotic lahat to an isothermal 
+ 2°. Models for which the 
emission is pigeon OA to the first power of the density, 
predicted for some nonthermal mechanisms, were excluded 
by their analysis. 

The Uhuru observations could not distinguish between 
thermal or power-law X-ray spectra, but the low energy results 
from the rocket flight of Gorenstein er al? show that the 
apecinin is best fitted by thin source bremsstrahlung with 
KT = 8.1 + 1.5 keV (including an energy-dependent Gaunt 
factor), taking into account the absorption of 2.10” hydrogen 
atoms cm™* along the line of sight to Coma. A power-law 
spectrum appears to be excluded by the need for a hydrogen 
column density lying outside the acceptable range 1.5 to 
2.5 x 10° hydrogen atoms cm~? (for the galactic latitude of 
Coma). 

The X-ray telescopes on Copernicus observed a central 
region of Coma and six adjacent regions with 12’ effective 
diameter’. A total of 63 min observing time was spent on the 
central region, which contains the cluster kinematic centre, 
the Uhuru X-ray centroid and the two prominent galaxies 
NGC4874 and NGC4869. In the 0.48 to 1.45 keV range, the 
20 upper limit on the flux om the central region corresponds 
to 1.3 x 1077 photons cm~? s~}, and in the 1.5 to 4.6 keV 
band the recorded count, at 30 ere Pe neronne: corresponds 
toa flux of 9.4 x 1073 photons cm~*s~!, assuming the spectrum 
described here. ic the outer regions, ae average signal over the 
six bins gave 3.3 x 107° photons cm ~“? s-t in the higher 
energy band (a 2.76 result), 

We have compared these observations with the counts 
predicted by spectral fits to the combined data from Uhuru 
and Gorenstein ez al.®: 

























dN/dE = (0.044/E G e~®/*T photons em~? s> keV ~? 
where the Gaunt factor G = 0.8 (E/AT)~°?" EJKT > 0. 1 
ae G = 1 -log (EIKT) EIkT < 01 
= 1.5 keV. 
For ae eie encies of the telescope system covering the 
0.48 to 1.45 keV band, the predicted count from the who 
cluster is 375 + 41. The 2o upper limit from the central 
was 54 counts and we can therefore state with 95° confi 
that less than 14° of the total emission. comes re 
central 12’ for this energy interval. For the higher 
(1.5 mi 4.6 keV) the predicted count from the whi 
287.3 + The observed count aner pac terouni subtracti 
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of ihe predicted ‘cul 
Assuming an isothermal gas den puron P= Po ( E oe “fa 


ale in the 0.48 - to 1.45 keV Bae and a value « a = 
from the higher energy band. The positive error on the 
result i reduced by ee the ratio vets the count 


energy interval. | 
A a et al. we have ro ae the density f 


again agreeing with a == V + X from ref. 6. | 
As a test on the reliability of the Copernicus results. 
here, we have compared them with predictions based. 
Uhuru and Gorenstein results. The count obser 
2.5 to 7.5 keV detector, which viewed the whole cluster th 
out the observations was 2,873 +- 192 counts at I 
background. The total predicted count was 2,716 : 
the agreement to 5°4 accuracy being well inside the stati 
uncertainties involved. E 
Thermal models for the origin of the Coma cluster ? 
emission are presently divided between those which inv 
accretion for the origin of the gas°' and those which explai 
the intracluster gas as a wind emanating from the clus 
centre’? with the energy coming from violent activity. (see 
ref. 13), or by frictional heating. The inverse Compton models _ 
14.15 seem to be ruled out by the thermal shape of the. X-ray 
spectrum, supported by the present observations, as well as- 
by difficulties with the emission mechanism itself when applied 
to Coma’®", = 
The temperature distribution in the gas both for the accretion” 
models and the wind models (heating by mechanisms inside 
galaxies, and by friction) is predicted to fall with angular: 
distance from the cluster centre. The tentative results obtained ` 
in the present observations clearly show this trend, whilst not. 
allowing a preference among these individual thermal models - 
to be firmly stated. But the ‘heating inside galaxies’ model of- 
Yaĥil and Ostriker!? is given some support as the dominan 
mechanism, since the core radi: found here agree well. wi 
those predicted. 
Virgo cluster: Several rocket flights have observed 
source at 1 to 10 keV in the direction of M87 and the. Vir; 
cluster, as summarised by Lampton et a/.'* for flights befo 
1971. Since then, the Lockheed Group have observed. the 
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source between 0.2 and 1.6 keV (ref. 19) and found it to consist 
of a point source within a few arc mins of M87 and an ex- 
tended source with its centroid displaced ~ 0.2° in the direction 
of the optical jet. The point source was found to contain 
60 -- 30°% of the total low-energy X-ray emission; the Uhuru 
data are consistent with up to 35% of the emission coming 
from a point source. 

The best fit to the Uhuru spectral data ? is a power law, 
supposedly arising from the inverse Compton effect. Extra- 
polation of this spectrum to lower energies, combined with the 
spectral points of R.C. Catura er al. (unpublished results 
consistent with the upper limits of Gorenstein er a/.*') leads toa 
necessity for ageing of the electrons in the ambient photon 
field; self absorption, suggested by Kellogg et a/.?°, is ruled 
out by the spectral data of R. C. Catura etal. (unpublished). 
Alternatively both sets of data are consistent with a thermal 
bremsstrahlung from a plasma at 36 x 10° K, with only 
1.5 x 10% hydrogen atoms cm~? along the line of sight, 
consistent with radio observations in this direction. 

A reanalysis by Ricketts** of previous Leicester rocket 
flights which observed M87 shows agreement with the above 
bremsstrahlung spectrum in temperature and normalisation, 
without strong evidence for any variability (see also ref. 18). 
Uhuru observed no variability greater than 30°% between 
observations four months apart”. 

As with Coma, the Copernicus telescopes were pointed at a 
central bin and six neighbouring regions of the Virgo cluster, 
where the central bin contained M87. The counts obtained were 
compared with those predicted from the thermal spectrum 
above: 
dN/dE=0.31/E G exp(-£/3.1) exp (-oN,,) photuns em~?stkeV 
with Na = 2.5 x 10% hydrogen atoms cm”. 

In the 0.48 to 1.45 keV band we observed 71 + 21 counts in 
63 min of observation on the central bin (a signal 4.160 above 
background), compared with 1,032 + 62 counts predicted from 


wee 


the central bin. In the 1.5 to 4.6 keV band, we can set an upper 
limit of 10° of the predicted total cluster emission being in the 
central region containing M87 and the jet. These percentages 
are clearly inconsistent with the ~ 60° found by Catura et al., 
and are well below the 35°% upper limit set by Uhuru. 
Assuming the isothermal gas distribution p = py (I 
r*/a*)-*/?, our results imply a core radius a > 23’ for the 1.5 to 
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In the 2.5 to 7.5 keV detector with a wide field of view, the 
total observed count was 1,934 + 153, compared with 1.711 + 
174 from the Lockheed/Uhuru spectrum quoted above. So our 
observed flux is consistent with Uhuru to an accuracy of = 10°. 
We therefore infer that the total X-ray flux from the Virgo 
cluster in this energy range did not change by more than 10°% 
between early 1971 and January 1973. 

The OAO Copernicus observations of the Coma and Virgo 
clusters are consistent with the high-temperature isothermal gas 
sphere models already proposed for the emission, with some 
indication that the low-energy X-ray emission is more extended, 
as hypothesised for the Perseus cluster*®. There is no strong 
galactic X-ray source at the centre of either cluster, in contrast 
to the bright X-ray emitting Seyfert galaxy NGC 1275 at the 
centre of the Perseus cluster?*. We note that all three clusters 
contain active galaxies (strong radio sources) near their centres, 
but only Perseus has a strong infrared emitting Seyfert galaxy. 

The absence of a strong point source in the Virgo cluster is 
in disagreement with Lockheed rocket flight data. We do, find 
good agreement, however, with Uhuru data from the whole 
cluster (including M87) in the 2.5 to 7.5 keV range. 
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Prediction of radio structure 
in the two largest redshift QSOs 


THE discovery that the optical objects identified with OH471 
(0642 :-449) and OQ172 (1442. 101) are QSOs with redshifts 
of 3.40 (ref. 1) and 3.53 (ref. 2), respectively, has stimulated 
considerable interest in their optical®+ and radio properties’. 

Here we present predicted angular sizes for the radio sources 
based on incoherent electron synchrotron emission. Such 
angular sizes, combined with a cosmological interpretation 
of the redshifts, determine the minimum variability timescales 
consistent with the absence of relativistic effects. 

Figure | shows the radio spectral data of OH471 and OQI72 
(ref. 5) and decompositions of the spectra into canonical self- 
absorbed synchrotron components. We have used the minimum 
number of canonical components consistent with the data and 
have made the simplifying assumption that all components of a 
given source have the same spectral index, a. Uncertainties 
in the data preclude a meaningful determination of the spectrum 
at the highest radio frequencies. 

Table I lists the resulting properties of each component. The 
frequency v, and the spectral flux Fv, connote the interesection 
of the extrapolated onaque and transparent portions of the 
spectrum of each component. The v, 6.5 GHz and the v, = 18.4 
GHz components of OH471 are not very well established, but 
any combination of canonical components in this frequency 
range results in similar angular sizes. 
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Table 1 Theoretically expected angular radii and timescales 


Source OH471 (0642+ 449) OQI72 (1442+101) 
z 3.40 3.53 
vn [GHz] 0.84 6.5 18.4 0.26 0.94 
Fy, Dy) 3.0 0.63 0.83 2.6 2.5 

| 0.89 0.89 0.89 0.63 0.63 
(Fy°- cs Fy’) [10> are s} 3.8 0.28 0.13 6.1 1.9 
Or=um [t0 ares} 4.9. 0.33 0.14 12 3.5 
Olue=um) [107 ares] = 5.1 (4.8)* 0.31 (0.29) 0.12 (0.12) 14 (13) 3.7 (3.5) 
Our==ue) [10 are s} 5.1 (4.4) 0.27 (0.23) 0.10 (0.08) 17 (14) 3.9 (3.4) 
Dı [Gpe] 20t (55) 21 (59) | 
RUF yo = Fy’) [pc] | 19 (50) 1.4 (4) 0.6 (1.7) 30 (80) 10 (26) 
{Fy = Fy’) [yr] 90 (250) 6 (18) 3 (8) 150 (400) 50 (130) 
te? [°% per yr] Me 1.1 (0.4) 15 (5) 30 (12) 0.7 (0.24) 2.1 (0.8) 
Blte=tm) [mgauss] | 15 (12) 130 (100) 300 (260) 6 (5) 19 (15) 


Uue=um) [MO e] 50 (600) 1 (20) 1 (15) 100 (1000) 30 (300) 





*Two values appear for: each parameter dependent upon ‘the cosmological model: They are calculated for standard Friédmann cosmologies 
with g = 1 and with g=90 (in parentheses). 
tThe luminosity distance is based upon (c/H)=6 Gpe (H=50 km(s Mpc) (H= ‘S0km(s Mpc) ~ m 
The angular size of a compact nonthermal source depends only weakly on assumptions about physical properties or distance, if the radiation n 
is incoherent electron synchrotron emission with no relativistic bulk motions*!-1°, Angular sizes and assumed distances therefore imply a minimum i 
eg eas of variability i in the absence of highly relativistic effects, | eat 
y= i fu 


Estimation of the angular size of a compact radio source spectrum, the small dispersion in brightness temperature 





with known spectral form rests upon the establishment of its allows an accurate estimate of angular radius @, since Oy,, _ 


maximum brightness temperature. Compact nonthermal radio Fy,) œ Ta ™?. Table 1, which lists angular radii calculated — 
sources show a rather narrow range of maximum brightness according to assumed values of four different physical source | 
temperatures, 10° K < Ta < 10'* K (refs 6, 7). Although this parameters, demonstrates the insensitivity of the angular radius 
results partly from observational selection, it also follows as a (brightness temperature) to physical conditions in a source. 
direct consequence of synchrotron theory®’. For a given radio The parameter (F\°/Fy') represents the ratio of spectral flux. 

in Compton-scattered synchrotron photons to (extrapolated) 


synchrotron spectral flux. The other three ratios involve the _ 


energy densities in relativistic electrons (ue), magnetic field 
(um) and radiation (u,). 

The insensitivity of 8 to each of these parameters follows 
from readily derivable relationships (see Table 4, ref. 8): 


OF C/FS) o (FS iF) veer) (i 4. z)(2* 0) (34), (1) 
TONA: C (Urt) “ino (l5, (2) 
O(Ue/Um) ox (Hejm) ca (i+ A a DE, (3) 
Quet) € (ujt) = (1 +-z)8? DM, (4) 


with D, the luminosity distance. So even crude bounds to any 
of these ratios greatly restrict the angular sizes. In many cases, 
optical and X-ray observations require (F/F) < < 1 (ref. 8) 
and the radio data alone generally suggest (FVR °) < 1 
(refs. 9, 10). If u, > um, Compton energy losses dominate 
synchrotron losses; thus, to avoid catastrophic luminosities, 
(U/UP? < 1. Although equipartition (He =tum) seems unlikely 
in evolving compact sources and experience suggests 4, > Um 
(refs. 7, 8) it seems reasonable to expect that (Melum p Y= 1. 
Finally, (u,./u,) represents the weighted radiative lifetime of 
electrons normalized to the travel time of light across the 
source; consequently, in the absence of noncentral accelera- 
tions, (4./u,) > 1. 
The canonical incoherent synchrotron model admits angular 
sizes smaller than those given in Table 1 only in the presence of 
. relativistic bulk motions (for example, small pitch angles or 
relativistic expansion)**, These minimum angular radii range 
in the lower frequency components between 2 and 6x 107° 
arc s, and even the v, == 18.4 GHz component of OH471 should 
have an angular radius in excess of 0.1 x 107° arcs. Very long 
baseline interferometric (VLBI) observations could confirm, 
therefore, the consistency of the canonical assumptions. 


Fy Gy) 


Fy (Jy) 





es 0l 02 0406 F ; 1 10 30 40 20 rag The Source angular radius indicates a physical size 
VIGH) | R= D6 +-z)7? (5) 
and, for variable sources, an index of variability 
° iy=(R]/c ty) 1+2) æ (D,8/e t142), (6) 
Fig. 1 Radio spectral data of: a, OH471 (0642 + 449); b, OQI72 where the variability timescale f= id In Fy/dt|—. In the 
Win the cold ces ee en Seer bars ae eror e absence of highly relativistic effects, j= 3 (ref. 9); conversely, 
positions of those portions of the spectra indicated by solid lines for i, < 3, there is a minimum ¢, consistent with the assumed 


into canonical self-absorbed synchrotron components. angular size and distance. Table 1 lists for each source com- 
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ponent values of R and fẹ, based on luminosity distances DI 
calculated (assuming c/H=6 Gpe; H=50 km/(s Mpc)) for a 
Friedmann cosmological model with q=1 and for one with 
q=0. We note that for redshifts as large as three, the choice of 
cosmological model (g) significantly influences the allowed 
values of 4, and t,~! as well as some derived parameters such 
as the equipartition (minimum) energy content. 

Present observations do not firmly establish the existence of 
variability in either of these sources, although Gearhart et al.° 
suggest the possibility of a 20% decrease in OH471 at 1.4 GHz 
during a 4 yr span, as compared to a value 4, = < 1% per yr 
given in Table 1 for the relevant component. If such rapid 
variations are present, VLBI observations could ultimately 
decide among possible alternatives to the canonical assumptions 
made here®*, | 
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How long do radio galaxies 
emit at radio wavelengths 


Many clusters of galaxies from Abell’s catalogue’ have 
recently been observed at 1,400 MHz with the 300-foot 
radio telescope of the NRAO (ref. 2 and F. Owen, to be 
published). On the Palomar Sky Survey prints we inspected 
355 clusters of galaxies (111 of them were observed by 
H.M.T.’, the remaining 244 by F. Owen, to be published) 
which belong to distance group 5 and thus are situated at 
almost the same distance. Radio emission in excess of 0.1 
flux units (f.u.) was detected from 95 out of the 355. A 
radio source was identified with a cluster of galaxies if it 
was within 5 arc min from the cluster centre, the diameter 
of which is about 25 arc min. 

The study showed that: r 

(a) There are 27 clusters of galaxies in which the 
brightest is a cD-type galaxy (cluster type I according to 
Bautz and Morgan’). Eighteen, of them emit at radio 
frequencies. Since the probability of detecting a radio 
source at the position of a cluster of galaxies is one in the 
case of observations of 22 clusters, if objects of both types 
are distributed randomly’, the most probable number of 
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incorrect identifications is one or two. 

(b) There are four clusters in which the brightest 
galaxy is a compact galaxy and two of them are radio 
emitters. 

(c) Fifty-one clusters have two or three bright members, 
one of which is either a cD-type or a compact galaxy, or 
a peculiar galaxy, or a close double galaxy. Radio sources 
are found at the positions of 39 such clusters. Two or three 
of the detected sources may be located there by chance. 

(d) There are 33 clusters in which a bright elliptical 
galaxy dominates. Radio emission is detected at the posi- 
tions of only three clusters and two of these identifications 
could be by chance. 

(e) There are 45 clusters which contain two or three 
bright E galaxies. Radio sources are found at the positions 
of six of them and two of these identifications are most 
probably spurious. 

Since the angular resolution of the survey is greater than 
the diameters of the clusters it is possible to go one step 
further and check whether the dominant galaxy in the 
cluster is within the error box of a radio source position. 
In almost all the above cases this is so. Since radio sources 
are generally not resolved this means that radio emission 
originates in one galaxy of the cluster rather than in many 
members of it. Thus one can with great confidence identify 
the radio sources in the clusters considered with centrally 
located, bright cD compact, peculiar, close double or 
elliptical galaxies. The radio luminosities of these galaxies 
are of the same order as that of NGC4486 (Vigo A) and 
higher. The Hubble constant H = 75 km s~’ Mpc~’ and 
the mean redshifts of clusters of galaxies in distance group 
5, given by Abell, were used to determine the radio 
luminosities. 

(f) Most numerous are the clusters of galaxies which 
do not contain any one dominant galaxy or even 2 or 3 
members sharply differing in brightness from the rest. In 
such clusters the differences in magnitude of bright member 
galaxies are small (cluster type 1H according to Bautz and 
Morgan’). There are 195 such clusters and radio emission 
is detected at the positions of only 27 of them. Moreover 
nine radio sources could be located at the positions of 
clusters purely by chance. 

Thus, about 70% of clusters of the first three groups 
have radio emission associated with them and hence the 
bright galaxies of these clusters, which are either cD-type, 
compact, peculiar or close double galaxies, emit at radio 
wavelengths during at least two-thirds of their lives, or 
more precisely during the interval of time when they look 
like galaxies of the named optical types. The duration of 
the radio emitting phase may be even longer if not all such 
galaxies pass through this phase. 

In clusters of galaxies of groups d, e and f, where the 
dominanting bright member is of type E or there is no 
outstandingly bright galaxy, the occurrence of radio emis- 
sion is seven or eight times less frequent than in clusters 
of the first three groups. Consequently these galaxies emit 
radio waves for not less than 10% of their lives. 

We thank Mr F. Owen for making available the results 
of his observations before publication. We also thank 
Professor V. A. Ambartsumian for his interest in this 
project and for valuable discussions. 
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H0, O, N,O and HNO, 
in the arctic stratosphere 


MEASUREMENTS of the. total amounts and average mixing 
ratios of a number of st atospheric trace gases at altitudes 
above 15 km have previously been published'“*, The meas- 
urements were deri from submillimetre wavelength 
emission spectra, rece on board Concorde 002 during 
high altitude test flig 

Here we report the minary results of further measure- 
ments from this aire sing an improved experimental 
system which permitted us to carry out a limb-scanning 
experiment to deduce. ‘not only the total amounts but also 
the vertical profiles of several gases. 

The results were obtained during flights made in May 1973 
into the Arctic circle. Prestwick international airport was 
used as an operations centre, and flights took place during 
both day and night, reaching a most northerly latitude of 
72.5°N. The flight paths were generally triangular, with a 
rather short northernmost east-west or west-east leg. The 
present data were obtained on flights on May 16 and 16/17 
(night), 1973. Flight altitude was a constant 50,200 feet 
(15.25 km). Take-off times were 1500 Gmr and 2400 GMT. 
The results reported here were obtained between 65 and 
70°N. 

The interferograms were recorded once per 8 min, up 
to an optical path difference equivalent to 0.04 cm™'. These 
were later Fourier transformed at the National Physical 
Laboratory (NPL). The atmospheric temperature profiles 
were obtained from the meteorological sounding network, 
with kind cooperation from the Meteorological Office. The 
analysis and spectroscopic assignments of the spectra have 
been described elsewhere, The method used for analysing 
the concentration profile was a standard limb-scanning 
method**, 

Figure | shows the initial results obtained, using spectral 
data from May 16/17,..1973. The diagram shows mixing 
ratio profiles for H:O, Os, HNO; and N:O, a tentative 
column density for NO: and an estimated upper limit for 
SO:; it also shows the volume mixing ratios evaluated for 
each species below 15 km. It is not possible to deduce 
unambiguously a mixing ratio distribution profile above 
the flight altitude and so we have quoted only the total 
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Fig. 1 The vertical distributions of H:O, O3, N:O and 
HNO:, at 65-70°N, measured in the limb-scanning experi- 
ment on Concorde 002, May 1973, from an altitude of 15 km. 
Below 15 km, concentrations are quoted explicitly in volume 
mixing ratio units, above 15 km, total column number 
densities (cm™°) are quoted at the top of each curve. The 
curve above 15 km represents the (assumed constant) volume 
mixing ratio equivalent to the quoted column density. At 
the top left the range of column densities observed for NO: 
is given, and an upper limit to the amount of SO. 
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Fig. 2 Results of the inversion procedure for N,Q (May 

16/17 at 65-70°N). The stepped curve shows the present 

results; broken curve, our previous results’; solid curve, some 

recent results by Murcray et al.?; bar-dash curve, results by. 

Schutz er al., dotted curve, some earlier results by — 

Murcray ef al., ust 
column number density above this level. These are ji 
numbers shown at the top of each curve; the values ra 
from 10° molecules cm™* to less than 10" molecules em“ 
This range of column density may be obtained from a 
single spectrum, demonstrating the power and dynamic 
range of radiative methods such as ours. The broken lines 
with arrows represent the equivalent effective mixing ratios, 
if constant mixing is assumed, and are shown for com- 
parison. | 

The shaded areas at the left are for NO- and SO». tk the 
case of NO: we have measured the Q branch at 37.78 em}: 
this, unfortunately, does not yield any information. belo G 
the horizon, because nearby strong H:O lines become so 
intense that the NO. Q branch is ‘obscured’. Thus inform; 
tion on the column density only has been obtained. The bo 
shown represents the range of values of column number det 
sity observed, 0.5 to 1.3 10" cm~? converted to an effective 
average volume mixing ratio (see above). Some limited evi- 
dence is available of a variation between day and night, 
but more evidence is necessary before it can be regarded- 
as conclusive. In the case of SO: there is still uncertainty 
in our assignments and, moreover, in the value of integrated. 
line strength which should be used. The box thus indicates. 
that we can place an upper limit on the amount of SO = = 
above 15 km of 2.6 10” cm~*, corresponding to an effective — 3 
average volume mixing ratio of 1x10. This is not an 
absolute measurement and the true value could be much 
lower than this. 

Below 15 km, we give mixing ratio profiles for HO, Os, 
HNO; and N; O. The results are given as the average vol- 
ume mixing ratio in 1.5 km thick layers. 

For water vapour, the mixing ratio drops from a value 
of about 4x10-°-Sx*10-° at the tropopause to about 
3x10 at 15 km and seems to stay near this value above 
15 km, We have previously obtained a large amount of in- 
formation in this region of the stratosphere on the humidity 
distribution and have invariably found similar behaviour 
(see Fig. 2 of ref. 1). No diurnal variation was observed. 

The ozone profile yiefds a total amount in good agree- 
ment with the limited meteorological network data that were 
available’ and indicates fairly high mixing ratios in the 11-15 
km layer, as might be expected for polar spring maximum 








‘conditions: We are at present analysing similar data taken i in 


‘October 1973 and ‘hope to compare the spring and autumn 
profiles. A variation in the amount of ozone between the 
: day and the night flights was observed, which agrees fairly 

7 well with meteorological data. 
| ~The N:O profile is basically a constant mixing result, with 
“some indication of a falloff above 15 km. The average 
-mixing ratio in the lower stratosphere is, however, approxi- 
= mately 300 x 107°, somewhat higher than the accepted value 
of 250x10. The N:O results have been replotted in Fig. 
ooo Zon a linear scale of mixing ratio and the results of several 
other workers are shown for comparison. C. B. Farmer and 

SR, A, Toth (private communication) report results similar 
to Murcray’s and our own. 

Thus there still seems to be uncertainty about the N:O 
profile in the lower stratosphere and it is an open question 
whether the observed variabilities are a consequence of real 
_ atmospheric variations or instrumental effects. It is not 
- possible in the present work to obtain any information about 
~~ NO above about 17-18 km. We did not detect any diurnal 
we ‘effects. 

Finally in Fig. 1 we consider the mixing ratio profile 
= obtained for HNO;:. The mixing ratios seem slightly but 
significantly higher than those given by Murcray™’ for 
the same levels but obtained at lower latitudes. Murcray 
does, however, report higher concentrations in results he 
© has obtained over Alaska at similar latitudes to our own” 
and what is observed may be an effect based on tropopause 
~ height and seasonal variations, similar to that found for Os. 
< No diurnal variation was detected. 

- Figure 3 shows the HNO; data replotted on a linear mix- 
: ing ratio scale and compared with other results (the column 
-= density above 15 km has been arbitrarily contained below 
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Fig. 3 The results for HNO; (May 16/17, 65-70°N) com- 
pared with previous measurements. The broken curve is by 
Murcray ef al.* as are the squared points’; the light triangle 
and quadrangle enclose points measured by Lazarus et al”. 
Total column density (10km—top)=3.14 x 10°* cm atm. 


25 a im order to simulate a ayer for the’ pipiens: ‘of the 
diagram. See Fig. 1 for the corresponding column density.) 
The broken curve is a result by Murcray’s group in mid- 
latitudes’, the squares represent the extreme values of a 
“double-layer” observed by the same group’ and the two 
areas enclosed by polygons circumscribe the range of values 
obtained, again in mid-latitudes, by Lazrus and coworkers". 

We are at present analysing data for October 1973 and 
we hope to compare spring and autumn results for HNO; in 
this way. 

The picture emerging for HNO; seems to be reasonably 
consistent between the various groups of workers, although 
at the moment unexplained variations in the total amount 
do occur, ranging over about a factor of 2. The mean 
pressure column density seems from our work to be about 
2.5X107' cm atm (in agreement with Murcray et al.). 

The results reported here are some of the first to be 
obtained in the Arctic stratosphere, an important part of 
the atmosphere vis-d-vis stratospheric contamination by air- 
craft because of the typically low tropopause, which means 
that transpolar and North Atlantic flights spend a large 
fraction of their time well above the tropopause. They are 
also the first results from a submillimetre wave limb-scan- 
ning experiment. 

We thank the following for their help and cooperation: 
at the NPL, Dr N. W. B. Stone, Mr K. H. Hursey and Mr 
W. Clutterbuck; at the British Aircraft Corporation, Mr. B. 
Trubshaw and his many colleagues at Fairford, and Mr J. 
Leach and his colleagues at Bristol; the British Oxygen 
Company; and the management of Prestwick Airport. 
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‘Cold spot’ in West Africa: 
anchoring the African plate 


Very low heat flow values of 18+2 mW m™” (0.42 +0.04 
calorie cm” s7) and 22+2 mW m~” (0.51+0.05 ucalorie 
cms 1) have been determined for two sites 85 km apart 
on the West African Precambrian shield in the Niger Re- 
public (Table H). | 

Temperature surveys were carried out with a thermistor 
probe in March 1972 in three boreholes, 245 m, 406 m, and 
315 m deep, respectively, in western Niger. The thermal 
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Fig. 1 Temperatures, gradients and conductivities for the 


analysed portions of the boreholes. In the graphs for K15 
the solid curve represents a survey made nine days after 
drilling had stopped at 315 m, and the dashed line represents 
equilibrium temperatures predicted fr@m two additional 
surveys made soon after the hole was deepened to 360 m. 
The nine-day curve and the predicted equilibrium curve 


bracket the measured equilibrium profile for K6B which was ° 


only 200 m away. 






conductivities of solid rock disks, saturated with water 
before measurement, were subsequently determined on a 
conventional divided bar apparatus. 

Figure 1 shows temperature profiles with depth, tempera- 
ture gradients calculated for 20-m intervals, and thermal 
conductivities for the analysed portion of three holes. Two 


sets of temperature data are shown for site KIS. Heat flows 
were calculated using both KI5 gradients: the mean is re- 


corded in Table I and agrees very well with the heat flow 
determined from the nearby site, K6B. 

The increasing gradient with depth in K6B (Fig. 1) is 
puzzling in view of the apparently uniform conductivity of 
the samples from that hole, and suggests the possibility of 
recent climatic warming. The consensus of climatological 
opinion’, however, is that the region was, if anything, cool- 
ing rather than warming during recent times. Furthermore, 
the Donkolo site does not confirm the speculation of a 
recent regional warming. 

The results of radioactive heat production measurements 


on aggregate samples of core chips are given in Table 1. _ : 
The mean of 1.2 „W m”° for the basement rock at the | 


Kourki site is taken to be representative of the region. 


The two sites of the heat flow determinations are both 


located in Precambrian terrain on the eastern edge of the 
exposed West African craton. Six K-Ar ages of rock with- 
in 100 km of the heat flow sites’ range from 2,487-1,206 
Myr. The heat flow values reported here substantiate the 


general observation of low heat flow in Precambrian shields, ~ 


a result anticipated by Beck and Mustonen’ from tempera- 
ture measurements in boreholes in Ghana. These west. 

Niger heat flow values are, however, considerably less than . 
the mean heat flows of any of the other shields. The South- 
ern Africa craton provides a useful comparison; there, fif- 
teen measurements range from 36 to 59 mW m” with an 
average of 49 mW m”, The worldwide average of all shields 
is near 40 mW m”. 

When heat flow data are coupled with information about 
the distribution of radioactive heat sources, reasonable 
estimates of temperatures at depth can be made. For a con- 
tinental shield, Sclater and Francheteau‘ outline a heat 
production model based on the petrological concepts of 
Ringwood’ and compatible with observed heat flow and 
surface heat production data. A surface heat flow in the 


Sclater~Francheteau model of 40 mW m™ is comprised of — n 


28 mW m° arising from radioactive heat sources in the 
outer 400 km of the Earth and 12 mW m™ originating at 
greater depth. 

It is clear that the Niger heat flow could be satisfied 
entirely by the flux originating above 400 km in the Sclater- 
Francheteau model, or with appropriate fractions of both 
the shallow and deeper flux. We reject the former option 
because it possibly implies a nearly isothermal lower mantle, 
a condition we think unlikely. Therefore, we have cal- 
culated temperature models that include some flux from 
below 400 km, consistent with two constraints: first, the 
measured surface heat flow, 20 mW m~’; and second a 
near surface radioactive heat source distribution that 
diminishes exponentially downward from the measured sur- 
face value of 1.2 W m™. The logarithmic decrement of 
the near surface heat source function and the temperature 
dependence of the thermal conductivity remain variable 
parameters of the models. 

Two temperature models for Niger, along with a typical 
40 mW m™ shield geotherm and a melting point curve, are 
shown in Fig. 2. One model, which we have called an 
‘upper*limit’ model, represents the likely upper limit for the 
temperature distribution beneath western Niger, consistent 
with the listed constraints. It is characterised by a logarith-. 
mic decrement of the heat source of (5 km)” and a uniform: 
thermal conductivity of 2.5 W m™* K>. We prefer the 
second model which uses a logarithmic decrement of 
(8 km)’ and a modest increase of thermal conductivity - 
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Table 1 Heat flow and heat production data 
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Site Latitude Longitude Borehole 


Donkolo 14° 53’N 0° SE DS4 
DS3 
Kourki 14° 25’N 0° 20°E K6B 
KI5 
K6B 
K6B 
K15 
KIS 
K 16 


Depth Heat Heat 
interval production flow 
(m) (uW m`?) (mW m°?) 
60-245 18 (0.42) 
140-250 1.8 (4.3)* 

180-406 22 (0.52) 
160-358 21 (0.51) 
60-190 1:3 (3.2) 

210-410 1.2 (2.8) 

50-190 lel (2.6) 

200-360 0.96 (2.3) 

50-100 1.2 (2.9) 


* Numbers in brackets refer to heat production in 107 calorie cm? s and heat flow in pcalorie cm? s^. 


with temperature, following Schatz and Simmons’. Neither 
of the Niger models reaches the temperatures of the average 
shield geotherm. Furthemore, unless the entire section of 
the upper mantle below the West African shield is severely 
depleted in heat producing isotopes, the heat flow originat- 
ing below a depth of 400 km must be only 7 mW m”’, about 
half the corresponding value for the average shield. We 
therefore must conclude that the Precambrian crust and 
underlying upper mantle of western Niger probably com- 
prise one of the coldest regions in the outer 400 km of the 
Earth. 

The mechanical consequences of this ‘cold spot’ are 
worth brief consideration. The plate tectonic model of 
Earth dynamics envisions a rigid, mechanically strong 
lithosphere overlying a weak and deformable asthenosphere. 
The base of the lithosphere has no rigorous definition; it is 
commonly equated to the top of the upper mantle seismic 
low velocity zone. This zone usually begins at depths of 
50-150 km, depending on the tectonic setting. We suggest 
another working definition for the boundary between the 
lithosphere and the asthenosphere: that depth at which the 
viscosity of the Earth has diminished from its high surface 
value to 10° kg m7's™’ (10) poise). Such a viscosity for the 
asthenosphere is suggested by postglacial rebound, and also 
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Fig. 2 The variation of temperature and viscosity with 

depth for three heat flow-heat production models: a, 

Average shield: 5, Niger upper limit; c, the preferred Niger 
model, d, melting point. 


by the velocities of lithospheric plate motion over the 
asthenosphere. : 

We have calculated the viscosity as a function of tem- 
perature, and thus of depth, for the temperature models 
shown in Fig. 2. We have followed the development of 
Weertman’, which relates the viscosity to temperature- 
dependent creep and dislocation glide. The calculations 
assume a stress of 10° N m~“ (0.1 bar) and the melting curve 
shown in Fig. 2. The calculated viscosity profiles also are 
shown in Fig. 2. The model for the average shield tempera- 
ture implies a lithospheric thickness of some 175 km for a 
typical shield, a value quite consistent with seismically de- 
termined values reported for various shields. The two 
models for West Africa suggest that the lithosphere there 
extends to depths well below 400 km; whether an atheno- 
sphere is developed at greater depths is somewhat uncertain. 
Our conclusion is that the lithosphere is very thick, and that 
the asthenosphere is very thin or absent beneath West 
Africa. 

The logical consequence of a thick lithosphere and a 
poorly developed or absent asthenosphere would be that the 
motion of the lithosphere would be impeded. In the ex- 
treme, the plate would be rendered immobile. Burke and 
Wilson’ have indeed suggested that such has been the case 
for the African plate since the early Miocene. 

Has the African plate run aground? 
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M agnetic behaviour of some 
partially unmixed titanomagnetites 


THE ‘remanent magnetisation of igneous rocks is mainly 
carried by titanomagnetites. To obtain reliable information 
about the Earth’s field during the past it is necessary to 
understand the mechanisms involved in the acquisition of 
remanence and in any subsequent changes. Much informa- 
tion has been obtained by studying basalts, but this approach 
is limited because of unknown factors such as grain size, 
degree of subsequent oxidation and impurities present. Syn- 
thetic, sintered samples of known composition have been 
used by many workers in order to avoid these difficulties. 

In our present work, sintered  titanomagnetite, 
Fes-Ti,0, (with x==0.5, denoted TM50) was used to prepare 
simulated average basalt by dispersing a known quantity of 
a selected particle size into a silicate nonmagnetic matrix 
(powdered Pyrex or silica). This study was undertaken in 
order to investigate reversals of magnetisation observed in 
natural basalts’. The simulated sample showed a partial 
reversal of remanence when cooled in zero field. The study 
was then extended to the compositions TM40 (x=0.4), and 
TM60 (x=0.6). 

The samples were prepared by a double sintering pro- 
cedure’ at 1,350° C in a sealed mullite tube filled with a 
mixture of CO.-CO which acted as an oxygen buffer and at 
the same time aided the oxygen transfer between Fe and 
Fe.O; in the initial mixture consisting of Fe, Fe:O;, and 
Tio. All samples were cooled at approximately the same 
rate given by the normal cooling rate of a massive furnace. 
It took about 15 h for the furnace to cool from 1,350° C to 
room temperature. The samples were chemically analysed 
(% of Fe™ by wet chemical analyses, Fe: Ti ratio by elec- 
tronprobe microanalyses) and their phase uniformity 
checked by X-ray analyses using Debye-Scherrer and 
Guinier-de Wolff cameras. All samples were nearly stoichio- 
metric and free of stray phases. Initial susceptibility, and 
saturation magnetisation-temperature curve confirmed this. 
The size of individual crystallites (grains) in the densely 
sintered tablets ranged from about 20 to 160 um, grains of 
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Fig. 1 Magnetic remanence as a function of temperature 

for simulated basalt. Heating curve (@), cooling curve (O). 

Inset 1: Pyrex capsule with the simulated basalt; la, layer e 

of TM50 particles dispersed in powdered Pyrex; 1b, protec- 
tive layer of powdered Pyrex. 


















40 um being most abundant. 

A part of the TM50 material was T 
fractionated into various particle sizes by means o 
centrifugal dust classifier. But, in this study only t 
fraction containing particles from 20 to about 50 um w 
used. It was mixed with specially dried. powdered Pyre 
give 3.5% by volume of the titanomagn the 
magnetic matrix. The mixture was enc. 
capsule. This was evacuated and outgasse: 
sealed off in such a way that the aa 
immobilised. 
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Fig. 2 Magnetic remanence as a function of temperature 
for a, TM60, b, TM50, and c, TM40. d, TM50 annealed a 
1,100° C. Heating curve (@), cooling curve (©). The value: 
of remanence at 35° C are shown on the left vertical axi 
treduced four times). The Curie temperatures determin 
from susceptibility measurements are indicated on the te 
erature axis as bold marks. Inset 1: Pyrex (quartz) capsi 
with TM40, 50, and 60; la, coarse particles of titanomag: 
netite: lb, powdered Pyrex (quartz). 2 


next to the heating furnace’ is shown in Fig. 1. The- tw 
Curie temperatures show that while the bulk of the materia 
is TM50, magnetite is also present. The amount of magnet 
proved to be under the detection range of X-ray analyses 
while low field susceptibility and saturation magnetisation 
temperature curves suggest a very small quantity of mag 
netite (possibly under 1% by weight). If the demagneti 
sation was stopped at about 280° C (after the Curie temper 
ature of TM50 was reached) and the sample was then cooled. 
in zero field the remanent magnetisation showed a partial 
reversal on cooling through the Curie point. The same result = 
was observed after prolonged heating to higher temper- 
atures. oc 
To investigate further the partial reversal, samples of 
TM40, TM50 and TM60 were prepared in a time-saving = 
way as indicated in the inset to Fig. 2. All the magnetic o> __ 
sample in the form of relatively large pieces broken off aoo 
from the original tablet (ranging in size from about 0.1 to. 
1.0 mm) was confined to the bottom space of a Pyrex (or — 
quartz) ampoule. The three samples were then given an IRM 
in a field of 5 kOe. The results of continuous thermal 
demagnetisation are shown in Fig. 2. The curves exhibit a 
sudden increase of remanence at the Curie temperature of 
each gomposition respectively and the final Curie tempera- | 
ture of magnetite. If the samples were cooled after the first 
Curie point had been reached and before total demagneti-: 
sation occurred, a very sharp decrease in remanence w 
observed at a slightly Higher temperature than the ‘jt 
observed on heating. The coarsely crushed sample of TM5 
was then annealed at 1,100° C for 3 h in an attempt. 
resorb the small quantity of magnetite. To avoid any appre- 
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ciable unmixing occurring on cooling, the sample was 
rapidly removed from the hot furnace into a water-cooled 
brass jacket. This was successful, as in the repeat demagneti- 
sation experiment the strange behaviour in the vicinity of 
the Curie temperature of TM50 practically disappeared 
(Fig. 2 curve d). It is noteworthy that the initial value of 
IRM exhibited by the sample at room temperature (see 
point d on the left vertical axis in Fig. 2) was very much 
smaller than previously. All these results suggest the 
possibility of a strong coupling between the magnetite 
regions present and the original titanomagnetite matrix. 

The partial reversal observed on cooling of our simulated 
basalt seems to be similar to partial reversals demonstrated 
in natural basalts" and in synthetic TM60 (ref. 7). This 
effect has been explained by negative magnetostatic coup- 
ling between the original spinel and a partially-oxidised 
cation-deficient spinel with higher T.. In our samples, how- 
ever, oxidation was ruled out. So, this explanation cannot 
account for the features of the curves shown in Fig. 2. We 
believe that all our observations are related to the same 
phenomenon-—the presence of segregated magnetite and the 
resulting coupling. Small regions of magnetite are most 
likely to be the product of subsolvus segregation (in petro- 
logical terminology usually called ‘unmixing’) from the 
originally homogeneous single phase titanomagnetite. The 
curve confining the miscibility gap in the magnetite—ulvé- 
spinel solid solution series is reported to be of the simple 
‘hoop-shaped’ type". It is known, however, that the ‘two 
spinels’ field in the appropriate phase diagram’ is still rather 
tentatively marked and much less is known about the 
kinetics of unmixing. Nevertheless, the phase diagram shows 
that the critical temperature for unmixing for the three 
compositions studied here should lie between 500° and 700° 
C. Unmixing in our samples is therefore likely to have taken 
place during the relatively slow cooling after their final 
sintering. 

The correlation between the position of the Jump and 
the Curie temperatures is obvious. The temperatures mark- 
ing the onset of the jump on the heating curves correspond 
approximately to 160°, 230°, and 315° C for TM60, 50, and 
40 respectively. The corresponding Curie temperatures 
determined for the latter samples from the susceptibility- 
temperature curves were 159°, 227° and 320° C. The repro- 
ducibility of the curves in Fig. 2 shows that no unmixing is 
taking place during the thermal demagnetisation. The jump 
is also reversible on cooling except for a hysteresis which 
grows with increasing x value. | 

The magnetic behaviour of the samples in our experi- 
ments can be phenomenologically explained in the following 
way. Below the Curie point of the matrix its permeability 
is high and some of the magnetic lines of force emanating 
from the magnetite regions are trapped in the matrix of the 
parent titanomagnetite. This results in a reduced amount 
being sensed by the astatic magnetometer. On passing the 
Curie point the permeability of the matrix drops, so that the 
lines of force emanating from the magnetite inclusions spring 
out of the sample and the magnetometer records a sudden 
increase in moment. When the sample is cooled the 
permeability rises sharply at the Curie point of the matrix 
and the lines of force from the inclusions are once more 
partially trapped and the decrease in moment is produced. 
The onset of these downward jumps which occurs at 
slightly higher temperatures may indicate that the regions 
adjacent to the magnetite inclusions could be slightly richer 
in iron than the bulk of the matrix. Some other mechanism 
might account for these hystereses, however, sifch as 
temperature-dependent reordering of cations. Research 
into this possibility is under way. In fact, we have observed 
similar hystereses on the susceptibdity-temperature curves. 

The simulated rock does not show the relaxation on 
heating through the Curie point. This may be associated 
with the different history of this sample, in that the titano- 
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magnetite particles are smaller, mutually separated by non- 
magnetic material and strained because of grinding. More 
experimental data are needed. 

It seems that measurements of magnetic remanence pro- 
vide a very sensitive method of studying the process of un- 
mixing in titanomagnetites from the very initial stage. It 
may also prove valuable for studying the kinetics of un- 
mixing. We believe that further research carried along 
these lines will have petrological as well as palaeomagnetic 
significance as the process of unmixing is undoubtedly very 
common in natural basalts. 

This work is supported by the Natural Environment 
Research Council. We thank Professor K. M. Creer for 
encouragement and Dr A. Stephenson for valuable discus- 
sions, in particular for suggesting the permeabillity mech- 
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is presented in this communication. We thank the Research 
Division of the National Coal Board, Newcastle-upon-Tyne, 
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Humic substances from seawater 


SINcE the first spectroscopic observation of humic substances 
in seawater', it has been presumed that they constitute a 
considerable fraction of the dissolved organic matter in the 
sea?™t, Base-soluble organics were first isolated from seawater 
in 1958 (ref. 5), but the chemical composition and source of these 
materials has remained speculative and controversial?*®~*. We 
here present evidence that humic substances in the Sargasso 
Sea display bulk characteristics which differ from those of 
humics from coastal waters and especially from those of humic 
substances isolated from soils and marine sediments. 

Water from the north-western Sargasso Sea (surface and 
1,500 m), and coastal water off Woods Hole, Massachusetts, 
has been analysed. Batches of seawater (400 | each) were 
acidified (pH 2, HCl) and passed through Amberlite XAD-2 
resin'®, (The resin was cleaned prior to use by batch extraction 
in refluxing benzene until NH,OH, ethanol, and methylene 
chloride concentrated eluents showed no ultraviolet absorption. 
An extraction efficiency of 95.2% was determined when iso- 
lated humic substances were redissolved and adsorbed on 
Amberlite XAD-2 from salt water (pH 2) at 1.7 bed volumes 
per minute.) Salt was eluted with distilled water and humic 
materials were eluted with NH,OH (pH 11.6) and recovered by 
freezé-drying. The hiufmic materials were further fractionated by 
dissolving the fulvic acid (FA) in 0.01N HCl and the humic acid 

e(HA) in NH,OH. Freeze-drying these fractions yielded FA:HA 
ratios of 97:3 (by weight) in Sargasso surface water, 78:22 in 
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i Sargasso deep water, and 85:15 in coastal water. This indicates 
variations in the composition of humic substances in different 
water regimes. 

The elerentil. eae of FA from Sargasso surface 
water is 49.98 9%% C, 6.76% H, 6.40% N, 0.46°% S and 36.40% O 
by difference Coed for ash, 3.4%). The C: H ratio of 7.4 i i 
within the range of terrestrial’! and marine sedimentary? FA, 
but the oxygen content is exceptionally low. The sulfur content 
is lower than that of marine sedimentary FA (ref. 9). 

The ultraviolet absorption of FA from Sargasso surface and 
coastal water increases with decreasing wavelength, without 
prominent features. In general, the absorbance of soil FA 
(ref. 11) is about five times that of FA from coastal water 
and about an order of magnitude greater than the absorbance 
of FA from the Sargasso Sea. The ultraviolet-visual absorption 
ratio for Sargasso FA is higher than for coastal water FA and 
is much greater than reported values for soil"! and sedimentary’ 
FA. This suggests that there are fewer highly conjugated chromo- 
phores in FA which is dissolved in marine waters, especially in 
the Sargasso Sea. 

The NMR spectrum of Sargasso FA (D,O with methanol 
internal standard) shows a predominance of paraffinic methylene 
protons (1.0 to 1.3 parts 1illion—p.p.m.) and protons 
adjacent to functional groups (2.1 to 2.8 p.p.m.), with a minor 
fraction of aromatic protons (7.6 to 7.9 p.p.m.), integration 
gives relative areas of 15:10:1, respectively. 

The 8°C values for Sargasso surface water FA, coastal 

water FA and coastal water HA are — 22.79%, --23.72%, and 
~~ 22.78%, respectively. (PC = [(C/C),ampre/C2C/PC) 
eas — 1] x 1,000, Standard is pe Pee Dee Belemnite.) 
These values are within the range of 8!°C values for marine 
sedimentary FA (ref. 9) and are less negative than those of soil 
FA (—25%, to —27%,) This supports the idea of a marine 
source for the dissolved humic substances. 

An equivalent weight of 473 g/equivalent was calculated for 
Sargasso surface FA after titration of a NaOH solution of this 
material with acid. There was an absence of inflections on the 
main titration curve, which indicates the presence of functional 
groups displaying a wide range of pK , values. 

The molecular weight (MW) distributions of Sargasso and 
coastal water FA (Fig. 1) were determined by elution from 
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Fig. 1 Molecular weight distributions of fulvic acid from the 

surface water of the Sargasso Sea, and coastal water fulvic dcid, 

with molecular weight ranges (given i in exclusion limits of gels). 

Sephadex G-10, G-15 and G-25 gel exclusion limits are approxi- 

mately 700, 1,500 and 5,000, respectively. a, Coastal water: b, * 
Sargasso Sea. 






Sephadex G-10, G-15, and G-25 gels witha 0.05M NH. 
buffer (pH 7.2). The bulk of the material is in the lowe 
fraction (< 700), especially for the Sones j FA. This isu 














































reciromatontaphied fractions in ane Sami 
demonstrate that size fractionation is- not ` 5 
by gel-solute interactions. A rA 
These initial studies show that FA isolated frons sea , water by 
this method, differs from soil and marine sedimentary. FA, and 
indicate a marine origin for the dissolved humic. substances. i 
Further work is in progress on the Sargasso FA mixture. | 
‘This work was supported by a National Science Foundation 
grant, and by the Arthur Vining Davis Foundations. — eas 
Danie. H. STUERMER 
GEORGE R. HARVEY 
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27-day cycle in the rainfall at Los Angeles 


In each of two Los Angeles rain seasons (Table 1) rai 
was concentrated in the first half of arbitrarily chose 
intervals. This suggests the existence of a rainfall 
ponent with a period near 27 d. The phase was rougt 
constant throughout the 5-yr interval from mid-1966 to. 
mid-1971. Usually, however, over the preceding 46 yr 
studied, the phase changed from year to year, only occas- | 
ionally remaining constant for 2 or 3 yr. Figure 1 is a. 


Table 1 Daily rainfall at downtown Los Angeles weather station i 
tabulated for nine successive intervals (A-D) of 27 d starting October S; 
1966 (left side) and August 25, 1967 (right side). 


12345678901 2345678901 234567 123456789012345678901234567 


A Í 
8 B 2 
33 42 C 
D 836 2 
84 j E 30 
e 121 F> 
2 G 0 
20 2 il H 34 0 
I l 


At top of table last digit of each of the 27 d in Seles isg 
column corresponding to that cycle day. In table integer 0 
0.25 in., 1 is 0.25-0.50, 2 is 0.5-1.0, .. . 8 is 3.5-4.0, and 9: 

A blank indicates <0.15 inches. 
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5-d mean positions of East Pacific High for winter of 1973 


Fig. 1 Latitude time plot of 5-d mean position of surface 

East Pacific high pressure cell for winter of 1973. D, J, F, and 

M are abbreviations for the months (December through March). 

The symbol R denotes rainier halves and D drier halves of succes- 

sive 27-d intervals. The upper tick marks indicate days it actually 
rained in Los Angeles. 


graph of the 5-d mean positions, plotted on the third day, 
of the principal centre, or cell of highest pressure of the 
semipermanent East Pacific high pressure cell in the 
region 19 to 50°N and 120 to 165°W for the 1973 winter 
(Los Angeles is at 34°3’N and 118°14°W). On average, 
the cell was more southward during rainier halves and more 
northward during drier halves of the 27-d intervals. The 
oscillation seems to be greater and more regular in winter 
than in other seasons. 

This rainfall cycle might be related to a cyclic latitudinal 
oscillation of the jet stream at west coast longitudes. This 
oscillation might, in turn, cause a cyclic latitudinal oscilla- 
tion of the resident East Pacific high pressure cell. The 
oscillation might then modulate the rainfall. The oscilla- 
tion’s phase would then determine whether Pacific storms 
move inland and eastward across Northern California or 
whether the storms move southwards. The respective posi- 
tions about which the jet stream and Pacific high cell 
oscillate move farther south’ as the rain season progresses 
with greater effects on conditions in Southern California 
(population 1210°) as the season progresses. 

Records of daily precipitation for 1921 to 1971 for Los 
Angeles, Santa Barbara (34°25’N, 119°42’) and San Diego 
(32°43’N, 117°9’W) were obtained from the National Cli- 
matic Center, Asheville, North Carolina. Additional Los 
Angeles Civic Center data from 1900 to 1920 were obtained 
from the Los Angeles office of the National Weather 
Service. The mean annual rainfall for Santa Barbara is 
17.63 inches compared with 14.42 inches for Los Angeles 
(Table 2) and 9.76 inches for San Diego. The lower fre- 
quency part of the power spectrum for each of these cities 
is plotted in Fig. 2. The time series used for each spectrum 
was the cube root of the daily rainfall’*. The entire 
continuous record was used to make each power spectrum 
and the data were also detrended. The Blackman-Tukey 


Table 2 Monthly rainfall, in inches, at downtown Los Angeles 
station, averaged over the years 1921 through 1971. 


January 2.84 July 0.00 
February 2.93 « August 0.03 
March 2.11 September 0.25 
April 1.34 October 0.38 
May 0.22 November 1.56 
June 0.07 December 2.69 
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method’ and the Tukey spectral window were used to 
compute the power spectrum, with 250 lags (equal maximum 
lag number). Twice as many spectral estimates as lags 
were computed®. The spectral estimates are statistically 
correlated in a band but greater resolution is obtained. 
The 80% confidence interval is used as the standard of 
significance’, For the five curves the heights of the peaks 
at 54 d and 27 d (and for the 13.5-d peak in most cases) 
are equal to or larger than the 80% confidence interval 
and are therefore considered to be significant. There is 
a significant peak at almost exactly 27.0 d. The frequency 
for that spectral estimate is 0.037 cycles d° which gives 
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Fig. 2 Power spectra of Southern California rainfall records. 
The five superimposed curves, numbered | to 5 from top to 
bottom, give lower frequency part of power spectral density 
as a function of frequency. The left-side ordinate scale of 0.10 
to 0.80 is for curve 5. The 0.10 level for each curve is shown 
on the right side. Curves 1, 2, and 3 represent, respectively, 
spectra of Santa Barbara, Los Angeles, and San Diego, for the 
interval December 1927 through 1971 and each have 129 degrees 
of freedom. Curves 4 and 5 are spectra for Los Angeles for years 
1936-1971 and 1900-1935, respectively, and each have 105 
degrees of freedom. The vertical bars at very top are 80% and 
95° confidence intervals for curves 1, 2, and 3. Below them are 
confidence intervals for curves 4 and 5. The horizontal bar in 
upper left corner is spectral bandwidth. Arrows a, b, ¢ and d, 
denote peaks at 365, 54, 27 and 13.5 d, respectively. 


1/0.037=27.03 d. The spectra for Los Angeles in curves 
4 and 5 were obtained for time intervals completely in- 
dependent from each other. San Diego is 180 miles to 
the south-east of Santa Barbara. The 27-d and 54-d peaks 
at Santa Barbara meet the very stringent 95% confidence 
interval standard®. Santa Barbara is 80 miles west and 30 
miles north of downtown Los Angeles and is closer to the 
central longitude of the semi-permanent, East Pacific 
high cell. Thus, the storm blocking capability of this cell 
may be more effective at Santa Barbara, producing rela- 
tively larger 27- and 54-d peaks there. This possibility sug- 
gests that the closer the cell’s average longitudinal position 
is to the west coast, the more dominant is the 27-d rain- 
fall cycle. A 

The curves suggest two sets of harmonically related bands. 
The harmonics of “Set A” are separated by 0.009 cycles d`? 


* (fundamental period ~ 108 d). The harmonics of “Set B” 


are separated by 0.012 cycles d° (fundamental 81 d). In 
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neithercase is the fundamental marked by a peak. The 
first apparent peak in Set A is at 54 d and in Set B it is 
at 27 d. The peaks at 27 d and 13.5 d are effectively com- 
mon to both sets. There are no peaks at Set A harmonics at 
0.056 cycles d° and 0.065 cycles d°. Curves 1, 2, and 3 
contain a mixing of both sets. The Los Angeles spectrum 
for 1936-1971, curve 4, is dominated by Set A and that 
for 1900-1935, curve 5, contains more of Set B 
than curve 4. On curve 5 there are indications of contri- 
butions but no peak by the Set B fundamental at 0.012 
cycles d° and by its first harmonic at 0.024 cycles d`. 
These contributions partially fill in regions that are troughs 
at those same locations on curve 4 and seem to shift the 
two nearby peaks to lower frequencies on curve 5. 

The Los Angeles computer tape was used in simulating 
forecasts for the past 50 yr (Table 3). The oscillation of the 
Pacific high cell (Fig. 1) suggests the primacy of the 27-d 
cycle. The other two large significant peaks, at 54 d and 
13.5 d, are related to the 27-d cycle by factors of 2. The 
forecast was simulated by finding the early trend in the 
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Table 3 Results of simulated forecasts using 27-d cycles for each 
of 50 Los Angeles rain seasons ending in approximately mid-summer 
of year shown in column A 


AAA RERUN halher RATNER SHRM beter eit ar epee many Birt rriar 


A B C D E 
1922 1.57 0.96 1.03 306 
1923 0.94 0.89 0.83 348 
1924 1.76 0.77 0.68 35 
1925 0.73 0.90 0.79 349 
1926 2.42 0.93 1.09 337 
1927 1.73 0.93 1.09 337 
1928 0.47 0.92 0.97 362 
1929 0.34 0.87 0.83 347 
1930 0.0N 0.0 0.0 0 
1931 9.90 0.94 0.97 16 
1932 1.12 0.97 0.99 355 
1933 3.73 0.86 0.79 40 
1934 0.01 0.70 0.49 62 
1935 3.12 1.01 0.98 327 
1936 0.16 0.70 0.49 62 
1937 1.31 0.86 0.88 2 
1938 5.68 0.86 0.88 42 
1939 2.11 0.98 1.08 46 
1940 0.07 0.77 0.64 54 
1941 1.27 1.00 1.06 332 
1942 1.22 0.86 0.81 346 
1943 1.16 0.89 1,00 364 
1944 6.64 0.85 0.81 8 
1945 1.49 0.84 0.79 344 
1946 0.47 0.88 0.97 365 
1947 113 0.91 1.01 308 
1948 0.0N 0.0 0.0 0 
1949 1.96 0.95 0.95 21 
1950 0.91 0.90 0.79 349 
1951 2.29 0.85 0.68 65 
1952 1.67 1.00 1.06 332 
1953 0.13 0.92 0.97 362 
1954 0.97 0.77 0.70 53 
1955 1.45 0.91 0.77 350 
1956 9.90 0.84 0.77 4 
1957 3.40 0.84 0.75 37 
1958 1.40 0.87 0.83 347 
1959 0.0 N 0.0 0.0 0 
1960 7,52 0.98 1.08 46 
1961 9.90 0.87 0.87 341 
1962 2.29 0.98 1.03 20 
1963 0.0 N 0.0 0.0 0 
1964 0.44 1.01 0.91 326 
1965 0.59 1.01 0.98 327 
1966 0.27 0.97 0.99 355 
1967 2.11 0.86 0.81 346 
1968 3.50 0.98 1.04 333 
1969 2.54 0.73 0.57 32 
1970 0.10 0.86 1.03 71 
1971 3.95 0.88 0.97 365 


Column B gives rainier-to-drier half ratio for predicted intervals. 
Column C gives same ratio using climat@logy statistics consisting 
of total number of days of rainfall on each calendar date for 1919- 
1973. Column D gives the ratio using statistics of average amount of 
rainfall on each calendar date from 1919-1973. Column E gives 
day of year (1 to 365 or 366) on which each forecast began. 0 in 

column E indicates no forecas: made. 




































27 cycle days (using two 27-d periods) that revealed th 
pattern that might continue. The first day after Septembe 
23 with 20.26 inches of rain or 20.26 inches total in t 
adjacent days was taken as point !. The area in the nex 
27-d period under point 1 (23 to 30 d later) was searc 
for nearby days on at least one of which ther 

inches. If this condition was not met, then a second po 
was searched for. When the day with a repeating patt n 
was found, it was taken as the “centre” day of the 13. 5 
days in a rainier half cycle. Only rain in this half cycle in — 
cycles (to June 30) after the ones used in the trend 
establishment was totalled, and the ratio to rain in the- 
other half cycle was calculated and printed in column B; 
The summation of the rains for the ratio in column B- 
was started on the first day of the first drier half in the | 
cycles to be included. This day was the eighth day after _ 
the centre day of the second 27-d interval used in establish- 
ing the early trend. If there was no more than 0.25 inches. 
on any day between September 24 and December 31, then 
no forecast was made (Next to column B and 0.0. in co 
umn B). In a real-time forecast in the early autumn 
must distinguish and eliminate the very infrequen 
thunderstorms and Sonoras (storms from Baja, Me 
The average for the ratio in column B is 2.40 an 
31 yr, or 67.4%, exhibited a ratio of 1.10 or greater, th 
criterion used for ‘‘success’’. Most forecasts (58. 1%). N 
started (column E) before January 1. 

Climatological rainfall statistics for Los Angeles, based 
1919-1973, were available at UCLA. We have examine 
climatological daily averages and determined the positis 
skill score over climatology from the formula’ (C-S)/(T 
where C is the number of correct forecasts (ratio in colum 
B >1.10), and T is the total number of forecasts made, S 
is the number of those correct forecasts in column B th 
were also correct when the climatology statistics we 
used in column C or D in place of actual rainfall. If w 
take’ 1.05 or above, instead of 1.10, as an indication- 
success in columns C and D, then S=6 for column Dan 
S is still zero for column C. For column C (usir 
the number of rainfall days) the positive skill ov 
climatology is 0.67 and for column D (using rainfall cale: 
dar date averages), it is then 0.63. The average of the tw 
comparisons is 0.65. Using the same method as abov 
real-time forecasts were made for the 1972~73 and 1973-7 
Los Angeles rain seasons and gave, respectively, 3.01 ar 
4.76 times as much rain for the predicted rainier halves. ; 
for the predicted drier halves of the 27-d cycles. The 1973 
74 forecast was monitored by the Los Angeles office of 
the National Weather Service. 

Rainfall may occasionally be scant within an entire 27-d 
interval. This may occur if the 54-d cyclic component ee 
then more effective or if storms are blocked by a strong | 
ridge of high pressure which sometimes forms over thè 
western states and persists for a few weeks. When the 
southern part of the landward extension of the East 
Pacific high is over Los Angeles, as the cell moves north- 
ward during the drier half, the wind direction is from > 
the east since the high circulates in a clockwise sense. 
Then the East Pacific high over Los Angeles can help 
create the Santa Ana wind condition (foehns) and higher 
temperatures from compressional effects as air flows down- 
hill toward the coast. Rain washes pollutants out of the =- 
atmosphere and cold fronts associated with storms do not — 
favour formation of low-temperature inversion layers. For | 
the J972~73 rain season figures obtained from the Los 
Angeles County Air Pollution Control District show that, 
on average, the ozone level was 43.5% higher and the 
nitrogen oxides 11. 3%. higher during the predicted drier 
halves of the five principal! 27-d rainfall cycles. 

Our analysis indicates that the phase of the 27-d cycle i 
usually remains the same for most or all of a particular -= 
rain season, and that the phase changes usually occur be- 
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tween rain seasons. Some very small effects on rainfall are 
associated with both the full moon and new moon which 
occur every 14.7 d (refs 4, 9). This particular lunar phase 
effect would give roughly equal rainfall contributions (14.7 
d apart) to the drier and rainier halves of the Los Angeles 
27-d rain cycle and is probably not related to it. The Sun 
and solar sector structure also produce atmospheric effects”. 
But our studies of the rainfall cycle’s phase indicate that 
it is not simply driven by either solar or lunar processes. 
If the periodicity is of solar or lunar origin, then its phase 
must be determined by another mechanism. 

Just off the northwest coast of the United States, con- 
fluence (narrow, strong jet stream) is associated with the 
Gulf of Alaska surface low surmounting the eastern cell 
of the Pacific high”. These unusual circumstances provide 
very good conditions for high zonal index so storm tracks 
can stay north of Southern California a long time. We 
now consider the possibility that the spectral peaks in 
Fig. 2 arise from resonances of the atmospheric subsystem 
regulating the weather, including the Gulf low and the 
Pacific high, in the Eastern Pacific region at northern 
hemispheric mid-latitudes. The spectra suggest the possi- 
bility that this resonance is excited by time dependent 
processes with energy at frequencies closer to higher har- 
monics than to the fundamental of the subsystem and closer 
to some harmonics than to others. Since atmospheric sys- 
tems are “deformable”, we might expect a somewhat 
different fundamental and a different set of harmonics in 
years when the atmospheric conditions were different. The 
differences in the spectra in curves 4 (1936-1971) and 5 
(1900-1935) may be the result of a long term change in 
the state of the atmosphere. Thus, Conover’, citing work 
by Petterssen’*, states that the global trend of rising 
temperatures diminished after about 1937-1940. He relates 
changes in temperature trends to changes in the mean 
atmospheric state of meridional flow relative to zonal 
circulation. 
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Concentrating solutes with 
membranes containing carriers 


We have developed membranes which can rapidly concentrate 
a specific solute against its concentration gradient. These 
membranes depend on mobile carriers and are examples of 
in vitro systems which exhibit characteristics of biological 
transport. When combined with the ‘liquid surfactant membrane’ 
geometry, they offer a method for wide classes of large scale 
separations. We show here how our specific results provide a 
blueprint for designing additional membrane systems. 

The membranes operating in our laboratories at present are 
summarised in Table 1. These membranes depend on mobile 
carriers which react rapidly and selectively with the solutes 
being transported. Two mechanisms are involved. In the first 
(Fig. 1), the flux of the protons which supply the energy is in 
the opposite direction to the flux of the solute being moved 
against its gradient, resulting in counter-transport!*. The 
second mechanism is analogous to that shown in Fig. |, except 
that both the protons and the solute being separated combine 
with the carrier on the same side of the membrane. As a result, 
the two fluxes are in the same direction, resulting in co-transport. 
Moreover, because all of these membranes are chemically well 
defined, they can be understood on a molecular basis, and the 
diffusion and chemical reaction responsible for their operation 
can therefore be studied in detail’. 

Additional membrane systems can be developed in a straight- 
forward manner. An organic solution containing a complexing 
agent for the relevant solute must be chosen. This solution and 
the complexing agent will become the membrane material and 
the mobile carrier, respectively. The degree of complex forma- 
tion must vary strongly with pH, and both carrier and complex 
must be soluble in the membrane solution but insoluble in 
aqueous acid and base. One then runs two extractions 
sequentially. For example, a solution of 500 parts per‘million 
(p.p.m.) mercuric ion in 2 M Ta and | M HCI is mixed with 
a membrane solution of 109%% trioctylamine in o-xylene. The 
mercuric ion and the TE complex with the amine and 
dissolve in the organic phase. When this organic phase is 
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Fig.1 Counter-transport mechanism involving a mobile carrier. 
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Table 1 Existing membrane systems” 
Transport ; | 
Solute Carrier mechanism Energy Remarks 
Nat, Kt, Lit, Cs* Monensin in octano! counter- HCl into NaOH aul for Nat; strong biological 
| paralle 
Na*, Kt, Lit, Cs* Cholanic acid in octanol counter- HCI inte NaOH Non-selective analogue of above 
a OW E 
i i ree - 
Cu?t @CCH.CCH, in chloroform counter- HCI into NH,OH Works best at 0.01 M Cu?*; selective 
or in carbon tetrachloride for Cu?* over Ni?* and Ce carriers 
poisoned by Fe?* : ve 
0 o 
oCCH, CCF, in xylene counter- HCI into NaOH 
O O 
oCCH,Co i in chloroform 
Zn?” Dithizone in carbon counter- 0.5N HCI into Works best at high dilution 
Pb?t tetrachloride pH 8.5 citrate Selectivity depends on pH difference - - 
Hg+ Trioctylamine in xylene cO- HCI into NaOH Works best at 1,000 p.p.m. with 2 M. 
Na* on both sides a 
Cr Trioctylamine in xylene co- HCI into NaOH Selectivity depends on pH difference 2 
50,7 H.SO, into NaOH a 
CLR Trioctylamine in xylene co- H.C r,O,; into NaOH  Potentialfortreatmeni of plating” eS: 
Tridodecylamine in Co- HSO, into NaOH ee 
hydrocarbon oils i ates 


* All these systems have been checked by double extraction and in a membrane geometry. 


extracted with 500 p.p.m. mercuric ion in 2 M NaCl and 0.3 M 
NaOH, the mercury concentration of the basic solution is 
increased. The two extractions produce a net transfer of 


Step f. 
Carrier C reacts with the 
solute being pumped “t”, 
releasing the energy ~ 
supplying solute 2" 
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Step 3. 
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Step 4. 
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across the membrane. 


Step 5. 
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diffuse back across the 
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The flux of solute "2" 
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Fig. 2 Concentration of chromium against its concentration 
gradient using liquid surfactant membranes. a, In bubbles; * 
A, in bulk solution. 

























material, and therefore this chemical system provides a potential 
separation process. As a thin layer dividing two aqueous. 
solutions, it will function as a membrane capable of concentrating a 
a specific solute. : 

The real interest in these membranes, however, arises when 
they are converted into the geometry of synthetic vesicules or | 
‘liquid surfactant membranes". This geometry consists of small 3 
drops of solution coated with the liquid membrane and sus- 
pended in a solution of different concentration. Because these | 
bubbles have such a large area per volume, diffusion in and out- 
of the bubbles is much faster than is possible with classical- 
membrane geometries. Separation has been achieved on an- 
industrial scale, but the selectivity of these separations was ; 
controlled by solubility differences alone. 

Bubbles coated with membranes containing carriers, like 
those in Table l, have three advantages over those based on 
solubility alone: they can concentrate as well as separate a given 
solute; they have inherently much greater selectivity; and they 
are applicable to a much wider variety of chemical systems. 
These advantages accrue from the specific chemical reactions 
between carrier and solute. Because these reactions include a- 
much wider spectrum of effects than solubilities do, a much. 
greater variety of phenomena are possible. : 

An example of the properties of the bubbles coated with 
membranes containing carriers is shown in Fig. 2. In this 
experiment, 10 ml of 0.1 M NaOH was prepared. The membranes 
were made of light mineral oil containing 4 weight % trioctyl- 
amine and | weight °% sorbitol monooleate. These bubbles were 
pies antes stirring, to 100 my oon containing ads p: m. 


bubbles rose from an initial he of zero, past the concentration 
in the bulk solution, to a value of 900 p.p.m. after 4 min, and 
the chromium concentration in the bulk solution decreased 
correspondingly. The very rapid uptake with very little amine 
provides an intriguing alternative to conventional ion exchange. 

We have shown here how the membrane mechanisms postu- 
lated® in biology can be generalised to produce a variety of 
chemically well defined analogues to living membranes, | 
Although we have reported only data for inorganic ions, these 
principles can be extended to other solutes, including anti-. 
biotics, detergents, and amino acids. When these transport. . 
systems are used in conjunction with the technology developed 
for liquid surfactant membranes, separations of considerable 








-practical potential are obtained. 
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Removal of ozone from the 
atmosphere by soil and vegetation 


Ozone is the principal constituent of the photochemical 
smog that plagues many cities in the United States. Pro- 
duced by the action of sunlight on the hydrocarbons and 
oxides of nitrogen emitted by vehicles and industry, con- 
centrations of ozone greater than 25x10" molecules cm=? 
(1 x10" molecules cm™* =0.4 parts per hundred million 
= 8 wg m`’), used as evidence of photochemical smog’, 
have been observed in Los Angeles for more than two 
decades’. Because of lower air temperatures, less sunshine 
and fewer vehicles, photochemical pollution was considered 
unlikely to occur in Western Europe but concentrations 
indicative of photochemical smog have now been reported 
from Germany’, the Netherlands*’ and southern England®’ 
on calm, sunny days. High concentrations of ozone cause 
respiratory difficulties in humans" and damage many plants? 
including crops’’. 

The Earth's surface acts as a sink for ozone produced 
in the upper atmosphere’. The rate of removal of ozone 
varies with the surface: water, snow, grass, and a juniper 
bush remove it increasingly quickly’, Since soil bare 
of vegetation also removes ozone from the atmosphere at 
rates similar to those previously observed over land™, the 
role of vegetation is not clear. Laboratory studies with 
individual plants have indicated that vegetation removes 
ozone from the air when the stomata are open” ", 

We have examined the role of vegetation and soil as sinks 
for atmospheric ozone in the field. For this we constructed 
a mathematical simulator of ozone removal by vegetation 
and soil. In the laboratory, the rate at which bean plants 
removed ozone from the air corresponded to a resistance 
to ozone removal about the same as that encountered by 
water leaving the leaves through the stomatal pores™. After 
taking into account the different rates of diffusion of water 
vapour and ozone, we obtained similar results for young 
maize plants. The resistances to ozone removal and®eva- 
poration were 271 and 270 s cm™ respectively in the dark 
and only 3 and 4 s cm” respectively in the light. This 
similarity of resistance to ozone removal and transpiration 
of water implies that at the cell walls beneath the stomata, 
where the air is saturated with water, the concentration of 
ozone must be essentially zero. Thus ventilation and 
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stomata alone control ozone removal by a leaf. This infer- 
ence has suggested that simulators of evaporation can be 
modified to calculate the ozone removal by vegetation”. 

Our simulator of ozone removal is based on a simulator 
of evaporation’’**. The salient features of the simulator of 
evaporation are its conception of evaporation as an energy 
exchange process, the predominance of vertical exchange 
between the canopy and air above over horizontal exchange, 
the division of the canopy of leaves into strata, the use of 
stomatal and atmospheric resistances to evaporation, and 
the use of boundary conditions of temperature and humidity 
above and below the leaf canopy. The exchange of ozone 
can be compared with the flow of a direct electrical current 
through a series of resistances. This clarifies the concept 
of exchange and simplifies the algebra. The maize canopy 
may be depicted with eight strata of leaves and a basal 
stratum of stems. 

The flux of ozone into each stratum of leaves or into the 
sou is opposed by vertical resistances to exchange from 
one stratum to the next, and within each stratum the ex- 
change is opposed by the resistances of the boundary layer 
and stomata. The vertical transfer resistances and boundary 
layer resistances are the same as encountered by sensible 
heat or vapour transfer, and the stomatal resistance only 
needs to be modified for the different rates of diffusion of 
ozone and water vapour. Using the rules of electrical cur- 
rents, as shown elsewhere'*~*”’, we can relate the products 
of the fluxes of ozone into the leaves and soil, and the 
resistance to these fluxes to the differences in concentra- 
tion of ozone at the canopy top and near the ground. Thus, 
the simulator enables us to calculate the ozone removal by 
soil and vegetation from the concentration of ozone at the 
top and bottom of the canopy if we know the vertical 
transfer resistances, the resistances to removal by the 
stomata and leaf boundary layer, and the leaf area dis- 
tribution. 

We first calculated the evaporation from measurements 
of temperature and humidity above a canopy of known leaf 
area per stratum, the temperature and humidity near the 
ground, the radiation absorbed by the canopy, the stomatal 
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Fig. I Relation between ozone concentration and loga- 
rithm of height within and above a maize field. The con- 
centration is presented as a percentage of that at 350 cm: 
Hi x 10" mol em? in 197f and 31 x 10% mol cm? in 
1972. The dashed line indicates the height of the maize and 
the bars denote twice the standard error of the mean of 
four observations in 1971 and eight observations in 1972. 
Ozone concentrations were measured with a model 724-2 
Mast (Mast Development Company, Davenport, Iowa) 
ozone meter fitted with a trap for sulphur dioxide. The 
meter was suspended from a vertical tower, so that it could 
be rapidly moved “etween pre-set heights from 2.5 to 
350 cm above the soil, Each observation at a particular 
height was quickly compared with the concentration at 
350 cm. Concentrations at seven heights were usually 
measured during a 20 to 30 min sampling period. 
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Table 1 Calculated removal of ozone by maize and soil 

August 9, 1971 


Time (est.) a T 
1330- 1415—- 1500- 1630- 1730- 1500- 1530- 1630- 1715- 1740- | 
1415 1500 1530 1730 1830 1530 1555 1650.. 1740 1800 
Ozone concentration” 
(x 10" molecules cm~*) 9 9 11 12 10 31 34 36 
Stomatal resistancet (s cm?) 4 4 6 12 25 4 4 7 
Ozone removal ( x 10%! molecules cm ~? 57?) 
(a) Foliage 8 7 5 4 2 2 24 16 
(b) Soil (crop present) 6 6 6 8 4 7 8 8 
(c) Total 14 13 12 {2 6 34 32 24 19 
(d) Bare soilt 8 8 10 18 li 1} 1} 13 ti 
Soil and air layer§ resistance (s cm~?) 0.5 0.5 0.8 0.6 | 4 3 3 5 


* At canopy top. 

+ Mean of two leaves per stratum for all strata. 
t Assuming no crop present. 

§ Layer 2.5 cm thick abeve soil. 


and boundary layer resistances within each stratum and the 
vertical diffusivities within the canopy. We then compared 
the evaporation calculated by the simulator with actual 
observations of evaporation from a portion of the crop 
growing in a pair of weighing lysimeters. 

Our test site was a 1 hectare field of a cultivar of Zea 
mays at the Lockwood Farm, Hamden, Connecticut. The 
maize was planted in mid-May to give a final population 
of 75,000 or 93,000 plants per hectare and a leaf area 
index (LAI) of 4.3 and 3.0 in 1971 and 1972 respectively. 
On Augst 9, 1971 and August 22, 1972, both clear sunny 
days with abundant ozone throughout the afternoon, the 
ozone concentration, net radiation, temperature, humidity, 
ventilation, stomatal resistance and evaporation were mea- 
sured between 1330h and 1930h Eastern Standard Time 
(EST). 

August 9, 1971 was slightly warmer and drier than 
August 22, 1972, and the combination of days and diurnal 
changes provided a range of weather conditions. The 
concentration of ozone varied markedly between the two 
days but not during a particular sampling period. The mean 
ozone concentration at 350 cm was 11X10" molecules 
em in 1971 compared with 31X10" molecules cm~’ in 
1972; the decrease in concentration of ozone with height 
(Fig. 1) indicated that ozone was diffusing downwards into 
the canopy and soil. The comparison of evaporation from 
the lysimeters with that calculated from our observations 
of weather and plant factors for a range of conditions 
(Fig. 2; data obtainable from authors) showed that our 
estimates were realistic. We hed to adopt the same rules 
as in ref. 24 to calculate the vertical resistances within the 
canopy and avoid impossibly rapid evaporation from the 
soil. 

Assured that the vertical, boundary and stomatal resist- 
ances to vapour exchange in the different strata were 
realistic, we used them in the simulator of ozone removal. 
The simulated profiles of ozone concentration within the 
leaf canopies were then compared with the actual profiles 
measured in the field (Fig. 3). The good agreement gave 
us confidence in the simulator of ozone removal. 

The calculated removal of ozone by the foliage plus soil 
at five times in both 1971 and 1972 is shown in Table 1. 
The calculated removal by the foliage was markedly 
affected both by the ozone concentration and by the aper- 
ture of the stomata. The flux of ozone into the soil beneath 
the maize was similar to that measufed earlier over bare 
soil on several days when the ozone concentration was 
about 12 10'' molecules cm~’. a 

We also calculated the removal of ozone by bare soil 
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Fig. 2 Comparison of calculated and measured evaporá- 
tion. To calculate evaporation, the net radiation above the 
crop was measured continuously with a Beckman and 
Whitley (San Carlos, California, Model 188-01) net radio- 
meter. The coefficient of extinction of net radiation within 
the canopy was calculated from the leaf area and the 
logarithm of net radiation measured at five heights within a 
the canopy with a portable net radiometer (Thornthwaite, =o 
Centerton, New Jersey, Model MNR540). The temperature ¢ a 
and humidity at the canopy top (225 cm in 1971 and =œ | 
200 cm in 1972) and at 10 cm above the soil were measured: 
with a ventilated wet*bulb pvsychrometer (Bendix, Friez_ 
Instrument Division, Baltimore, Maryland, Model 566-2). 
The temperature, humidity, and net radiation within the 
canopy were measured near the beginning and end of 
each period. The horizontal wind was observed at four 
heights above and one height within the canopy with sen- 
sitive cup anemometers (Casella, London, Model T16112), 
and the mean windspeeds for the sampling period were then 
used to calculate the vertical transport coefficient, or diffusi- 
tivéty, at the canopy top. During each sampling period, the 
stomatal resistances of the upper and lower leaf surfaces 
of two leaves per stratum were measured with a ventilated — 
diffusion porometer”. The resistances were measured on. 
two plants growing im one of a pair of lysimeters®* that 
measured the evaporation during each period. The lysimeter, 
ozone meter, and micrometeorological towers were approxi- 
mately 7 m from the northerly edge and 150 m from the 
southwestern, leading edge of the field. 








j same concentrations oÈ one ‘Hut assuming that the Bit, Soin 


Opy was not present. For this we used vertical resist- 

neces appropriate to bare soil’*. The calculated removal of 
ozone by the soil had the crop been absent varied from 
~11 to 17 X10" molecules cm™* s~ (Table 1). By difference, 
the additional removal of ozone by the foliage over that 
‘removed by bare soil was 0 to 23x10" molecules cm~? s~’. 
Thus, even this more conservative estimate of the contri- 
bution of the foliage indicated that the crop increased the 
-removal of ozone from the atmosphere while the stomata 
‘were open, but the decrease in ventilation by the crop 
decreased the flux of ozone into the soil and hence de- 
creased the net impact of the crop. On the two occasions 
-on August, 9 1971 when the calculation implied that the 
removal by bare soil would have been greater than by the 
~- crop and soil together, the stomata were closed, thus the 
-folage was removing little ozone, but it was slowing the 
ventilation and thereby slowing the removal of ozone by 
-the soil. 
The combined resistance of the soil and 2.5 cm air layer 
above it varied from 0.5 to 5 s cm™' (Table 1), and was 
similar to the 2 s cm" observed previously’. Since the re- 
sistance of soil increases with moisture’, the variation 
in the resistance from 1971 to 1972 may simply reflect the 
greater amount of water in the soil in 1972. During the 
-7 d before measurement the rainfall was 3.5 mm in 1971 
compared with 23.9 mm in 1972. Alternatively the differ- 
ences may also reflect our inability to specify accurately the 
_ diffusivity in the air near the ground”. 
- = The calculations of ozone removal by the soil and maize 
vare, however, reasonable, and clearly indicate that both soil 
and vegetation removed ozone when the stomata were 
open. It is known that in some species ozone closes the 
-stomata*’**, but our measurement of stomatal resistance 
were similar to those we had reported previously for 
maize™*’, indicating that the maize stomata were not closed 
| by ‘the ozone. Clearly, however, closure of stomata or leaf 
“injury by ozone will reduce the removal of ozone by vegeta- 
tion. 

Finally we determined whether a forest also cleanses 
ozone from the air. We chose a mixed hardwood and 
coniferous forest where the trees were about 25 m tall and 
had a leaf area index of about 3. We measured the con- 
centration of ozone with a portable meter at a height of 
0.3 m over a nearby lake and at seven stations within the 
forest along a 150 m line parallel to the prevailing south- 
west wind. Since the ozone concentration was similar all 

over the lake, only one station was established over the 



























lake, 1 m from the shore. The meter was then moved 
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i Fig. 3 Simulated (--~-) and observed (W, @) concentrations 
_ of ozone in and above a maize field. The simulated profiles 
are extrapolated (— —) above the canopy and below 10 cm. 
The leaf area index (LAD of each stratum is also shown. 
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Fig. 4 Ozone concentrations measured at various distances 

from the shore of a lake into a forest. Concentrations are 

related to the 30x 10° molecules cm™* at the shore. The 

bars denote twice the standard error of the mean of five 

observations between 1330 and 1850 h EST on August 23. 
1972. 


quickly between the stations, and the concentration ob- 
served for 1 to 2 min at each station. The decrease of 
ozone at stations within the forest (Fig. 4) indicated that 
the forest was removing ozone from the atmosphere, even 
when observation were made in the direction of the 
450 cm s™ wind. | 
Soil is a major sink for the carbon monoxide” 
and vegetation is an important sink for the sulphur 
dioxide” emitted into the atmosphere by man’s activity. 
Since ozone is not emitted directly into the atmos- 
phere, but is generated from other pollutants, a knowledge 
of its production in the atmosphere is required for a similar 
evaluation to be made for ozone. Recent estimates’’”’ indi- 
cate an ozone production rate of nearly 10x 10" molecules 
cm“? s~' in the lowest 2 km of the atmosphere. Clearly, a 
rate of removal or destruction of ozone of 6x 10-34 x 10" 
molecules cm~? s~' by soil and vegetation together could 
account fully for this estimated rate of production, and 
indicates that the soil and vegetation represent primary 
sinks for photochemically produced ozone. 
We thank Timothy D. Buckelew, James E. Farrell, L. 
Earl Gray, Harley Tomlinson, Philip F. Tomlinson and 
Kathryn Woglom for assistance with the data collection. 
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How sea snakes may avoid the bends 


MARINE snakes and turtles are probably the deepest diving 
reptiles. Sea snakes dive to maximum depths of at least 40 m 
with air in the lung’. Pressure at this depth potentially produces 
the formation of N, bubbles in the blood and other tissues dur- 
ing decompression, yet sea snakes ascend to the surface rapidly 
and do not seem to be affected by caisson disease. Here | 
show that N, concentrations in the blood and tissues may 
remain much lower than that in the pulmonary blood because 
of a large venous shunt and a low but significant permeability of 
the skin to dissolved gas. 

When a snake dives, the pressure in the lung increases, 
causing N; to move into the blood and from there into the 
tissues, tending toward equilibrium with pulmonary N4. 
Because the N, concentration in seawater varies insignificantly 
with depth, diving creates a N, gradient between the blood and 
the seawater, and N, is lost at a rate dependent on the magnitude 
of this gradient and the resistance to diffusion through the skin. 
N, increases in the blood and tissues until the rate of gain from 
the lung equals the rate of loss through the skin. The N, content 
of the blood when equilibrium is reached is the maxi- 
mum value that will occur at any particular depth. This value 
may be roughly estimated from the N, pressure in the lung, the 
diffusion coefficient of the skin, the cardiac output, and the 
degree of shunting of venous blood past the lung. 

Because of the incompletely divided ventricle, shunting of 
venous blood from the right atrium to the systemic circuit 
(right to left shunt) may occur. Right to left shunting may also 
occur, in effect, if the blood in the pulmonary circuit does not 
fully equilibrate with the lung gas. For this discussion, it does 
not matter where right to left shunting occurs, in the heart or 
the lung. It is useful only to partition the systemic outflow 
into two fractions: one with the gas concentration equal to the 
venous return (that is, the shunted blood) and one having a gas 
concentration equal to that in the lung (that is, the effective 
pulmonary flow). ° 

The net N, flow from the lung in ml min"! (V; ) depends on 
the effective pulmonary blood flow in ml min™ (Q,) and the 
difference in N, concentration in ml mi between the blood 
functionally entering the lung (C .y) and leaving it (Cy). 
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= OCC ®) (1) 
i he Ng loss from the surfaces of the snake ( v, a) may be con- 
sidered to depend on the diffusion coefficient D, and the gradient. 
between the blood (C.a) and the seawater. For this discussion, 
D is defined as the rate of gas movement through the entire gas 
permeable surface of a snake in response to a gradient of 1 
atmosphere absolute (ATA) between the seawater and the — 
arterial blood (ml min? ATA). Thus D varies with the 
size of the snake. This simplification permits conversion of the 
observed rate of extrapulmonary O, uptake to an estimate of N, 
diffusion out. A N, content (STPD) of | ml ml? in blood is 
equivalent to a N, pressure of about 70 ATA at 30° C (ref. 2) 
and the N, pressure in seawater is about 0.78 ATA. 





V: = DUOC... — 0.78) (2) 
At equilibrium Vi an V. 
Ov (Civ ~ Cy) = DWOC,, ~ 0.78) (3) 


The N, concentration in the venous systemic blood (Cs) is © 


related to the systemic cardiac output (Òa), the rate of N; loss | 
(V), and the concentration in the arterial systemic blood... 
(Csa). Any heterogeneity in C.a due to unequal distribution of | 
shunted blood to the left and right aortic arches is ignored but, 
as will become evident, this does not greatly affect the results. 


Ciy = Coa ~ (VIJO (4) 
Substituting (2) into (4) 

Cw = Crs — [DOC,, — 0.780, (5) 
a (5) into (3) and solving for C xa 


Eee - (0. 78 DO, - Q py 0.0 LC iv)/ | 
CODO, — OD + 0:0) © 


At equilibrium C.a is maximal and is the ee N; concen- © 
tration in the blood except in the pulmonary vein. The internal 
tissues may eventually equilibrate with the arterial blood so — 
C.a iS important in determining the potential for N, bubble 
formation. Although C,, may be much greater than C,,, the - 
small amount of N, in the pulmonary vein may be quickly 
diluted in the systemic circuit during decompression. Csa 
increases with higher Q, or lower D. If there is no Ng loss 
(D == 0) or if no shunting occurs (Q. = Q,), the N; pressure 
in the blood and tissues approaches that in the lung (C.a = 
Ciy). 

It is possible to estimate equilibrium C,, in a hypothetical 
100 g sea snake diving to various depths (Fig. 1). Systemic ~ 
cardiac output (Q,), estimated with the Fick principle from the ` 
arterial-venous O, difference of Hydrophis belcheri during 
spontaneous diving (R.S.S8., and M, E. D. Webster, unpublished) — 
and the rates of pulmonary and extrapulmonary O; uptake ofa ~ 
100 g Pelamis platurus®, is assumed to be constant at 6 ml min”. 
The rate of cutaneous O, uptake is related directly to the O, 
gradient across the skin of Pelamis platurus (J. B. Graham, 
unpublished) and Pseudemys scripta which indicates that gas 
exchange is limited by diffusion rather than blood flow. At. 
30° C the O, uptake through the skin of Pelamis platurus is 
about 0.13 ml min? with an O, gradient of one ATA (ref. 3). 
Because N, diffuses through tissue at about 55°% of the rate of 
O, (ref. 5), the N, diffusion coefficient (D) becomes 0.07 ml min”! 
ATA™. Assuming | ml of blood holds 0.014 ml N, ATA? 
(ref. 2), Cay is calculated from the pulmonary N, pressure at 
depth. As not all of the O, absorbed from the lung is replaced 
by CO,, N, accounts for about 95°94 of the lung volume after 
long breath holding (R. S. S., and M. E. D. Webster, un- 
published). 

The overall venous contribution to systemic cardiac output 
has heen estimated to average 66°, of the total in two sea snake 
species; about 80°% of the blood in the left aortic arch and 50% 
of that in the right arch effectively bypasses the lung (R. S. S., 
and M. E. D. Webster, unpublished). If the blood N, threshold 
for bubble formation for cats (3.3 ATA at sea level)® applies 
in sea snakes, decompression sickness cannot occur at depths 
less than about 50 m (Fig. 1). If no shunting occurred, the 
critical limit in the arterial blood would be reached at only 25 m, 

















1G ml blood) 


C atmi Ny: 





0 50 [00 30 
Depth (n 


Fig. 1 Maximum blood N, concentration (Csa) in a hypo- 
thetical 100 g sea snake when the rate of N, gain from the lung 
equals the rate of loss to the seawater at various depths. The 
effective shunting of venous blood past the lung is indicated as the 
fraction of systemic cardiac output.— —— -— Near the threshold 
for N, bubble formation in the blood of cats at sea level. 


a depth which produces caisson disease in humans following 
repeated breath-hold dives’. Lung volumes in diving Pelamis 
platurus (~ 9.5% of the body volume)® and green turtles, 
Chelonia mydas, (~ 12% (ref. 9)) indicate that enough N, is 
available to saturate the tissues to dangerous levels. Equilibrium 
C:a may never be reached, however, if voluntary dives are 
terminated before enough N, can be removed from the lung. 
Right to left shunting and cutaneous N, loss nevertheless 
decrease the risk of bubble formation during repeated or deep 
diving. 

Because some degree of shunting may occur in other reptiles, 
it seems that sea snakes were preadapted for avoiding caisson 
disease when they invaded the ocean. Right to left shunting 
seems to be higher in sea snakes than in other reptiles breathing 
normally (R. S. S., and M. E. D. Webster, unpublished). Most 
reptiles show little or no intraventricular shunting when O, 
remains in the lung!®. It is perhaps significant that all other 
measurements come from terrestrial or fresh water species 
which would not normally encounter great depths. Shunting 
should be measured in marine turtles which may dive to 290 m 
(ref. 11). Cutaneous gas exchange has been demonstrated in 
several species of turtles’. Berkson'? observed that the arterial 
N, concentration in Chelonia mydas stabilises at values which 
are considerably less than those predicted by the pulmonary 
N, concentration at various ambient pressures. This occurred at 
pressures less than that required to compress the pulmonary 
gas into the rigid nonabsorptive air passages. Berkson suggested 
that shunting might account for this but did not consider 
Cutaneous N, loss. 

The mechanism described here may not be the only adapta- 
tion of sea snakes for avoiding caisson disease. It is possible 
that the poorly vascularised saccular portion of the lung 
limits N, absorption in the manner proposed for the tracheal 
and bronchial dead spaces in diving turtles'? and mammals!?. 
If this occurs in sea snakes, however, O, uptake would “neces- 
sarily be inhibited and one would wonder why they dive with a 
considerable amount of air in the lung. Moreover, horizontal or 
vertical swimming might be difficult? if the gas were retained 
only in the posterior saccular portion of the lung. 

This report resulted fromthe Ashmore Reefs expedition of the 
R/V Alpha Helix supported by the National Science Foundation 
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On Allen’s suggestion for long-distance 
translocation in phloem of plants 


N. S. ALLEN has made a film of the streaming of cytoplasm in 
Nitella, in which she used laser light through chloroplast-free 
‘windows’ in the walls of the giant alga cell to take a cine film 
under Nomarski optics. This film shows that the cytoplasm, 
which seems to flow steadily and spirally along the axis of the 
cell, contains undulating filaments that apparently provide the 
motive force for streaming. It is postulated’ that endoplasmic 
filaments undulate in a sinusoidal fashion and thereby drive 
the cytoplasm. There is some supporting evidence that these 
filaments are branches originating from microfilament bundles 
which in turn are normally anchored and parallel to the fixed 
chloroplast rows. The waves passing along the semi-free micro- 
filament branches cause them to act somewhat like beating 
flagella in other organisms. 

Allen has suggested that some similar systems may be 
operating in sieve tubes in the phloem of plants. Two possible 
ways in which this might occur are given in Fig. 1. In Fig. la 
the microfilament material (m.f.m.) is shown attached to the 
plasma membrane and lateral walls of the sieve tubes. The 
swishing of these microfilaments would presumably continue 
through the sieve tube pores in sieve plates. In Fig. Ib (closer to 
the Allen proposal for Nitella) some fibrils persist as axial 
bundles from plate to plate, through the pores and lumina, 
though some may be anchored to the plates near the pores. 
Attached to these by one end only are loose branches of micro- 
filaments which, it is postulated, can swish sinusoidally and 
hence propel sucrose solution linearly along channels through 
the lumen and sieve plate pores. We have carefully considered 
these suggestions in the light of the cine film study of D. R. Lee, 
D. S. F., and J. W. Costeron. Either model should produce an 
apparent mass flow with the profile of an activated diffusion’, 
but model b fits more closely the evidence of the cine film study. 
Neither model will, however, account for a bimodal type of 
translocation whereby small pulses of sucrose precede the mass 
flow mode, We therefore propose a slight modification of 
Allen's hypothesis shown in Fig. 2, whereby the axial fibrils are 
thought to have flagella-like branches, but also to have hollow 
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Fig. 1 Sieve tube and plate illustrating mass flow activated 
by swishing microfilament material (m.f.m.) attached a, to the 
sieve tube walls; b, to axial fibrils. 


centres so that a small amount of sucrose can be moved ahead 
of the mass flow by a kind of microperistaltic movement. Such 
a model overcomes a difficulty in the proposals of D. S. F. 
whereby many parallel bundles 20-60 nm diameter would be 
required to operate in phase and in parallel through sieve plate 
pores. This new model agrees much more closely with the 
électron micrographs of Robidoux et alè and also with the 
freeze-etching work of Johnson®. It does require the existence 
of some transcellular material which an increasing number of 
investigators now believe to exist. But this axially oriented 
material could not be in the form of membrane-bound tubules 
of 5-0.5 um in diameter, at least in Heracleum, for these would 
be clearly visible in living sieve tubes using Nomarski optics nor 
would a mass flow mode then be possible’. 

The reasonable nature of these proposals can be demon- 
strated when Allen's hypothesis? is applied to calculate the 
probable order of magnitude of the energy dissipation in sieve 
tubes of Heracleum. We assume that the motive force causing 
flow operates throughout the length of the sieve tubes, that is, 
along the channels in the lumina and across the sieve-plate 
pores and we can write! the expression for the propulsive force 
per wavelength of a single filament as 


F; aei anh? Viel Cn-Cyy/A 


107* cm s™ 
(ref. 5); b is the amplitude of the vibration, about 2.3 x 107% cm; 
à is the wavelength, about 1.1 x 10 cm 

The parameters b and À are not based on Heracleum, for good 
micrographs by freeze-etching technique are not yet available 
for this plant. But Johnson? has published electron micrographs 
of the sieve elements of Nymphoides using freeze-etching tech- 
niques. One of these (his Fig. 2) seems to show wave-like struc- 
tures of repeating pattern suggestive of helical forms. Johnson 
has interpreted these as filaments, for they are more regular in 
pattern than the ramifications left between ice crystals and they 
appear as an array of dots. Tentatively assuming that these 
waveforms are the vestiges of filaments apd that the pattern in 
Nymphoides would be reasonably similar to that in Heracleum, 
we have obtained the mean measurements given above. 


where Fm is the measured velocity, about 3 x 


Cy and Cy are the surface coefficients of resistance acting,’ 


respectively, normal and parallel to the axis of the tube. The 










values of Cx and Cy for small fibrils can be calculated from he 
equations 
Cr = 2Cy and Cy = 2r v/(0.5+In(/A)) 
where v, the viscosity, is taken as 2x 107? poise (20% suc 
at 20° C) and r the radius of the filaments is taken as 5 x 107 
(ref. 5). The numerical values of Cy and Cy are then 0. “6-08 
0.13 poise, ee 
Hence Fp = 1.7* 107* dyne per Westie Se The energy ; 
dissipation for mass flow will be Fp x Vm = 0.5 x 10 erg pers 
per wavelength in a single filament. But in one sieve tube there 
are between 5x 10 and 5x 10? filaments in the cross section? 
and 6.7 x 10' wavelengths per cm of filament. Hence inl emof o — 
sieve tube the energy dissipation would be expected to be inthe 
range 1.7 to 0.17 erg s~. These values are more conveniently = 
expressed in terms of the rate of consumption of sucrose. For 
this we assume the number of individual sieve tubes per cm? of ee 
sieve tube cross section to be 3 x 10° (ref. 5) and take a value of © 
410° calorie per g of sucrose metabolised. Hence, for mass- 
flow alone, the expected rate lies between 1.1 x 107?) and © 
1.11073 g sucrose hœ cm~? which corresponds | to on 
1/9,000 to 1/90,000 of the sucrose carried by specific 
transfer, based on sieve tube cross section alone. : 
Of course, allowance must be made for the pulse flow me 
which seems also to be present. If such a pulse flow travelle by 
a microperistaltic process as suggested by D. S. F., then the 
number of transcellular fibrils conducting by this mode | 
only be perhaps 1/20 of the number previously calculated? wh 
it was envisaged that all the fibrils were potentially tubular in 
natúre. In other words, we can consider that any one axia 
tubular fibril complex has at least 20 swishing filament tail unit 
operating around it. Thus the sucrose consumption by 
mode, and additional to that required for mass flow, woul 
about 2.3 x 1073 g h cm™*. 5 
Hence we conclude that the mechanisms operating eithe by 
undulating filaments alone or by filaments accompanying 
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Fig. 2 Diagram of sieve tube and plate illustrating a bimoda 

system (‘activated’ mass flow + pulsatory flow) in which. the 

m.f.m. are anchored to axial fibrillar bundles capable of micr 

peristaltic action. a, Sieve tube; b, individual axial fibril with — 

attached filaments (m.f.m. helices with branches in sinusoidal 
movement anchored to axial bundle). 
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microperistaltic moiety in the supporting fibrils are both ener- 
getically feasible and seem to be at least an order of magnitude 
lower than one using microperistalsis in 60-nm diameter 
tubules alone. 

The strength of Allen’s suggestion to us is that it provides a 
motive force through the lumen and sieve plate which assists 
rather than impedes flow past filamentous material, without 
invoking large membrane-bound tubules for which there is 
much less evidence than for transcellular fibrils or bundles of 
filaments. We hope that other workers in the field will be alerted 
to see whether further experimental evidence can be found to 
support it in other plants or to test it. Meanwhile it could be a 
very important concept in unravelling the problem of the 
mechanism of long distance sugar translocation in plants. 

D. S. FENSOM 
E. J. WILLIAMS 
Department of Physics, 
University of Edinburgh, 
Edinburgh, UK 
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Effect of vasopressin on the 
isolated human collecting duct 


THe study of human kidney function has been largely 
indirect, based on clearance studies and interpretation of 
data from more direct approaches on other animal species. 
Extrapolation from one species to another, however, is not 
always justified and the need for accurate information on 
human kidney function is still great. Obviously, several 
ethical and practical factors severely limit the use of direct 
studies (such as micropuncture) on the human kidney. 

If some portion of an intact human kidney was isolated 
in vitro, however, renal tubular transport could be studied 
directly. We have had the opportunity to carry out such a 
study which has involved isolation and microperfusion of 
human kidney tubules. 

The kidney was from a male foetus 5.5 months old, which 
was aborted through hysterotomy. The indication for 
abortion was a D^: trisomy’ as diagnosed by karyotype 
analysis of cultured amniotic cells. The congenital defects 
included agenesis of olfactory lobes, pulmonary artery 
stenosis, ventricular septal defects and a single umbilical 
artery. The kidneys appeared normal in all respects. 

The experimental procedure for the renal study was as 
follows. After removal of the left kidney, one slice was cut 
and immersed in chilled Ringer’s solution. The slice was 
teased with small forceps and needles under a dissecting 
microscope’. The tubules in the cortex were hard to separate. 
Eventually, a few fragments could be isolated from the 
medullary region and were identified as collecting ducts. 
One of them, after transfer to a special incubation chamber 
was successfully pump perfused usjng techniques previously 
described’. The bathing solution was a Ringer bicarbonate 
buffer with 5.5 mM glucose pH 7.4, gassed with a mixture 
of 95% O: and 5% CO: (ref. 2). The luminal fluid was a 
phosphate buffer containing 60 mM NaCl (125 mOsmol 
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kg~' water), to which ‘*I-iothalamate was added as a volume 
marker’. This enabled accurate computation of the perfusion 
rate. Osmotic water permeability was calculated as previously 
described’. Perfusion was initiated within 90 min after 
hysterotomy. The jength of the tubule exposed to the bathing 
medium was 400 um. 

The osmotic water permeability after 80 min incubation 
was 2.48 wl cm™ osmol™' puni. After the addition of 
vasopressin (2.13 mU ml’) to the medium bathing the 
tubule it rose to 11.98 al cm * osmol t mint. The values 
are of the same order of magnitude as those found in the 
isolated collecting tubule of the rabbit in the presence and 
absence of vasopressin’. The data are not strictly comparable, 
however, as the rabbit collecting tubules were obtained 
from the cortex and the nephron segment in the present 
study is from the medulla. 

During the first hour of perfusion, the epithelial cells 
appeared cuboidal with barely visible intercellular spaces. 
The outer diameter of the tubule was 43 um and the inner 
diameter 21 um. After the addition of vasopressin, striking 
morphological changes occurred. These included cell swell- 
ing, vacuolisation and conspicuous dilatation of intercellular 
spaces (Fig. 1). These changes accompanied the increase in 
osmotic water permeability and indicated that outward net 
water movement occurs through intercellular channels as 
well as through the cell membranes. The structural changes 
are quite similar to those previously found in the isolated 
rabbit collecting tubule’. 

Additional experiments are needed to substantiate the 
results of the present study. Nevertheless, our first data 





Fig. I 


Micrograph of living perfused human collecting 
duct. Focal plane at the central axis on the right and at 
apical surface of the cells on the left. a, Before vasopressin: 
b, after vasopressin {x 520). 
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suggest that. in man the collecting tubule receptors for 


vasopressin are well developed during prenatal life. It is 
likely therefore that the failure of the infant to excrete a 
concentrated urine cannot be attributed to a lack of end- 
organ responsiveness to antidiuretic hormone, as previously 
proposed’, 

The inadequate renal concentrating ability in the newborn 
presumably reflects a poorly developed osmotic gradient in 
the medulla. 

The present study provides the first reported evidence that 
the function of the human nephron can be directly evaluated 
with the help of in vitro microperfusion techniques. Further 
work with similar material or with fresh, undamaged 
portions of surgically removed kidneys will be required to 
gain direct insight into renal tubular transport mechanisms 
in man. | 
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Mutagenicity of chromates in bacteria 
and its relevance to chromate carcinogenesis 


THERE is abundant experimental evidence that certain 
chromium compounds are carcinogenic in animals'’”. There 
are also epidemiological data which suggest that chromium 
compounds are carcinogenic in man*’. Calcium chromate 
especially, produces epithelial lung tumours both by intra- 
bronchial implantation’ and sarcomata by intramuscular 
administration to rats’. In epidemiological studies Bidstrup 
and Case’ reported a significantly high lung cancer mortality 
in men who worked in chromate-producing factories, and 
concluded that the most likely explanation of this increased 
risk was due to an occupational carcinogen. 

The mechanism of chromate carcinogenicity is not under- 
stood. But considerable evidence exists which suggests that 
chemical carcinogens are also mutagens although the con- 
verse 1s not necessarily true’, We have, therefore, tested the 
hypothesis that some chromium compounds, including a 
known carcinogen, are mutagenic. We have used a simple 
bacteriological spot-test mutagenicity assay® which has con- 
vincingly demonstrated that simple hexavalent chromium 
salts of Na, K and Ca are indeed mutagenic under conditions 
where related heavy metal salts show no mutagenic activity. 
There is no evidence, however, that the highly soluble 
chromates such as Na and K used in this study are carcino- 
genic to experimental animals (ref. 7 and L. S. Levy, un- 
published data), nor are there reports that they cause cancer 
in man. . 

The organisms used in this study weres Escherichia coli 
B/r WP2: WP2uvrA; WP2exrA, which differ in their sensiti- 
vity to and mutability by ultraviolet and ionising irradiation 
and a variety of alkylating and arylalkylating agents. All 
































strains require tryptophan for growth due to an ons 
tion in the rrpE locus’. 

E. coli K12(4) CA165 (containing SupB (ref. 1) was u; 
conjunction with bacteriophage T4 ochre 427 for char: 
ising the WP2 mutants obtained after chromate treatme 

E.coli WP2 strains were grown overnight in nutrient 
at 37° C and diluted 1:50 in M9 medium containing: 
(w/v) glucose and 10 øg ml~ L-tryptophan. Cells we 
collected by filtration during mid-logarithmic phase, washed _ 
in M9 salts and resuspended at 5 x 10° cells mi~ in M9 
salts and kept on ice until used. For mutagenicity assays — 
by the spot-test method 5 x 10° bacteria were spread on 
agar plates containing M9 medium, 0.4% (w/v) casamino- | _ 
acids and 1 ag ml’ L-trypophan. Test compounds (Analar 
where available, otherwise General Purpose Reagent Grade, 
obtained from Hopkin and Williams, Romford, Essex, 
England) were dissolved in deionised water, filter-sterilised, 
and 5 æl applied to the centre of each plate. Pre-exis 
revertants were assayed on agar plates containing. 
medium, and never exceeded 2-3 colonies per five q pli 
plates. Plates were incubated at 37° C and then 
yield of mutants (that is, revertants to tryptoph: 
trophy) was obtained 4-5 d after plating. | 

Table 1 shows the results of such an assay using WP 
three doses of Na:CrO;, KCrO., and CaCrO, respect 
Chromate-induced mutant colonies grew more slowly t 
the larger spontaneous colonies and at the higher dose 
central zone of growth inhibition was visible. It is clear fro 
the data presented in Table | that all three chromates were 
equally effective in inducing statistically significant incre. 
(of the order of threefold) in the yield of prototrophi 
vertants over control levels. The values obtaine¢ 
course minimum estimates of the mutant yield since 
method of screening lethality cannot be assessed accur 





Table 1 Reversion of E.coli WP2 (try ~) to Bfatetcoohy after expo 
to chromates* 





Revertants per plate (mean of three plates 


+ sd.) 
Na,CrO, Pt KCrO, P CaCrO, 
Dose of 
compound, 

(umol per . 
plate) | 
Control 37 + 10 3 = 10 S710 oe: 
0.05 125 + 8 < 0.001 1144+ 16< 0.01 133 + 26 <9. 
0.10 105 + 10 < 0.01 1254 7<0.001 99-4404 

0,20 SS+ 6<0.1 127 +- 17 < 0.01 


ke. 


113 £34 < 





* Spot-test method. — 
t P refers to probability in ¢ test. 


In order to confirm the results obtained using the spotter! 
method we performed a number of experiments in which : 
bacteria in suspension were treated with Na,CrOy, after which _ 
the chromate was removed and mutation and lethality then | 
assayed simultaneously (Fig. 1). In both E. coli WP2 and. 
WP2uvrA the yield of induced revertants increased linearly | 
with increasing chromate concentration, and there was nooi 
significant difference in mutability between the two strains. 
E. coli WP2uvrA was slightly more sensitive to the cytotoxic 
effect of Na-CrO, than was WP2 (which is wild type with 
respect to excision repair), the 1/e doses being 2 mg ml~’ 
and 2.7 mg ml~' respectively. 

We obtained negative results with soluble salts of tungsten 
ard molybdenum (the two metals closest to chromium in 
the periodic table) and also with a soluble trivalent chro- 
mium compound, Cr.SO,K.SO,,2H,O. Salts of zinc, cadmium: 
and mercury were also, tested and found to be inactiv 
From the present data, therefore, it seems that of the metals 
tested, only hexavalent chromium is mutagenic in this. system, _ 
of which CaCrO,; alone has been shown to be carcinogenic : 
in vivo” 
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Fig. 1 Dose against survival and mutation of E., coli WP2 


and E. coli WP2uvrA following treatment with Na-CrÔ, in 
suspension culture. Bacteria were grown to mid-logarithmic 
phase (2 x 10° mi~’) in M9 medium containing 10 pg mi! 
L-tryptophan and collected by filtration and washed in M9 
salts. Washed cells were resuspended in M9 salts containing 
10 mM Mg” and 1 mM Ca” and treated with graded doses 
of Na.CrO, for 2 h at 37° C. The treated bacteria were 
washed free of chromate by three cycles of centrifugation in 
ice-cold M9 salts and resuspended in M9 salts. For assay of 
viable counts, triplicate 0.1 ml samples at appropriate dilu- 
tion were plated. Reversion to tryptophan independence was 
assayed by plating quintuplicate 0.2 ml samples of undiluted 
bacteria ($ x 10° mi~') per plate. The plating medium for 
both viable-count and reversion assays contained 1.5% agar 
in M9 medium, 0.4% casamino acids, and 1 pg mi~: 
L-tryptophan. Viable counts were scored after 18 h at 37° C, 
and the full yield of revertants was scored after 4 d at 
37° C. Pre-existing revertants were assayed on M9 medium 
plates. The frequency of induced mutations was calculated 
according to the formula of Sedgwick and Bridges’*. Each 
point represents the mean number of colonies of three plates 
(viable counts) and five plates (mutation frequency), @, WP2: 
A, WP2uvrA. 


The absence of either the exrA repair pathway (‘error- 
prone’) or the uvrA repair pathway (‘excision-repair’) did 
not significantly modify the mutagenic response to chro- 
mate (Fig. | and Table 2) in this test system. We therefore 
conclude that chromates fall into that class of mutagens 
exemplified by hydroxvlamine’’, bisulphate'’ and ethyl 
methanesulphonate (EMS) (ref. 14 and E. M. Tarmy, per- 
sonal communication) which exert their effect by directly 
modifying DNA bases in such a way that base-pair “errors 
arise at subsequent cell divisions. They do not fall into the 
second category of mutagens, such as methyl methane- 
sulphonate”, ultraviolet irradiation”, 7-bromomethlybenz 
[aJanthracene’ and nitroquinoline-N-oxide'’, whose muta- 
genicity can be drastically modified or even abolished by 
the presence or absence of DNA repair processes, 









Nature Vol. 250 August 9 1974 








Table 2 Mutagenicity of KCrO, in three DNA-repair strains of 
E.coli WP2* 


Maaret nineteen ARR AEEA AAAA A AA Aa At hatte Rott at it ACHE AEA tH Hvar aAA N a Aaea | 


Revertants per plate (mean of three plates 


-+- s.d.) 
Bacterial Control Treated P 
strain (0.05 pmol 
KCrO, per plate) 

WP2 Exp. (a) 37 = 10 l4 = 16 < 0.01 

Exp. (b) 28 + 6 155 =: 20 < 0.001 
WP2exrA Exp. (a) 22 =. 8 G54 DS < 0.00] 

Exp. (b) 30 + 9 70 6 < 0,00! 
WP2uvrA Exp Ses 7 74 + Hl < 0.02 





* Spot-test method. 


We investigated the specificity of the postulated base- 
pairing error by determining the ratio of true revertants 
(that is, structural reversions at the mpE locus) to ochre- 
suppressor-containing revertants in a population of chro- 
mate-induced mutants (Table 3). We found that in the 
chromate-treated group, 98%, of revertants contained ochre 
suppressors compared with 45% in the untreated (spon- 
taneous) group. The reversion from tryptophan auxotrophy 
to prototrophy in this system involves mutation at an ochre 
triplet, UAA (containing only AT base-pairs in DNA)’. 





Table 3 Characterisation of E.coli WP2 revertants obtained after 
treatment with KCrO, 


No. of revertants No.ofrevertants Total no. of 


lysed by T4 not lysed by revertants 
ochre 427 T4 ochre 427 tested 

Spontaneous 9 E 20 
revertants 
(untreated) 
induced 
revertants 98 2 100 
(chromate 
treated) 





100 revertant colonies arising from a K,CrO,-treated plate, and 20 
revertant colonies from an untreated plate, were purified by repeated 
subculture on minimal medium agar, and overnight nutrient broth 
cultures were prepared. A lysate of bacteriophage T4 ochre 427 was 
prepared by growth in and lysis of E.coli K 12 CA 165 in M9 con- 
taining 1° lactose and 0.4% casamino acids. This lysate, after 
centrifugation, contained less than 0.04%, revertant bacteriophage 
when assayed on E.coli WP2. 0.2 ml of each purified revertant culture 
was mixed with 0.1 mil T4 ochre 427 (2 = 10) PFU mi!) tn 0.6% 
agar at 46° C and poured on to plates containing nutrient agar supple- 
mented with 1%, glucose. E.coli WP2 which is not lysed by T4 

ochre 427, and E.coli CA 165 which is, were used as controls®, 


Since the treated population contained only 2% true re- 
versions (of which some may well be spontaneous in origin), 
it is highly likely that chromate does not modify AT base- 
pairs, but specifically attacks GC base-pairs, causing GC to 
AT transitions at a subsequent round of DNA replication. 
In this respect. as well as in its mutagenicity in Exr™ bacteria, 
chromate closely resembles EMS, hydroxylamine and bisul- 
phite, which have also been shown to specifically induced 
GC at AT transitions'’"'. 
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Transepithelial potential difference in toad 
urinary bladder is not due to ionic diffusion 
KOEFOED-JOHNSEN and Ussing proposed’ that the trans- 
epithelial potential difference (PD) in frog skin was due to 
the sum of two diffusion potentials, one at the outside 
border due to sodium, and one at the inside due to potas- 
sium. Others have shown somewhat similar results in toad 
urinary bladder’’. Although there is evidence to support 
the notion that such a mechanism cannot account for the 
entire PD“, the hypothesis is still favoured by many 
investigators. 

The hypothesis might be true if when the sodium pump 
is inhibited or stimulated, the same changes in PD occur 
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Fig. 1 Response of control bladders to ionic changes. The 
transepithelial potential is plotted against, the mucosal sodium 
or serosal potassium (-- = == = ) concentration. @, ©, Experi- 
ments performed with chloride as the major anion: a, A, 
Experiments done in sulphate media. In each case progressive 
Na for K substitutions were made in the appropriate medium 
and the resulting PD measured. Vertical lines indicate + s.e.m. 





100 


E (my) 






















10 0 70 0 10 20 30 40 50 


AE (mY) 


Fig. 2 Effect of inhibition of the transepithelial potential othe 5 
response to changes in ionic constituents. Each panel repres 
a series of studies on several bladders, and studies on a sing 
bladder are shown for each panel as like symbols. a and d show 
the result of mucosal (a) and serosal (d) ionic changes in 
ouabain experiments. b and e show mucosal (b) and serosal {e 
ionic changes in experiments in which the temperature w 
changed. c and f show mucosal (c) and serosal (f) tonic change: 





I0 20 30 40 50 60 


a, y = 1.65 {+ 0.17) x + 10.3 (+ 3.2), aa 
amiloride experiments. ye 1.4004 0. 21) x+ 20.1 ( 5, 8), r= 
0.88; e y= I. 35 (3,9. 12) ae 59 (+ >: 16), r= 0.91; d, y 


£40.90 4.1) pe 0.97: fy = 2.19 CL 0.11) x 5.8623. 28) 
y = 0.97. 


when medium Na or K concentrations are changed as ari 
seen in the control state, even though cell Na and K ma) 
have reached a new steady state value, That is, fo 
example, whatever the cell K concentration, a tenfol 
change in serosal medium K would result in a more or les 
instantaneous tenfold change in the cencentration rati 
Koon/Kuneaiam, and the PD, a logarithmic function of thi 
concentration ratio, should decrease by the same absolut 
amount. ' 
Bladders were dissected from Colombian toads, (Bufo 
marinus), and none were used whose PD was less than 
50 mV. The standard Ringer solution used contained. 
(mmol 17): NaCl, 109; CaChk, 0.9; NaHCO;, 2.4; KCI, 2. 
glucose, 5.5, and was stirred by means of a bubble lift 
room air. When sulphate was used as the anion, the solu- 
tion contained (mmol 17‘): NaSO, 55; KSO, 1.25; 
CaSO;, 0.9; NaHCO;, 2.4; glucose, 60. When ‘step-wise — 
changes in Na and K concentrations (carried out by 
K-for-Na substitutions) in the mucosal or serosal medium 
were made, results were similar to those previously des- — 
cribed for this tissue’’, and were consistent with the in- 
terpretation that the mucosal barrier is more permeable | 
to Na than to K, while the opposite is true for the serosal | 
barrier (Fig. 1). Note also that there are only small: 
differences between the results with Cl and those with S 
as the major anion. In“all cases, the PD chosen wa 
seen 2 min after the previous solution was removed; ea 
time a change was made, the chamber was washed: three 
times with the new solution. 




















496 


When the PD was reduced in seven experiments to 3+1 
mV with ouabain (107° M), however, the decrease in poten- 
tial following reduction of mucosal Na to 2.4 mM was only 
0.94 1.1 mV, and that following the increase of serosal 
K to 111.5 was 2.3+0.3 mV. Furthermore, when the 
ambient temperature was reduced to 5° C in two experi- 
ments (by means of circulation around the water-jacketed 
chamber of water from a constant temperature circulator), 
thus decreasing the PD to 0 and 4 mV, the changes in PD 
after reduction of mucosal Na to 2.4 mM were 0 and 0.5 
mV, and the change after an Increase in serosal K to 111.5 
was Q0 in both cases. 

We next brought about a graded reduction in transepi- 
thelial PD by (1) progressive increases in the concentration 
of ouabain (added to the serosal solution only) from 107° to 
10 M, (2) graded changes in the ambient temperature, 
and (3) progressive increases in the concentration of ami- 
loride (added to the mucosal solution only, in concentra- 
tions ranging from 107 to 10° M}. 

Figure 2 shows the results plotted as AF, the change 
in potential after a solution change, against E, the PD 
obtained with Ringer on both sides just before the change. 
Note that essentially the same results were obtained with all 
inhibitors, and with either mucosal or serosal substitutions. 
Four further experiments with ouabain and two with 
amiloride were performed using SO¢~ as the anion: equally 
strong correlation was found, with r=0.98 and 0.93, res- 
pectively. Furthermore, if mucosal sodium was replaced 
by choline instead of potassium, identical results were ob- 
tained in two experiments with ouabain. None of these 
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Fig. 3 Effect of stimulation of the transepithelial potential on 
the response to changes in serosal potassium. Data are plotted 
as in Fig. 2. The four rather low PD values are from two bladders 
whose PD decreased late in the experiment. In each bladder 
(shown by like symbols), serosal K was changed from 2.5 to 
111.5 before and after the addition of vasopressin (25 mU mi~) 
to the serosal side. After the PD reached a new value, Ringer 
solution (with or without ADH) was replaced in the medium. 
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Table 1 Transepithelial resistance 


Quabain Amiloride Temperature 
change 
Control 2305 -: 304 1493 -+ 232 2270 + 120 
n 5 4 5 





Resistance (given in ohm cm”) was measured either as the quotient 

of the open-circuit PD and the short-circuit current, or as A E/A I 

when a 50 mV voltage step was applied for 20 s. These two techniques 

give identical results. In each case the experimental resistance shown 

is that measured at the highest concentration of ouabain or amiloride, 

-or at the lowest temperature, usually 5° or 10° C, and all resistances 
are given as means  $.€.m. 


procedures resulted in a decrease in transepithelial resist- 
ance (Table 1), thus excluding the possibility that the 
observations could be due to a progressive decrease in tissue 
resistance as the baseline PD fails with inhibition of the Na 
pump. Finally, in experiments in which the transepithelial 
PD was stimulated with anti-diuretic hormone (ADH), the 
results of serosal K-Na substitution were identical with 
those seen with inhibition (Fig. 3). 

Since these results are not compatible with the diffusion 
potential hypothesis, one explanation might be that the 
permeability characteristics of the mucosal and serosa! 
barriers are in some way determined by pump activity, so 
that when the pump changes, the permselectivity changes. 
This requires, according to the results in Figs 2 and 3, how- 
ever, that at every level of pump activity both mucosal 
and serosal permselectivity change pari passu with the 
pump. Furthermore, the procedures chosen for pump in- 
hibition and stimulation are quite different in their sites 
and mechanisms of action, and the fact that nevertheless, 
both mucosal and serosal characteristics were affected in a 
similar manner make it unlikely that the resting potential 
in this and presumably similar epithelia is due to Nernst- 
like permeability barriers. 

The obvious alternative is that the PD is due to the 
Operation of a charge-separating or electrogenic pump, 
and that the apparent permselectivities deduced from 
changes in ionic constituents of the media in control 
preparations depend on the effects of the various ions on 
the pump itself. Since its characteristics cannot be rigorously 
defined by these experiments, however, further speculation 
seems unwarranted. 
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Transmission abolished on a cholinergic 
synapse after injection of acetylcholin- 
esterase into the presynaptic neurone 


SINCE electron micr8scopy has enabled the identification of 
vesicles which appear concentrated at anatomically defined 
esynaptic sites, a theory has been proposed that the trans- 
mitter released at the synapses is of vesicular origin. The 
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synaptic vesicles had a high content of acetylcholine 
(ACh)? and were ideal carriers of ‘packets’ of ACh 
released at the synapse, a necessary requirement for the 
quantal theory of transmission’. 

Two hypotheses try to explain how the transmitter leaves 
the cells. One considers that the vesicles, having migrated 
to strategic presynaptic sites, fuse with the presynaptic 
plasma membrane and discharge their contents directly 
into the synaptic cleft’, Some electron microscope pictures 
of the vertebrate neuromuscular junction were interpreted 
as confirming such. liberation of ACh by exocytosis’. 
According to the second hypothesis the ACh of the synaptic 
vesicles is released into the surrounding axoplasm before 
crossing the synaptic membrane. 

So far, problems of transmitter storage and liberation 
have been approached mainly by anatomical and bio- 
chemical methods. We thought that a physiological 
approach was possible, taking advantage of the observation 
that ACh inside the vesicles is protected against the hydro- 
lysing effect of acetylcholinesterase (AChE), but that ACh 
in the cytoplasm would be rapidly hydrolysed by AChE. 

By artificially introducing AChE into the presynaptic 
neurone in sufficient quantity to reach the presynaptic ter- 
minal, we were able to provide conclusive evidence that 
synaptic activity in the presence of intracellularly injected 
AChE is no longer possible. From the evidence presented 
here we assume that for ACh to act as a transmitter, it 
must be present free in the axoplasm (eventually released 
from synaptic vesicles) where it can be broken down by 
AChE. 

In the buccal ganglion of Aplysia, two easily identifiable 
cholinergic interneurones make inhibitory synaptic connec- 
tions with a number of postsynaptic cells situated close to 
each other in the same ganglion”. After suitable dissection 
and attaching of the buccal ganglion in an experimental 
chamber constantly perfused with seawater, one inter- 
neurone (injected interneurone) was penetrated with a 
micropipette filled with purified 5% solution of electric eel 
AChE in seawater. (Identical results were obtained using 
AChE from Sigma (type V) or Worthington (type ECHP).) 
The purity of the Sigma preparation at least can be con- 
sidered as very high, as when injected in the rabbit only 
the specific immune serum anti-AChE was found’. The in- 
jection was performed by an air pressure system similar to 
that used in a previous study’. The quantity of solution 
injected was not known. But, experiments made towards 
the end of the present study using AChE dissolved in 
tritiated water enabled the calculation of the intracellularly 
injected quantity as being about 1% of the volume of the 
cell soma. The propagation of the enzyme to the presynaptic 
site was followed with both light and electron microscopy, 
using an improved version of Koelle’s histochemical 
method”. 

The injecting micropipette was also a microelectrode. The 
postsynaptic potential (PSP) produced by direct stimulation 
of the interneurone was recorded in one chosen postsynaptic 
neurone impaled with a double barrelled KClI-filled micro- 
electrode. In some experiments, the second interneurone 
afferent to the same postsynaptic cell was also impaled {test 
interneurone) and the synaptic activity monitored. The post- 
synaptic potentials caused by direct stimulation of the in- 
jected and test interneurones were compared throughout 
the experiment to eliminate possible changes in the pro- 
perties of the postsynaptic neurone during the relatively 
long experiments. especially the effect of changes of the 
membrane potential and of the intracellular ionic concen- 
trations on the amplitude of the synaptic response. During 
measurement of the PSPs the membrane potential of the 
postsynaptic neurone was adjusted? to —80 mV at which 
leve! the IPSP was reversed to a depolarising potential of 
several mV in amplitude which was more convenient efor 
the experimental analysis. 
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All experiments were performed at room temperatu 
(20°-22° C). After injection of AChE no significant | 
was observed in the respective amplitudes of the it 
or test interneurone PSPs for about 2-2.5 h; then, in- 
20 min or less, the PSP produced by stimulation of th 
injected interneurone decreased progressively and fin 
completely disappeared (Fig. 1). The amplitude of the 
interneurone PSP remained within the normal rat 
minimal time course of the depression of the PSP 
identical whether the injected interneurone was previo 
firing at a high rate or whether its activity was complete 
abolished by hyperpolarisation. Me 

In experiments in which presumably lesser amounts 
AChE were injected, the injected neurone PSP decreased 
also but the changes in amplitude started after a long 
time interval. Within 1 or 2 h an amplitude was reach 
which then remained relatively constant with respect 
the test PSP or decreased slowly until the end of. 
experiment, that is for about 4 more hours. — o 

It does not seem that the depression of synaptic tran 
mission is caused by some modification in the size or con- 
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Fig. 2 Spike responses to direct stimulation of the injected _ 
and test interneurones and the corresponding inverted IPS 
in the postsynaptic cell at —80 mV. Traces of test spik 
are omitted in the two lower recordings, Control was tak 
30 min after AChE injection. The quantity of ACh] 
not sufficient to block the PSP due to the injected inter 
neurone. The PSP corresponding to the test interneurone 
was not significantly changed. 
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duction of the spike, as the amplitude as well as the resting 
potential] remained very much the same throughout the 
experiment (Fig. 2). Also the synaptic delay, in so far as it 
was deiectable, remained constant. In addition the distance 
between the soma and the ending is short enough so that 
synaptic efficacy can be affected by modifying the somatic 
membrane potential by applied current (T. Shimahara and 
L. Tauc, unpublished) which leads one to suppose that 
membrane properties changing in the axonal part of the 
neurone would be detectable in the soma. Also the decrease 
of the PSP was continuous, without steps, indicating that 
there was no blocking of presynaptic spike on axonal 
branchings. 

The injection of seawater alone or with addition of 
inactivated AChE in the same experimental conditions did 
not produce any change of synaptic efficacy in the injected 
cell. Contamination of our AChE preparation with pro- 
teases or any other enzymes seems highly unlikely. But, 
since no analysis was done, contamination causing the effect 
on synaptic activity observed here was ruled out by per- 
forming control experiments. Intracellular injection of 
mixtures of various proteases, especially trypsin and chymo- 
trypsin, produced at higher concentrations marked modifi- 
cations of the membrane potential and conductance. and of 
the spike of the injected cell. With concentrations too small 
to cause these changes in the properties of membranes no 
effect was detected on the level of the synapse. 

Histochemical studies showed that AChE effectively pro- 
pagates into the axon and in the axonal branchings in the 
neuropile (Fig. 3). The electron microscope (EM) pictures 
give additional evidence that AChE had reached the pre- 
terminal region of the injected axon. The black precipitate 
masks subcellular structures on the ending, but in some EM 
photographs, synaptic vesicles can be observed in spite of 
the abolition of transmission. 

The distance from the soma of the studied terminal can 





Fig. 3 a, Histochemical localisation of AChE injected int® 
an interneurone of buccal ganglion of Aplysia. Thiocholine 
method. S, soma of BRI (right buccal ganglion, c.f. 7); A, 
axon; AR, axonal ramification. x 90. 4. Electron microscopic 
localisation of injected AChE detect¢d in a preterminal 


region in the neuropile. Thiocholine method. x 23,000. 

l, nerve fibre without AChE injection; 2, preterminal region 

with injected ACh; 3, intercellular spaces with endogenous 
ACh activity. 
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be estimated as <1 mm; the speed of propagation of the 
injected AChE was then about 200-300 um h~’, comparable 
with the slow rate of progression of AChE in the vagus 
nerve’. 

Unless there exists a quite improbable action of sub- 
products of ACh hydrolysis, or an unknown effect of AChE 
on molecules other than ACh, our results indicate that 
before its liberation, ACh has to be present in the axoplasm 
where it is exposed to the hydrolysing action of AChE. 
ACh is in the axoplasm because it is synthesised there: and 
possibly it comes from the synaptic vesicles. Vesicular ACh 
does not seem to be released directly into the synaptic cleft, 
a conclusion that can be deduced from the result observed 
here that the minimal time of AChE effect on active and 
inactive synapses is very much the same. Indeed, if ACh 
Stored in the vesicles was released directly into the synaptic 
cleft a contrary result would be expected, because the 
vesicular ACh is protected against AChE action, and thus 
would remain available for longer. This theory is 
strengthened by the presence of quite considerable ACh 
stores in Aplysia cholinergic synapses, demonstrated by 
using hemicholinium—3, which need intensive and pro- 
longed stimulation to become exhausted”, and also by a 
rather slow loss of vesicular ACh observed in vitro“ and 
in vivo when axoplasmic ACh of Torpedo was drained by 
intensive stimulation". 

It is interesting to note that the presence of axoplasmic 
releasable ACh demonstrated here in a form which can 
be attacked by AChE could also be explained by the 
existence of two pools of ACh, free and bound, the free 
pool containing the releasable ACh, a hypothesis which 
has been proposed by Dunant et al.”. 

We thank Dr Taxi for facilities and discussions, and Dr 
T. Shimahara for his participation in the early part of this 
work. This work was partially supported by an ATP grant 
from CNRS and a grant from INSERM. 
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Y chromosome effect on adult testis size 


Durinc the development of mammals with X and Y chromo- 
somes the Y chromosome brings about the differentiation of 
the gonad primordia into testes'. But apart from carrying the 
genetic determinants of maleness, little is known about its 
genetic constitution. In man, the gene for hairy tips to the ears 
shows Y linkage in at least some pedigrees”. In mice there ts 
evidence for a Y-linked histocompatibility locus®“*, and for 
effects of the Y chromosome on the frequency of spermatozoa 
with abnormal heads*. Here we show that the size of the testes 
of adult mice is affected by factors on the Y chromosome. 
Male mice of the CBA/FaCam strain are fully fertile, but have 
testes which are much smaller (90-1 10 mg) than those of males 
of most other strains®?. The differences remain significant 
when variation in bodyweight has been corrected for by regres- 
sion analysis®. Small gonads have also been found in the J and 
Kw sublines of CBA”. A comparison of CBA/FaCam mice 
with those of the A/Cam, SF/Cam and Peru strains showed 
that, after correction for variation in bodyweight, 87°, of the 
observed variation was due to differences between the strains, 
6° was due to litter effects and 7%, to other environmental 
sources of variation. Reciprocal cross fostering of newborn 
mice between the CBA and Peru strains did not affect the size 
of the testes of adults of either genotype, showing that postnatal 
maternal effects were absent. A diallele analysis of simultaneous 
crosses between these three strains revealed significant general 
(Fe 52, = 383) and specific (Fe, 42, = 83) combining abilities. 
There were significant differences between reciprocal crosses 


CBA fathers had smaller testes than males from the reciprocal 
cross which had CBA mothers. This pattern of results is that 
expected for Y-linked factors but not for X-linked factors, 
or for direct maternal effects. Mice were bred from 18 further 
crosses between the CBA and SF strains. Table 2 summarises 
observations on the parental strains, reciprocal F,, F, and 
backcrosses, and on four F, and two F, crosses. All 11 stocks 
with Y chromosomes from the CBA strain had lower mean 
testis weights than the 11 stocks with a Y chromosome from 
the SF strain. Eleven A x CBA hybrid generations showed the 
same pattern of results. Table 2 indicates that the average 
effect of a CBA Y chromosome was to depress mean testis 
weight by 31 mg. More sophisticated maximum likelihood 
analyses", however, estimated the Y effect as 24 mg, which 
represented 41° of the CBA-SF strain difference of 58 mg. 
In the F, generation the two lines which differed in Y chromo- 
somes differed in mean testis weight by 24 mg. All genetic 
models which omitted a Y effect were much poorer fits than 
ones which included such an effect. The remainder of the 
strain difference was due to several (more than two) autosomal 
factors and to interactions between sex-chromosomes and 
autosomes. 

The testes of CBA mice grew more slowly, at least after 
birth, than those of mice of other genotypes. The lower weight 
of testes from CBA mice was detectable well before puberty, 
and seemed to be due to differences in the length of the semi- 





Table | Mean paired testis weights (mg) for reciprocal F, males 





Reciprocal F, 


Other parent CBA CBA Difference Sample 
mother father oe he: size 
SF/Cam 167 135 32 +i P 47 
Peru 144 104 4l 3 27 
A/Cam 140 9] AQ i At 23 


enema mmm Rn mm mmm amanarea a 


è 
All measurements were made on mice aged eight weeks, and were 
corrected to a bodyweight of 21 g by regression analysis. 
* Data from Table 2 give a difference of 37 - 3.9(N © 142). 
+ Data collected on a different occasion showed a difference of 
34 3. 3.5 (N <> 47). 


499 — 
niferous tubules rather than in their diameter, or in the quantity 
of interstitial tissue present. CBA mice are fully fertile (personal 
observation and ref. 5) and had morphologically normal | 
spermë, Thus they were very different from C57BL/10J mice’, 
even though adult males of both strains had small testes. The < 
C57 phenotype, which only developed after puberty, was not 
due to Y-linked genes’. The post-pubertal fall in testis weight — 
was secondary to deficiencies in the production of androgens 
by interstitial cells. Spermatogenesis and fertility were con- 
sequently affected in C57 mice, as was the development of = 
sex differences in several target organs of androgenic steroids, © 
Unlike the C57 mice, the CBA mice showed no signs of androgen 
deficiency and had normal spermatogenesis? and a clear sex 
difference in kidney weight. CBA males were found to have 
smaller seminal vesicles than those of SF mice, but the in- > 
heritance of this difference was free from Y-linked effects®, =- 
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Table 2 The mean testis weights of CBA, SF and hybrid mice = 
arranged in descending order EE 














Stack Y Mean (mg)  8.€. 
chromosome 
F, (C) (S) SF 165 2.0 
BC (S) (CS) SF 158 3.9 
F,(SC.CS) (SC.CS) SF 155 4.6 
Fs (SC) (CS) SF 151 2.9 
F; High SF 146 4.3 
BC (C) (CS) SF 144 1.8 
F,(CS.SC) SC.CS) SF 142 pee 
Strain SF (5) (5) SF 140 1.9 
BC (SC) (S) SF 140 3.6 
BC (CS) (5) SF 138 25 
F, (CS) (CS) SF 136 2.8 
BC ($) (SC) CBA 132 3.6 
F, (S5) €C) CBA 128 2.0 
F, (CS.SC) (CS.SC) CBA 125 6.7 
F, Low CBA 122 3.1 
F, (CS) (SC) CBA 121 3.0 
BC (C) (SC) CBA 12] 1.8 
F, (SC.CS) (CS.SC) CBA 118 3.4 
F, (SC) (SC) CBA 110 2.9 
BC (CS) {C} CBA 107 2.0 
BC (SC) {C} CBA 101 1.8 
Strain CBA (C) (C) CBA 92 1.0 


All measurements were made on mice aged eight weeks and were 
corrected to a bodyweight of 21 g by regression analysis. The letter 
in parentheses refer to the genetic origin of the hybrids. ‘The firs 
set define the female parent used in the cross and the second set defin 
the male parent. Thus F, (C) (S) was the F, bred by crossing 
females with SF males, and the F, (SC) (CS) mice were brec 
crossing F, (S) (C) females with males from the reciprocal F, (©) 
cross. The F, high mice were [ (SC.CS)(CS.SC) ] { (CS.SC) (SC.CS) J 
and the F, low mice were [{ (CS.SC) (SC.CS) } [ (SC.CS) (CS.SC) i oe 

BC, Backcross. f 


and was not causally related to variation in testis weight: 
Genetic variation affecting the sensitivity of seminal vesicles. 
to testosterone is known??? A 

The synteny of the CBA factors and the Y-linked histo- 
compatibility locus is intriguing as factors concerned with the 
small testes of C57 mice seem to be linked to the H-2 histo-. 
compatibility locus on chromosome 17 (ref. 13). 

The Y effect on gonadal development is large enough to be 
experimentally useful, yet does not produce infertility. Thus: 
CBA mice, and hybrids derived from them, are excellent 
material for investigation of the function of the Y chromosome. 
and for studies of the regulation of gonadal development. _ 

Much of the work described in this paper was carried out in. 
thg Department of Genetics, University of Cambridge. We — 
wish to thank Professor J. M. Thoday for his interest and | 
encouragement, and the Medical and Science Research Councils. _ 
for financial support. | E 
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Development and genetic analysis of 
bithorax phenocopies in Drosophila 


PHENOCOPIES are developmental abnormalities which 
closely resemble known mutants, and can be induced ex- 
perimentally'. Phenocopies of a given mutant can be 
induced by various physicochemical agents, which share a 
unique and restricted effective period in development. In 
some instances it has been shown that the period of sensi- 
tivity to the agent coincides in turn with the effective period 
of the mutant itself**. This is of special relevance because 
it places the phenomenon of the phenocopy in the same 
causal frame as that of gene action. Some of the morpho- 
genetic mutants of Drosophila have been studied in clonal 
analysis and shown to act cell autonomously*". We have 
investigated whether their phenocopies also result from 
events taking place at the cellular level. 

In the present work phenocopies of mutants of the 
pseudoallelic dbithorax system of Drosophila have been 
— studied. Phenocopies of the mutant bithorax—one of the 
alleles-—-have been found following ether*'’ and tempera- 
ture shocks" to embryos during the first 6 h of development. 
The genetic basis’ and developmental clonal parameters 
_ of these homoeotic mutants are known. Our main conclu- 

sions are: (1) phenocopies can be induced before the 
syncytial nuclei reach the cortex; (2) the effect is produced 
<in individual cells which propagate their new state by cell 
heredity; (3) the genetic constitution of the egg, with 
respect to some alleles of the bithorax system, has no effect 
on its sensitivity to ether. 

Eggs were collected, following a prelaying period, for 
-0:5 h on a filter paper sprayed with a yeast suspension, At 
_ different times after oviposition the filter paper was trans- 
< ferred for 10 min to a 50 cm? chamber with a saturated 
o ether atmosphere. The adults were scored under the 
< binocular microscope and subsequently mounted in Euparal 
+ for microscopic examination. 

In wild-type flies the frequency of bithorax phenocopies 
+ varies with developmental age (Fig. 1). Phenocopies appear 
in embryos treated less than 30 min after oviposition 
(before the syncytial nuclei reach thè cortex"), their fre- 
quency increases to a maximum in embryos treated at 2-2.5 
h (syncytial blastoderm) and decreases to zero in eggs 
treated after 5 h (following gastrulation). It is interesting 
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to note that the embryonic mortality which follows ether 


treatment is not correlated with the frequency of bithorax 
phenocopies (Fig. 1). 
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Fig. 1 Frequency of egg mortality (@) and of bithorax 


phenocopies (Q) in wild-type individuals following ether 
treatment at different embryonic stages. The actual number 
of phenocopies is given in parentheses. 


The phenotypes of the different pseudoallelic mutants of 
the bithorax system have been described in detail else- 
where’. Bithorax (bx) transforms the anterior and post- 
bithorax (pbx) the posterior methathorax, towards the cor- 
responding regions of the mesothorax. Both regions are 
transformed in Ultrabithorax (Ubx) flies. A complete 
metathorax may appear instead of the normal mesothorax 
in Contrabithorax (Cbx) flies. Whereas the first two mutants 
are recessive and possibly correspond to structural loci, the 
last two are dominant and have been thought to represent 
operator mutations affecting the transcription of the entire 
bithorax system’. 

in standard series of 3-h-old embryos, (experiments | 
and 2, Table 2) phenocopies of the different birhorax alleles 
appear with characteristic frequencies. A sample of 1,048 
hemithoraces, corresponding to 524 phenocopy-carrying 
flies was studied. Phenocopies of bx in both dorsal and 
ventral (sternopleura) metathoracic regions appeared with a 
frequency of respectively 75% and 27% of the hemi- 
thoraces, and are usually the most frequent ones. Pheno- 
copies of pbx are more difficult to identify, those with 
features of clear posterior wing, such as alula, appeared in 
2% of the halteres. Cbx phenocopies—haltere territories 
instead of wing structures in the mesothorax—were also 
found, but only in three cases (0.3%) 

As previously observed*® phenocopies affecting both sides 
of the same thorax are more frequent than expected on 
the basis of independent events taking place on each side. 
This finding could indicate that the phenocopying agent 
produces some interference with the organisation of the 
embryo as a whole. 

But, several observations suggest that phenocopies occur 
locally, affecting neighbouring cells in the embryo. Pheno- 
copies are patchy, affecting different and discrete regions 
of the disk derivatives (see Fig. 2). In 728 hemithoraces, 
phenocopies embracing, structures of both notum and wing 
represent 34% of the cases, those affecting only notum 
structures 11% and those affecting only wing structures 
47%. In 54 cases (7%) we found independent spots in both 
notum and wing or in two separated regions of the wing. 









Nature Vol. 250 August 9 1974 


e a ee 


Table 1 Frequency of bithorax phenocopies in different genotypes 


Experiment Cross Adults Phenocopies 
n Female Male Genotype n n VA 
(bx) 
{ mwh jy + (Sevelen) mwh jv/-+ 704 19] 27 | 
2 mwh jy M(3)i?/TMI1 mwh jvIMB) 2,112 438 21 0.8 
mwh jv/TMI1 2,169 586 27 = 
3 bx*e/TM i sbd e bx*ejsbd e 302 100 33 0.9 
TMifjsbde 269 99 37 
4 pbx ejTMI sbd e pbx e/sbd e 148 39 26 1.2 
TM1/sbd e 127 28 22 
5 sbd bx’pbx e Ubx'ITM 1i sbd bx pbx ejUbx'e 325 0 0 
ITMI sbd bx pbx ej TM1 508 148 29 
Ubx'e/TM | 530 i27 24 
6 Ubxte/TMI sbd e Ubx'e/sbd e 1,252 295 24 0.9 
TMijsbd e 1,113 276 25 
T Ubx eTM I sbd e Ubx'™e/sbd e 324 168 50 Er ea 
l TM1/sbd e 327 98 30 n 
8 Cbx ef TM1 shd e Cbx e/sbd e 124 46 37 i.t 
TMI /sbd e 87 79 | 


Also, the shape of the phenocopy patches resembles that of 
mitotic recombination clones of, for example, bx°/bx’ 
homozygous cells in a heterozygous bx'/+haltere back- 
ground’. Also, phenocopy patches correspond in size to one 
or more recombination clones of bx°*/bx‘ cells initiated in 
first instar larvae. Finally, the borders separating trans- 
formed from nontransformed cells in phenocopies are 
clear cut, as in recombination clones. All these facts taken 
together suggest that the process which produces pheno- 
copies acts on cells or groups of neighbouring cells which 
retain their abnormal determination during subsequent 
development. 

This hypothesis was tested in the following experiment. 
Eggs of the genetic constitution, mwh jv/M(3)i™ were 
treated with ether at an age of 3 h and the early second 
instar larvae (72 h) irradiated with 1,000 r. X rays. Mitotic 
‘recombination induced by X rays will give rise to non- 
Minute cells, homozygous mwh jy (two-cell marker 
mutants), which will overgrow their neighbouring Minute 
cells and build large marked clones”. Among 474 hemi- 
thoraces (from 358 flies) with phenocopies we found 38 
cases of mwh jy clones in the dorsal metathorax in either 
the haltere or in the transformed wing territories. These 
clones never included both haltere and phenocopied wing 
cells. In 22 cases the borders of the clones ran for some way 
along the separation between transformed and nontrans- 
formed cells (Fig. 2). As expected these clones did not 
cross the compartment borders of the phenocopied wing 
or those homologous borders in the haltere'*. These results 
demonstrate that phenocopied cells maintain in their clones 
the effects of the phenocopying agent after its removal. 

The possible role played by the genetic constitution of 
the egg upon the frequency of phenocopies was tested in 
crosses of females heterozygous for bithorax mutants and 
a balancer chromosome (TMI, Mé, sbd) with wild-type 
males. In the progeny, flies carrying the mutations and 
flies carrying the balancer chromosome (internal controls) 
can be distinguished. As shown in Table J flies hetero- 
zygous for the recessive alleles bx* and pbx (experiments 
3 and 4) or the doubly heterozygous flies (experiment 5) 
show similar frequencies of phenocopies to internal con- 
trols (TM1) and wild-type flies (experiments 1 and 2). Flies 
heterozygous for the dominant alleles Ubx' and Cbx (ex- 
periments 6 and 8) behave in a similar way. However, 
Ubx™ heterozygous flies (experiment 7) show a much 
higher frequency of phenocopies than control flies. The 
extent and types of the phenocopies in flies heterozygous 
for bithorax alleles are similar to those in control individ- 
uals, mentioned above, with three &xceptions: GJ Ubx'™ 
flies show, together with a higher frequency, a higher ex- 
pressivity in the transformation than flies of the other geno- 
types, including Ubx'; (2) Ubx flies show bx phenocopies in 




































the haltere (Table 1), but also transformation of pa 
the mesothoracic haltere territory back into wing (9 © 
9? hemithoraces); (3) in bx’ pbx/Ubx' flies, whict 
phenotypically bithorax-postbithorax, we did not find 
transformation of either mesothoracic or metathoracic 
wing back into haltere. 

These results indicate that neither the maternal geno 
nor the allelic constitution of the cells, wild-type or heti 
zygous with respect to bithorax (with the exception 
Ubx™*), affect the sensitivity of the cells to phenoc 
The possibility of phenocopying Cbx wings in wil 
flies, mesothoracic haltere in Cbx flies back into wi 
not mesothoracic or metathoracic wings of bx’ pbx. 
flies back into haltere, suggests that wing and haltere 
velopments are not reciprocally reversible. ie 

The gene products of the bithorax system are assu 
to be active in normal flies in the metathoracic segm 
preventing mesothoracic development, and inactive in the 
mesothorax’. Thus, we can suppress, by the action of 
phenocopying agents, the function of the bithorax -gi 
in either the metathorax (bx and pbx phenocopies). 
the mesothorax (suppression of the Cbx phenotype), b 
cannot produce a haltere development in flies defecti 
the bithorax genes. If we assume that ether inte 
with segmental positional signals in the cortex, mel 
thoracic properties would appear in an otherwise me: 
thoracic segment (leading to Cbx phenocopies) or vice vel 
(bx and pbx phenocopies). This hypothesis is consist 
with the fact that phenocopies can be obtained even befo 
the migration of the syncytial nuclei into the cortex: (F 
1). Thus, it is possible that bx and pbx phenocopies result 
from the repression of the bithorax system in the meta- 
thorax. It is therefore interesting that in heterozygous flies _ 
only Ubx' leads to a higher frequency of phenocopies 
relative to controls. Ubx'™, a rearranged chromosome with _ 
one break point in the bithorax locus, could represent an 
operator-deficient mutant and so heterozygous Ubx'* flies. 
will lack one of the two possible repressor binding sites i 

We have seen that'bithorax phenocopies induced in the _ 
blastoderm cells are faithfully transmitted in the progeny 
of individual cells. But, mitotic recombination in hetero- 
zygous cells for structural genes, for example, bx fee 
haltere cells, induced any time during development, lead to. 
clones of bx?/bx cells which show growth and differentia- a 
tion properties of the anterior wing". Thus, phenocopies of -> 
hitRorax must consist of a stable inactivation of the entire ` 
bithorax system, irrespective of the allelic state of their 
structural genes. This inactivation is reminiscent of th 
process of determination and indicates that both may. tak 
place at the cellular level. We hope that the combine 
studies of genetic variables and of their phenocopies wi 
throw new light on the underlying mechanism of cell — 
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Fig. 2 a-f, Schematic representation of the adult dorsal 


mesothoracic (a) and metathoracic (b) disk derivates with 


and Al=Alula. Regions in b, haltere with Sc=Scabellum: 
Pd = Pedicellum: and Cp=Capitellum. Quadrants correspond 
to developmental compartments (see ref. 13) defined by 
A/P: anterior-posterior, D/V: dorsal-ventral, notum wing 
and wing (or haltere) proximal-distal demarcation lines. 
c-f, Four examples of dorsal metathoracic disks showing 
the extent of ‘bithorax’ phenocopies, induced by ether in 
3-h-old embryos, and of mwh jy M° (non-Minute) 
recombinant clones initiated 72 h later. Phenocopied regions 
JAUNGOI contain mesothoracic structures (as in a) and clones 

either mesothoracic (as in a) or metathoracic 

structures (as in $). 


determination. 
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Plasma binding of vitamin Bs compounds 


PYRIDOXINE, the major dietary form of vitamin Bs, is 
rapidly converted in the body to pyridoxal phosphate (pyri- 
doxal-P), the coenzyme form. Pyridoxine has been shown to 
be phosphorylated in liver and brain homogenates! and in red 
cells’, and is subsequently oxidised to pyridoxal-P. In the 
red cell pyridoxal-P is dephosphorylated, and pyridoxal is 
the form that is then released into plasma’. But the en- 
dogenous form of B; found in plasma is mainly pyridoxal-P. 
This paper reports our findings on the ability of plasma 
proteins to bind these two circulating forms—pyridoxal and 
pyridoxal-P, and their dietary precursor, pyridoxine. We 
found that there were marked differences in the extent to 
which each B; compound was bound. These findings can be 
interpreted to explain part of the mechanism which regu- 
lates the passage of B; compounds into and out of the red 
cell. 

Heparinised or clotted blood samples were obtained from 
normal human subjects. When heparinised plasma was 
compared with serum, no differences in the elution pattern 
of vitamin B; compounds were observed, The proteins were 
fractionated by gel filtration at 4° C on a 2.2X90 cm 
acrylic column (Wright Scientific, Kenley, Surrey, UK) 
of Sephadex G200, eluted with 0.05 M phosphate buffer 
pH 7.4 containing 0.154 M NaCl. The flow rate was 
12 ml h’ and 1304 mi fractions were collected. The 
vitamin B; compounds used were crystalline pyridoxal and 
pyridoxal-P (Sigma) and “H-labelled pyridoxine (Radio- 
chemical Centre) with specific activity adjusted to 62 mCi 
mmol”! by the addition of unlabelled pyridoxine (Sigma). 
Pyridoxal, and pyridoxal-P after acid hydrolysis to pyri- 
doxal, were measured by microbiological assay using 
Lactobacillus casei’. *H-pyridoxal, derived from red cell 
conversion of “H-pyridoxine, was distinguished from *H- 
pyridoxine by L. casei activity of the former’. Protein was 
measured by absorbancy at 280 nm. 

The gel filtration pattern of the vitamin B; compounds 
in the absence of plasma was first established (see Fig. 1). 
In these experiments each compound (1,000 ng in 2 ml 
saline) was eluted separately through the column and frac- 
tions were selected for microbiological assay or “H-counting. 
in each case the vitamin B6 eluted in a single symmetrical 
peak with maximum concentration in fractions 106-108 
(free position). 

Experiments were then carried out in which 1,000 ng 
(0.02 ml) of each vitamin Bs compound was incubated 
separately with plasma (2 ml) for 30 min at 37° C and 
then subjected to gel filtration. Fractions were selected for 
microlyological ASSAY, ‘H-counting and protein measure- 
ment. Each compound eluted differently as shown by the 
representative set of experiments illustrated in Fig. 1. 
Pyridoxine added to plasma eluted in exactly the same 
fractions as pyridoxine in saline, demonstrating an absence 
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ie inding to protein (Fig. la). In contrast, pyridoxal-P 
: ted almost entirely with the third protein peak (Fig. 1b) 
which consisted mainly of albumin, transferrin and 3.58 
a-glycoprotein’. In the case of pyridoxal, a significant pro- 
portion was associated with the same protein peak, but 
most eluted in the free position (Fig. Ic). Exactly the same 
pattern of elution was demonstrated for pyridoxal contained 
in samples of plasma separated after whole blood had been 
incubated with 500 ng ml of “H-pyridoxine (Fig. 2) or 
pyridoxal. 

The binding of the different B; compounds to plasma 
protein will be discussed in relation to our earlier findings 
on vitamin B; metabolism in blood’. These demonstrated 
that the uptake of pyridoxine by red cells, after an initial 
rapid phase, slowly proceeded to completion as conver- 
sion of pyridoxine to its active forms took place in the 
red cells. This uptake and conversion were independent of 
the presence of plasma since the kinetics were identical 
whether the red cells were suspended in plasma or saline. 
It is therefore not surprising that we found no binding of 
pyridoxine by plasma. proteins (Fig. la). 

In contrast, pyridoxal-P is totally bound to protein (Fig. 
1b) and pyridoxal seems to be partially bound (Figs Ic and 
2). In relating these findings to our earlier work it is valu- 
able to consider some observations made by Dempsey and 
Christensen’ in a study of B; binding to purified bovine 
serum albumin. These authors came to the conclusion that 
albumin has two specific binding sites for pyridoxal-P with 
relatively high association constants, but that in addition, 
both pyridoxal-P and pyridoxal bind less strongly to addi- 
tional sites. If this also applies to human albumin in plasma, 
and we found that pyridoxal-P was completely eluted in 
the albumin-containing peak (Fig. 15), then the strong 
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Fig. 1 Binding of a, pyridoxine; b, pyridoxal-P and c, 

pyridoxal to plasma protein. Gel figration on Sephadex 

G200 of each compound added in vitro either to plasma 

(@....--@) or to saline (» ~-—~-~ x }, Vitamin Be compounds 

detected either by *H-radioactivity (pyridoxine) or micro-¢ 

biological assay (pyridoxal-P and pyridoxal). Protein deter- 
mined by absorbancy at 280 nm(....... ). 


of pyridoxal in the fresh whole plasma may therefore 








































binding of pyridoxal-P by albumin would : 
inability of pyridoxal-P to enter th 
in contrast to its substantial uptake 
in saline’. > 
In view of the findings of Dempsey 
of the elution pattern we observed 
probable that the pyridoxal-bindinj 
plasma is also albumin. Although o1 
pyridoxal is apparent from our results, t 
between bound and free peaks (Figs le a 
of dissociation of pyridoxal from albumin durit 
tion, in accordance with their weak binding’. The 


been complete. This binding had already been suggested 
our studies on red cell metabolism of Be, for we found t 
whether pyridoxal was derived from red cell conver: 
pyridoxine or was added directly to blood, the proj 
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Fig. 2 Plasma protein binding of the pyridoxal origina 
from red cell conversion of pyridoxine added to whole 
in vitro. Heparinised blood was freshly obtained fror 
healthy subject and to 5.0 ml was added 2,500: ne 
pyridoxine (0.05 ml). The mixture was incubated. for 2 
37° C in a shaking water bath kept in subdued light, a 
which the blood was centrifuged and the plasma remot 
Gel filtration of 2.0 mi of the plasma (containing 520 
7H- pyridoxal as measured by microbiological assay and 
residual *H-pyridoxine) was carried out as described i 
text for the other experiments, and the *H- radioac 
(o————— ®), Bs microbiological activity (O------- O) 
protein content (....... ) of selected fractions | 
measured, A 


of pyridoxal in plasma was directly related to the’ amo 
of plasma present. In normal blood the proportion 
approximately half that in the red cells, but if experil 
ally a constant volume of red cells was suspended i 
creasing saline dilutions of plasma, then the proportion of 
pyridoxal in the supernatant decreased; if plasma: 
totally replaced by saline or phosphate buffer, all the 
pyridoxal was accumulated in the red cells, confirming the 
work of Yamada and Tsuji’. It is probable therefore 
the binding of pyridoxal to albumin in plasma plays 
portant part in the distribution of pyridoxal bet 
red cells and plasma. : 

Some additional mechanism must, konaer be ir 
to explain the accumulation in red cells of pyridoxal W en 
plasma is replaced by saline. Furthermore, the uptake- of 
pyridoxal by red cells has been shown to be related to the 
volume of red cells, provided that the volume of plasm 
kept constant (B. B. A., unpublished observations). The 
findings suggest that the distribution of pyridoxal between 
red cells and plasma may be controlled by competing 
binders in these compartments. 

Further studies of the binding of vitamin Bs compou 
to plasma and to red” cell components are being ca 
out with a variety of techniques in an attempt to conf 
the identity of these binders and their significance. `- 

This work was supported by grants to Professor D. 


©- Mollin for advice and Catherine 
Lawrence, Gillian Perry, 





Mollin from the Welcome Trust. We thank Professor D. L. 
Fulford-Jones, Mary 
Catherine Parker and Cathryn 
Drayson for assistance. 
B. B. ANDERSON 
P. A. NEWMARK 
M. RAWLINS 
Department of Haematology, 
St. Bartholomew's Hospital, 
London, ECIA 7BE, UK 
R. GREEN 
Department of Haematology, 
South African Institute of Medical Research, 
Johannesburg, 
South Africa 


Aa March 27, 1974. 
* Wada, H., Morisue, T., Nishimura, Y., Morino, Y., Sakamoto, 
Y., and Ichihara, K., Proc. Japan Acad., 35, 299-304 (1959). 
? Anderson, B. B., Fulford-Jones. C. E., Child, J. A., Beard, 
M. E. J, and Bateman, CoA TA: clin. Invest. 50, 1901- 1909 
(1971). 
* Anderson, B. B., Peart, M. B., and Fulford-Jones, C. E., J. 
clin. Path., 23, 232- 242 (1970). 
125, 837-849 


1 Baumstark, J, ŞS., Archs Biochem. 
(1968). 

* Dempsey, W. B., and Christensen, H. N., J. biol. Chem., 237, 
1113-1120 (1962). | 

* Yamada, K.. and Tsuji, M., J. Vitam., 14, 282-294 (1968). 


Biophys., 


It Mh tt haa ny font Aaaa wa AA Arriva 


The effect of environmental lighting 
on porphyrin metabolism in the rat 


THE direct action of light on the skin in porphyria is well 
documented. There is a specific spectral response in that 
light of wavelengths between 400 nm or 500-600 nm causes 
lesions through photodynamic action of porphyrin in the 
skin’. Light may however affect abnormal porphyrin 
metabolism apart from any action on the skin. We noticed 
that skin lesions were provoked in porphyric rats, whose 
coats were shaved, by continuous irradiation by white light 
fluorescent tubes. Some porphyric animals, in which the 
coat was not shaved off as a control, excreted more por- 
phyrin when under continuous light than other control 
animals under continuous dark. This implicated light as an 
environmental factor effecting porphyrin metabolism. Por- 
phyrin excretion as a measure of abnormality, however. 
gave inconclusive results. Instead we have used the activity 
of hepatic 6-aminolaevulinic acid synthetase (ALA-S), the 
rate controlling enzyme in the haem biosynthetic pathway’, 
as an index of porphyrin abnormality. Normally, ALA-S 
activity is low, but where porphyria is present clinically or 
has been induced chemically in experimental animals, 
activity is raised”, We used {, 4-dihydro-2, 4. 6-trimethyl 
pyridine-3, 5-dicarboxylate (DDC) to induce porphyria: 
this chemical, like some other porphyrinogenic agents, such 
as griseofulvin, probably acts through interfering with a 
negative feedback inducing mechanism involving haem’. 
The ALA-S assay was performed on whole liver homo- 
genates’ from Sprague-Dawley rats weighing 200-300 g, 
We first found that normal rats taken straight from the 
animal house, after life-long exposure to natural cycles of 
night and day, had a mean value for hepatic ALA-S 
activity of 26.09 nmol ALA per g wet weight per h 
(s.d. +7.68). The effect of exposure on six males and six 
females to continuous light for 11 d, or on six males*and 
six females to continuous dark to I] d, made no significant 
difference to ALA-S activity. This was not so, however, 
when porphyria was induced by DÐC. Our final regime, 
which we shall call the light-dark-DDC regime, was as 
follows: days 1-8, food (FFG) (M) and water ad libitum: 
day 9, food and water ad libitum and DDC: day 10, food 





Nature Vol. 250 August 9 1974 





Table 1 Effect of light on rat hepatic ALA-S activity 
Male relat 

94.18 + 

63.78 £ 33.82 (18) f 





Light + DDC 
Dark +- DDC 


109.89 = 77.62 (17) f 





Mean ALA-S activity expressed in nmol per g wet weight per 
h 1 sd. Numbers in brackets are the numbers of animals. 
* Difference between light and dark treated, by ? test, 0.05 > P > 0.02. 
t Difference between light and dark P < 0. O01. 


and water ad libitum and DDC: day 11, hepatic ALA-S 
assay. The rats were kept either in continuous light or dark 
for 11 d. 

The, light source was an array of eight parallel 20 W 
Atlas “white” fluorescent tubes, luminous flux approxi- 
mately 1,000 lumens each, placed 25 cm above the cage 
floor containing six rats. The conditions of those animals 
kept in the dark were of photographic dark-room standard 
and the animals were only exposed to a few minutes of 
weak red light each day. The DDC was given by oesophageal 
tube as a 20% (w/v) suspension in arachis oil at a dose 
of 400 mg per kg body weight once daily on days 9 and 10. 

In the light-dark-DDC regime, continucus light led to in- 
creased ALA-S activity compared with continuous darkness: 
this was more pronounced in the female than in the male 
(Table 1). Control experiments in which rats were given 
arachis oil, without DDC, showed no difference in ALA-S 
activity between light or dark treatment. A preliminary 
experiment of similar design using mice and griseofulvin 
as the porphyrinogenic drug, gave the same results as for 
DDC; increased ALA-S activity by light: but the remain- 
ing experiments we report are confined to the female rat 
and DDC. 

To see if the stimulus for the above result might origin- 
ate in the retina, we investigated the effect of orbitectomy. 
The difference in ALA-S activity previously found in intact 
animals was now abolished (Table 2a). Activity to hepatic 
ALA-S in the light-treated orbitectomised group, however, 
differed significantly from that in the light-treated unoper- 
ated female group (Table 1). 

Oestrogens are known to be porphyrinogenic®, so we 
examined the effect of ovariectomy on rats in the light- 
dark-DDC regime. Again the difference between light and 
dark on hepatic ALA-S activity was abolished (Table 26). 

As the pineal gland has been implicated in the control of 
the reproductive system of the rat’, we next investigated 
the effect of pinealectomy. Sham operated controls had part 


i AAAA ln AA ieee R AANA TTT 
Table 2 Effect of various treatments on female rat hepatic ALA-S 


activity 
s C D: 148.57 + 67.89 (12) qa 
Dark + DDC: 150.15 <- 80.08 (11) J 
b, Ovariectomy f 1 
S Light DDC: 80.96 | 67.89(12)\ 4 
Operated | Dark + DDC: 126.32 = 37598) f 
anaq J Light DDC: 279.01 4 155.4911) 14 
Sham operated 4 Dark- DDC: 153.57 4 100.89 (10) f 
ce, Pinealectomy 
| f Light + DDC: 210.82 + 128.98 (12) $ 
After 7d | Dark + DDC: 134.37 © 60.52 (12) f 
sap f Light + DDC: 165.62 = 44.06 8) 1.4 
After 100d 4 Dark }DDC: 153.71 £75.71 ( 8) f 
sd ataa f Light} DDC: 187.53 = 74.05 (10)) © 
Sham operated ¥ {Dark DDC: 85.04 + $2,32( 9) f 





Values as in Table l. 

* Between light and dark, no significant difference (n.s.); between 
light-treated orbitectomised and light-treated unoperated female 
in Table 1, 0.02 > P > 0.01. 

f Between light and dark n.s,; between light-treated ovariectomised 
and lighj-treated normal group, P < 0.001. 

t Between light and dark treatment. 0.05 > P > 0.02. 

§ Between light and dark treatments, and between the 7 and 100 d 
past operative groups, n.s. 

' Between light and dark treatment, n.s. 


© Between light and dark treatment, 0.005 > P > 0.001. 
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of the calvarium and pia mater overlying the pineal gland 
removed but the gland was left intact and the wound 
sutured. In one group of pinealectomised rats, the light- 
dark-DDC regime was started 7 d later, in another group 
100 d after operation. (In the latter group, body weight 
range was 300-400 g). The results in Table 2c show no 
significant difference between pinealectomised animals, 
whether kept in the light or the dark, or whether pinealec- 
tomy was 7 d or 100 d before the light-dark-DDC regime. 
In rats, intact visual pathways are necessary for normal 
pineal activity and ovarian development*’, so light may 
act on haem biosynthesis in the liver via the retina, pineal and 
gonad. Preliminary results suggest that cycles of 8-12 h 
light and 16-12 h dark in the light-dark-DDC regime have 
much the same effect on ALA-S activity as continuous 
light compared with continuous dark, so that our results 
may be due to circadian fluctuations in some enzyme or 
other substance acting in the presence of oestrogen. 
Coproporphyrin has been demonstrated in the nervous 
system of birds, where it may play a part in the connection 
between photoperiodicity and reproductive function, 
Continuous darkness or continuous light has been shown” 
to alter the activity of two hepatic enzymes in rats, hexo- 
barbital oxidase and p-nitroanisole-O-demethylase. We now 
add evidence that abnormal hepatic metabolism may be 
under photic influences. The possible influence of environ- 
mental lighting on human hepatic porphyria should there- 
fore be borne in mind, although there is so far no 
evidence for it. 
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Biphasic effect of cyclic 
AMP on an immune response 


AGENTS which enhance intracellular adenosine 3’, 5’— 
monophosphate (cyclic AMP) level by inhibiting cyclic 
AMP phosphodiesterase activity can increase the number 
of antibody forming cells (AFC) in humoral immunity both 
in vivo’? and in vitro‘. Thus, cyclic AMP is a potential 
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Fig. 1 Effects of aminophylline on the anti-sheep erythro 
cyte response in vitro. Spleen cells from normal CBA/J mice. . 
were cultured in Eagle’s minimal essential medium contain- 
ing 10% foetal calf serum, in the presence of 0.01% sheep 
erythrocytes (SRBC). Each cultude initially contained 20x: 
10° spleen cells, and was carried out in triplicate in the. 
Diener-Marbrook culture system’? At the end of the 
exposure to aminophylline, the cells were washed by centri- 
fugation, and taken up in fresh medium for further culturing 
in the presence of antigen. Anti-sheep erythrocyte AFC were. 
determined at 120 h by the method described elsewhere™. 
The control cells (no aminophylline) were in each case. 
handled the same way as the experimental cultures. Numbers 
in parentheses indicate the viable cells, in millions, per cab 
ture at 120 h. There was no adjustment of cell numbers 
after exposure to aminophylline. Shaded columns: cells+~ 
medium +0.01% SRBC+1 mM aminophylline, unshaded 
columns: cells + medium +0.01% SRBC, $ 


mediator of immune induction. But the same agents, 
higher than optimal levels, can inhibit the AFC response”: 
Experiments have been done suggesting’ that enhanced —__ 
intracellular cyclic AMP is a mediator of immune paralysis, oe 
or tolerance. The apparently contradictory conclusions © __ 
drawn from these various experiments may be resolved if 

one considers a common kinetic feature of cyclic AMP 

responses to various agents, in lymphoid®* and in non- 

lymphoid®™™ cells; namely, that the rise in cyclic AMP. level 

is transitory, and the cyclic nucleotide level returns: to- 

control values after a few minutes or hours. A similar 
transient rise in cyclic GMP has been noted in phyto- 
haemagglutinin-stimulated peripheral leukocytes, where this 
nucleotide seems to mediate the blastogenic response to the 
mitogen". Thus, the same agents which might enhance an 
AFC response if present during the increased cyclic AMP 
phase, could inhibit the response if present during the sub- 
sequént phase of declining intracellular cyclic AMP. To 
see if this pattern was in fact part of an immune response 
in vitro, we performed experiments with sheep erythrocytes 
as immunising antigert, and varied the time of exposure: 
of the immunocompetent cells to the agents N°, 2’-O- 
dibutyryl cyclic AMP or aminophylline. When present only 
during the first 12 or 24 h of exposure to antigen, these 
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Table 1 Stimulatory effect of dibutyryl cyclic AMP requires that antigen be present 


Additives during first incubation 


(0-12h) 
SRBC only 98 a 
SRBC- ImM WW 
dibutyryl cyclic AMP 
Medium only 91%, 
1 mM dibutryl cyclic AMP 68 


Viability after first incubation 


Viable cells on day 4, « 107° Anti-SRBC AFC on day 4 


3.3 3,940 = 270 
4.1 16,990 =. 770 
4.4 3,100 -+ 200 


Gjat thet ARE aaa rA AAA A AAAA EN a Aa aa 
Conditions of culturing and assay were as indicated in Fig. 1, except that the first incubation only was performed in 60 = 15 mm plastic 
Petri dishes. Each culture was adjusted to contain 14 » 10° viable spleen cells after the first incubation. 


agents increased the number of AFC seen after 4 or 5 d of 
culture. But they inhibited the response if present during 
days 2 or 3. The effects of increasing intracellular cyclic 
AMP during the early period were twofold: (1) there was 
a delay in the arrival of cells at the antibody-secreting stage, 
and (2) the number of AFC at the optimal time was 
increased. 

Anti-sheep erythrocyte responses were generated in vitro, 
using unprimed spleen cells from CBA/J mice. Cells and 
antigen were incubated with various agents for different 
times, the cells were washed, and the AFC response 
measured after further culturing with antigen alone. The 
biphasic effect of aminophylline is shown in Fig. 1. When 
present only for the first 24 h at 1 mM this agent enhanced 
the AFC response observed on day 5 of culture. But it 
strongly inhibited the response if it was present at the same 
concentration for 24 h periods between 24 and 96 h. Similar 
patterns were observed with dibutyryl cyclic AMP. Neither 
agent had a significant effect if present only on the last day 
of culturing. The stimulatory level of both agents was 1 mM. 

The stimulatory effect of dibutyryl cyclic AMP was ob- 
served only when antigen was also present (Table 1). In 
this experiment, cells were exposed to dibutyryl cyclic 
‘AMP for the first 12 h, which produced a stimulation of 
the AFC response comparable to that observed after 24 h 
exposure to aminophylline or dibutyryl cyclic AMP. The 
stimulation was observed only if antigen was present 
simultaneously with the agent. In this experiment, as in 
the others described, the effects can be seen not to arise 
from differences in gross cell viability. 

We next examined the kinetics of the AFC response fol- 
lowing a 12 h pulse of either aminophylline or dibutyryl 
cyclic AMP. Cells were exposed to antigen and optimal 
levels of either dibutyryl cyclic AMP or aminophylline for 
12 h, washed, and cultured further with antigen alone. The 
numbers of AFC were determined at various times. During 
the first 2 d of culture, fewer AFC were found in the 
treated cultures than in controls. At later times, the num- 
ber of AFC increased rapidly to as much as six times con- 
trol values (Fig. 2). Aminophylline and dibutyryl cyclic 
AMP gave identical results, suggesting that they function 
identically, by inhibition of cyclic AMP phosphodies- 
terase(s). This ts the accepted mode of action of amino- 
phylline, and as other data suggest, of dibutyryl cyclic 
AMP as well”, 

Our data thus suggest that cyclic AMP plays a positive 
role in the first phase of an immune response, which ts the 
commitment of an antigen-reactive cell to the expression of 
its specialised function. In the second phase, which begins 
around 24-36 h, proliferation occurs ‘*. Since cyclic AMP 
seems to be antimitotic in lymphocytes as in other cultured 
cells’*"*, one should expect that inhibiting cyclic AMP phos- 
phodiesterase activity at this time would inhibit the onstt of 
proliferation. It has in fact been observed that the cyclic 
AMP levels in synchronised lymphocytes are highest in GI 
and G2 phases, and at S phase and mitosis the levels are 
only about 20% of the G2 level”. This model is consistent 
with the day 2 and day 3 inhibitory effects that we observed 
Other work suggests that the proliferative phase may depend 


Saar. 


on elevated cyclic GMP levels 
purine nucleotides vary inversely. 

Watson et al’ have demonstrated a time dependent, 
antigen independent inhibitory effect of dibutyryl cyclic 
AMP on immunocyte functioning. An interesting observa- 
tion was that cyclic GMP reversed the cytotoxic effects of 
dibutyryl cyclic AMP. We also observed cytotoxic effects 
of incubating cells with dibutyryl cyclic AMP (Table 1) but 


, and that the two cyclic 
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Fig. 2 Kinetic analysis of the effects of cyclic AMP phos: 
phodiesterase inhibitors on the anti-sheep erythrocyte AFC 
response. Spleen cells were exposed to the agents indicated 
for the first 12 h in 60x 15 mm Petri dishes. They were then 
transferred to the usual Diener-Marbrook culture flasks, and 
cultured in quadruplicate until the times indicated. Each 
culture was adjusted to contain 11 x 10° viable cells at the 
end of the 12 h period. Because of lower viability in treated 
cultures (Table 1), these represent 30-40%, more starting 
cells than do the controls. The numbers in parentheses 
indicate the number of viable cells, in millions, per culture 
at dav 5. Vertical bars give the standard errors of the means 
for the control and dibutyryl cyclic AMP treated cultures 
{the aminophylline treated values had similar standard errors 
to the latter) (@) untreated cells, given the same wash and 
incubation procedure@ (A) cells treated with 1 mM dibutyryl 
cyclic AMP for 12 h first; (à) cells treated with | mM 
aminophylline for the same period. Antigen was present 
* throughout the culture period, including the first 12 h, m 
all flasks. 
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these were smaller than the effects reported by Watson et 
al., perhaps because of differences in cells (CS7BL/6 com- 
pared with CBA/J) or culture conditions. At any rate, they 
were not large enough to obscure our key finding, the anti- 
gen dependent stimulatory effect of cyclic AMP phospho- 
diesterase inhibitors at early times of immune induction. 
Preliminary experiments in our laboratory show that these 
agents act in a similar manner on a T cell independent 
antigen, the polymerised flagellin from S. adelaide. Our 
conclusions agree with those of Watson et al. inasmuch as 
the phase one (commitment) to phase two (proliferation) 
switch is inhibited by cyclic AMP, but add to them the 
important observation that an early enhancement of cyclic 
AMP increases the number of AFC observed at much later 
times. If the assumption that aminophylline and dibutyryl 
cyclic AMP elevate intracellular cyclic AMP levels is 
correct, the present work supports a model of primary 
immune induction in which a temporally limited rise in 
cyclic AMP is an early positive signal followng antigen 
recognition. Immune paralysis might follow if the cells 
concerned were unable to reduce the pulse of cyclic AMP 
to levels consistent with cell cycling. 

A preliminary report’® describes a similar pattern of effects 
of cyclic AMP enhancing agents in an in vivo immune 
response to sheep erythrocytes. In that system, an early rise 
in cyclic AMP appears to be followed by its return to 
normal levels by I h. 

An inhibitory effect of exogenously added cyclic AMP 
on the anti-sheep erythrocyte response in vitro has been 
observed by others”. We have not been able to affect the 
immune response in any way by adding up to | mM cyclic 
AMP itself to cell cultures. It is perhaps not surprising 
that at least under some conditions this nucleotide is with- 
out effect, since the half life of cyclic AMP in rat thymo- 
cyte cultures is less than 30 min, and no exogenously added 
cyclic AMP enters the cells”’. 
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Shiozawa for discussion. The work was supported by MRC 
(Canada) grants to the Transplantation Immunology Group 
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Plasma cell surface antigen 
on human blood lymphocytes 


THERE is considerable evidence that lymphocytes bearing 


immunoglobulins on their surfaces are present in the: 
peripheral blood of various animal species as well as man’ ee 
Takahashi er al.‘ indicated that neoplastic, as well as- 
normal mouse plasma cells, contained specific surface 
alloantigens. These plasma cells do not, however, contain 
surface immunoglobulin determinants’. Harris et al" 
demonstrated that neoplastic plasma cells of the mouse 
could be used to prepare specific antisera against normal 
plasma cells. These anti-plasma cell sera (APS) were found 
to suppress specifically primary and secondary humoral. 
immunity without apparently affecting cellular immunity.. 
Recently, we established a long term culture of human. 
plasma cells* from a localised plasmacytoma tumour of a 
patient with multiple myeloma. The cultured cells mor- 
phologically resembled plasma cells, and they secreted an 
IgG immunoglobulin antigenically identical to the patient’s 


myeloma protein. Using cells from this source, an anti- ae 
human plasma cell serum (HuAPS) has been prepared — 


which recognises a surface antigen on human plasma cells. 
Human plasma cells from the long term cell line* were 
injected into rabbits in the same manner as in the prepara- 





Table 1 Effect of APS on mitogenic response of human lymphocytes. 





In vitro assay No. studied cpm. % reduction: 
Cells alone 8 1,29 | 
Cells and PHA 9 293,660 

Cells and PHA and APS 6 277,863 5 
Cells and PWM 9 175,427 

Cells and PWM and APS 5 97,325 45 





tion of rabbit anti-mouse plasma cell sera". The HuAPS 
was absorbed extensively with lymphoblast cell line RPMI 
4098, which was chosen because it has been used for the 
preparation of anti-human lymphocyte globulin with potent 
T lymphocyte immunosuppressive activity’. Immuno- 
absorbents were used to purify the HuAPS further. The 
HuAPS was passed through an immunoabsorbent column 
prepared by conjugating human 
Sepharose 4B by cyanogen bromide activation. 


Ten to twenty millilitres of venous blood was collected = 


from each subject, all of whom were laboratory personnel. 


Ficoll-Hypaque density centrifugation, as modified from i 


Boyum‘, was used to prepare a relatively pure population 
of fymphocytes. In some cases, contaminating red cells were 
lysed by Tris-buffered ammonium chloride. 

Human peripheral blood lymphocytes were cultured by 
the micro method of Hartzman er al.” using 2 x 10° 
lymphocytes per well in Falcon microtest plates. AB+ 
serum was used in a 25% concentration with HEPES- 
buffered RPMI 1640 media. Cells were either incubated 












immunoglobulins to 
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Table 2 Percentage of human blood lymphocytes with membrane antigens 





IgG IgM IgA Plasma cell Agt 
Source of cells mean/range mean/range mean/range mean/range 
Normal human adults 14.8/6.1-29 (13)* 5.7/2-13 (8) 4.8/1-10 (8) }2 (7-18 (23) 
Control in vitre culture 6.3/4-9 (5) 1.5/0-3 (4) 1.8/0-7 (5) 16.9/5-38 (9) 
PHA in vitro culture 5.5/4-7 (4) 6.0/4-10 (4) 2,3/0-7 (4) 17.5/12-29 (7) 
PWM in vitro culture 14.7/10-20 (5) 2.7/0-8 (5) 2 /0-7 (4) 39 (20-58 (9) 





* Figures in parentheses indicate No. of individuals studied. 
t Plasma cell surface antigen. 


alone, with phytohaemagglutinin (Difco, PHA-P, No. 
3110-56, 24 per culture); with pokeweed mitogen (Gibco, 
PWM, No. 536, 2A per culture), with PHA plus HuAPS, 
or with PWM plus HuAPS. The concentration of HuAPS 
was 2A per culture. This was observed to be noncytotoxic. 
After 4 d of growth, 1 wCi of “H-thymidine (specific activity 
4.9 Ci mmol’) was added to each culture. Quintuplicate 
cultures from each donor were collected 4-6 h later using 
glass fibre filter paper precipitation. Filter disks were 
counted in a Packard Tri-carb liquid scintillation counter. 
~The uptake of “H-thymidine was expressed as c.p.m. Table 
“| shows that HuAPS had no effect on human peripheral 


blood lymphocyte response to PHA, a known T-lymphocyte 


- “mitogen”. HuAPS, however, depressed the PWM res- 
ponse approximately 45%. This was significant for the fol- 
lowing reasons. (a) PWM is a mitogen for both T and B 
‘lymphocytes. (6) Cells which appear morphologically to be 
‘plasma cells form after PWM stimulation. (c) Immuno- 
globulin synthesis is enhanced by PWM (refs 13, 14). 
‘Therefore, it seems likely that HuAPS in the study reported 


g here was blocking a B lymphocyte response. 


"of blood Ivmphocytes with membrane tabel 
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Membrane antigen 


Fig. 1 The membrane staining characteristics of human peri- 

pheral blood lymphocytes and cultured lymphocytes from the 

same individual. Dotted columns, normal peripheral blood 

lymphocytes; solid columns, control in vitro culture: hatched 

columns, PHA i vitro a open columns, PWM in vitro 
culture. 


Blood lymphocytes with membrane-bound immunoglobu- 
lins or with membrane-bound plasma cell antigen were 
detected by immunofluorescence’. Cells with membrane- 
bound immunoglobulin were enumerated by using fluores- 
cein-conjugated goat anti-human IgG, goat anti-human IgM 
and goat anti-human IgA (all from Cappel Laboratory). 
Before use, these conjugates were absorbed with cell line 
RPMI 4098 and with cultured plasma cells. These conju- 


gated antisera were then diluted 1:2 and used to stain blood 
lymphocytes directly. Those used in double-labelling studies 
with the HuAPS were also absorbed with rabbit sera. For 
the enumeration of plasma cells, indirect fluorescent staining 
was used, with either fluorescein or rhodamine-conjugated 
goat anti-rabbit IgG (Cappel Laboratory). Both conjugated 
goat anti-rabbit preparations were purified by passage 
through an immunoabsorbent column conjugated with 
human serum, and by absorption with human peripheral 
blood lymphocytes. 

To ensure that the HuAPS did not react with membrane- 
bound immunoglobulins, a blocking experiment was per- 
formed. The lymphocytes were incubated with unlabelled 
goat anti-human immunoglobulins before staining with 
rabbit anti-human plasma cell serum (HuAPS) and fiuores- 
cein-conjugated goat anti-rabbit IgG. In addition, double- 
labelling studies were performed in which the cells were 
treated sequentially with HuAPS, rhodamine-conjugated 
goat anti-rabbit IgG and fluorescein-conjugated goat anti- 
human IgG, IgM or IgA. Because of a possible peculiarity 
of the surface binding sites, the order of the procedure was 
reversed. Fluorescein-conjugated goat anti-human IgG, IgM 
or IgA was used first, followed by unlabelled HuAPS, and 
then by a rhodamine-conjugated goat anti-rabbit IgG. 

The frequency of blood lymphocytes with membrane- 
bound immunoglobulins from normal individuals was similar 
to those reported previously” '* (Table 2). It was also found 
that the number of lymphocytes with membrane-bound 
immunoglobulins in PHA or PWM-treated cultures either 
remained unchanged or decreased. Approximately 12% of 
peripheral blood lymphocytes had the plasma cell antigen. 
Ring staining and cap staining patterns were observed for 
both surface immunoglobulins and the plasma cell antigen. 
During the mitogenic response of human peripheral blood 
lymphocytes to PWM, there was an increase in the number 
of cells exhibiting the plasma cell surface antigen (Table 2). 
Figure | is a representation of an individual’s typical 
membrane-staining distribution for immunoglobulins and 
plasma cell antigens on lymphocytes which were or were 
not exposed to mitogens. 

The relative frequency of fluorescein-stained cells did not 
change when the cells were pretreated with unlabelled goat 
anti-human immunoglobulin. From the double-labelling 
studies, no cell was found with both the plasma cell surface 
antigen and the membrane-bound immunoglobulin. There- 
fore, I concluded that the plasma cell antigen did not cross 
react immunologically with surface immunoglobulin mole- 
cules. The blocking and double-labelling studies also support 
the concept that the plasma cell antigen is a distinct antigen 
on the surface of a significant number of peripheral blood 
lymphocytes; however, it is not known whether the antigen 
is expressed on nonlymphoid cells. 

The observations of Takahashi et al.‘ and Harris er al.®" 
led to the assumption that neoplastic human plasma cells 
could have antigens in common with normal human plasma 
cells. My study indigates that an anti-human plasma cell 
serum prepared against cultured human neoplastic plasma 
cells seems to have antibody activity against some normal 
Human blood lymphocytes. (a) Stimulation with PWM, an 
agent which affects B and T lymphocytes’ was depressed 
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to the same extent that rabbit anti-mouse plasma cell sera 
modified the mouse system (unpublished observations), 
whereas, stimulation with PHA, a mitogen which affects 
primarily T lymphocytes" was not affected. (b) Immuno- 
fluorescent examination showed that a population of blood 
lymphocytes had the plasma cell antigen, even though these 
cells do not resemble plasma cells morphologically. This is 
not surprising, however. Previous studies’ demonstrated that 
cultured plasma cells in spinner culture maintain the 
morphology of lymphoblasts. When transferred to Falcon 
tissue culture flasks, they assumed the typical configuration 
of plasma cells. Thus motion seemed to change the cultured 
plasma cell from a lymphoid appearance to a typical plasma 
cell morphology. Circulating plasma cells may not be recog- 
nised in multiple myeloma. Most patients examined had 
90° or more plasma cells in their bone marrow. It is rare 
to find morphologically typical plasma cells in their peri- 
pheral blood, but metastatic plasma cell lesions are common. 

As well as finding circulating blood lymphocytes with a 
plasma cell antigen, | have demonstrated that cells bearing 
the plasma cell antigen increased as a result of PWM stimu- 
lation. Since the number of immunoglobulin-bearing cells 
either decrease or remain the same in such cultures, it seems 
possible that the plasma cell surface antigen could develop 
as a consequence of stimulation of a certain population of 
B lymphocytes. This might suggest that the immunoglobulin- 
bearing cells are precursors of plasma cells. Future studies 
must examine the relationship between cytoplasmically 
stained immunoglobulin-containing cells and those cells 


bearing the plasma cell antigen on their surfaces. Another — 


possibility is that plasma cell precursors migrate from the 
bone marrow into the peripheral blood. These blood-borne 
cells are then influenced to undergo further morphological 
changes and functional differentiation in the microenviron- 
ment of the peripheral lymphoid tissue and are conse- 
quently recognised as plasma cells. 

This work was supported by the Shriners Burns Institute 
and a Damon Runyon grant. I thank Dr Armond Goldman 
for helpful suggestions, and Mrs Robert Sewell for technical 
assistance. 
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Linkage and rearrangement of genes 
encoding mouse immunoglobulin heavy chains 


THE study of the genetic control of immunoglobulin synthesis 
has been greatly hampered by the difficulty of detecting indivi- 
dual genes encoding variable regions (V genes). The distinctio 
by allotypy of several V-gene loci in the rabbit is useful, but 
genetic studies on this species have obvious disadvantages. The 
discovery in inbred mice of crossreactive idiotypes'* and of | : 
their polymorphic expression® allows a new approach to the oe 
genetic analysis of mouse immunoglobulins. The results 
presented here suggest that idiotypes may serve to distinguish 
individual V-gene loci within the mouse heavy chain linkage —__ 
group and to detect recombinations between them. | e - 

We have investigated linkage relationships between two | 
mouse antibody idiotypes, termed ARS (ref. 3) and ASA (ref. 4), 08 
both of which are linked to the strain A/J Cy, allotype Ig-l.e | 
(refs 7-9). Idiotype ARS is associated with antibodies to. the 
p-azophenylarsonate hapten, produced in all A/J mice®? 
whereas idiotype ASA is associated with antibodies to Grou 
streptococcal carbohydrate (A-CHO), produced in 94% o 
micet’, It is therefore proposed that strain A/J antibodies 
these antigens are at least in part controlled by the Fu g 
loci ARS+ and ASA-+-, respectively. Strain BALB/cJ ded: a) 
antibodies to both antigens lack these idiotypes’*. As was 
expected from the previously established linkage of each of the 
idiotypes to the same Cy allele’®, the results confirm that. the 
two idiotypes are specified by linked genes. 

We were fortunate to encounter a backcross mouse which 
was phenotypically suggestive of a recombination betw 
A/J Vy genes and BALB/cJ Cu genes’. This permitted. 
investigate whether or not ARS + and ASA+ map at the 
position within the A/J heavy chain linkage group. The ba 
cross mouse, referred to as BB47, was identified as the o 
ASA positive mouse among 16 Ig-l.a/a homozygous prog 
from an (A/J x BALB/cJ)F, x BALB/cJ mating’. The associ: 
tion of the ASA idiotype with the Ig—l.a allotype, suggesting a 
new linkage of A5A+ with Ig-l.a, has not been observed — 
among more than 100 BALB/cJ mice, and has not been found . 
again among 57 additional backcross segregants tested. $ 

We ascertained the allotype and the presence or absence of 
two idiotypes in individual mice. Allotypes were determined 





















Table 1 Linked segregation of ASA +, ARS+- and Ig—l.e in (AJJ x 
BALB/cJ)F, x BALB/cJ ee mice 





Mouse, Sex, No. Ig-1 ASA* ARS? | 4 
I. Litter 31 aja a a! oe 

$2 aje +4 maar 

33 aja —— aaa 

S a je wpe mde oe -} 

35 a/e he, cts E 4. 

Fl aje 1 EF 

2 aje EPF deg 

23 aje +++ + 

O4 a/e ++ + 
2. Litter Ji aja — a 

$2 a/e “bf ++ 

3 aja 2s e 

3 aja ee -= 

3 2 aja = ae 

F aja =E cy 

34 aje + ++ 

23 a/e Ei Per 

F4 aja = vas | 

9 afe tar TF : 
NT a ee eR ee ee eh eee er ee eo 

*e : <0.2 ug ASA idiotype mi”. z 


: 40-100 ug idiotype mi 
: 100-250 ug idiotype ml. 
: > 250 ug idiotype ml>. 


+ — : <50% inhibition by >5 pl of antiserum 
+5 > 50°? inhibition by 0.2 a of antiserum 

Pa SS 70% inhibition by 0.2 pi of antiserum 
+++ : >90% inhibition by 0.2 ul of antiserum 












reviously ‘described’. The determination of a ARS 
and ASA used indirect radioprecipitin inhibition tests, using 
rabbit anti-idiotypic antisera for ARS (ref. 3) and guinea pig 
anti-idiotypic antisera for ASA (ref. 8), respectively. Hyper- 
immune serum samples were tested for inhibitory capacity in at 
least three dilutions. Antibodies to A-CHO were determined 
by a modified Farr assay* and the presence of antibodies to the 
-= peazophenylarsonate group was determined by agar diffusion 
~ analysis, 

First we had to establish that A/J antibodies to phenylar- 
sonate do not idiotypically crossreact with A/J antibodies to 
A-CHO and vice versa. Sixteen individual anti-phenylarsonate 
antisera were tested for their capacity to inhibit ASA idiotypic 

_.- binding and 19 individual anti-A-CHO antisera were tested 
->for their capacity to inhibit ARS idiotypic binding. Whereas 
-= each of these antisera was strongly inhibitory of its corres- 
ia ponding idiotypic binding system, less than 10% inhibition 

§ obtained in the heterologous idiotypic binding systems, 

rup to 20 ul of each undiluted antiserum. This shows the 
bsence of idiotypic cross reactivity between strain A/J anti- 
ies to phenylarsonate and to A-CHO, respectively, and 
nabled us to determine both idiotypes in individual mice which 
were successively immunised with both antigens. 











oe Table 2 Segregation of ASA+ in BB37 x BALB/cJprogeny and its 
l | dissociation from ARS+ 





lating 
BBS T x P BALB/cJ} 
cF. Litter gi 











04 a/a — 
%5 a/a — 


o See footnotes to Table 1. 
_ {The BALB/cJ female was the same in both matings. 
{56% inhibition with 10 pl of antiserum, doubtful typing. 


In a second experiment, a number of (A/J x BALB/cJ)F, x 
S : BALB/cJ backcross mice, which will be referred to as ABB 
oy mice, were tested for allotype and for both idiotypes. ABB 
Mice were bred in Cologne from A/J and BALB/cJ mice which 
- were obtained from the Jackson Laboratory, United States. 
t 8—10 weeks of age the mice were bled and allotyped. 
ubsequently, the mice received one course of injections with 
iroup A. streptococci‘. The anti-A-CHO antisera resulting from 
immunisation were allotyped and then idiotyped im the 
SA idiotypic binding inhibition assay. After 8-10 weeks, the 
ice ‘were immunised with KLH-p-azophenylarsonate as 
previously described’. The anti-phenylarsonate antisera result- 
-ing from this immunisation were allotyped and then sent to 
= Chicago for idiotyping i in the ARS idiotypic binding inhibition 
assay. All experiments were done blind: the source and allotype 





Table 3 “Expression of ARS + ma ASA+ antibodies in various 
inbred strains 








Strain fg-} ARS ASA 
A/J | e -+ + 
A/He* e + -} 
AL/N d = — 
CAL-20F | d + a 
RF/J i ~ -} 





*These mice were immunised for ASA typing by M. Cramer, Basel 
Institute for Immunology. 

+These mice were given to us by Drs M. Potterand A Mushinsky, 
N.LH. 


of transferred serums amples were unknown to the investigator 
performing idiotype analysis. 

Table 1. shows the results from allotyping and idiotyping 
19 ABB mice. Among three successive allotype determinations 
on each mouse no discrepancy was observed, so that the 
allotypes can be taken as a true reflection of the Cu genotype 
for each mouse. All I! /g-l.aje heterozygotes express. ARS 
as well as ASA, whereas all eight /g—1.a/a homozygotes express 
neither of the two idiotypes. This confirms the linkage between 
ARS, ASA+ and Ig~l.e in the A/J heavy chain linkage 
group. The question remains as to whether ARS- and ASA -+ 
are controlled by a single gene or by different genes. 

Therefore, in a third experiment, progeny of aBB47 x BALB/ 
cJ mating were allotyped and idiotyped in the same way as were 
the ABB mice. We included as a control another litter from the 
same BALB/c] female sired by BB¢I, an Ig—l.a/a homo- 
zygous, but ASA negative (that is non-recombinant) brother 
of BB37 (ref. 9). The results are shown in Table 2. All of the 
13 offspring from BB37 were /g—1.a/a homozygous, confirming 
the Jg~l.a/a homozygosity of BB37. Six of the 13 mice clearly 
expressed idiotype ASA and thus had inherited the 454 +-- 
Ig-\.a haplotype of BB37. Seven of the 13 mice were ASA 
negative and had inherited the ASA-— — Ig—l.a haplotype of 
BB37. In contrast, with one doubtful exception, all of the 13 
mice were negative for the ARS idiotype, suggesting that the 
ASA+ ~ Ig-l.a haplotype does not contain the ARS-+ gene. 
The data on the BBJI offspring confirm that the A5A + — 
lg—\.a haplotype was indeed inherited from BB37. 

The results are consistent with the view that, in the heterozy- 
gous parent of BB37, ASA- was separated by crossover from 
ARS~+- as well as from Ig—1l.e, and became linked by recombina- 
tion to Jg—l.a of the BALB/cJ chromosome. In this case, ARS + 
would map between A5SA+ and /g—l and the crossover had 
occurred between two distinct Vu gene loci. The alternative 
explanation is a mutation in the BALB/cJ Vy, genes from 
ASA— to ASA+, without ARS— being affected. Such a 
mutation occurring in one cistron encoding both AS5A— and 
ARS— Vy regions would be unlikely. Therefore, in the case of a 
mutational event, the data would be indicative of multiple Vy, 
gene loci in strain BALB/cJ. 

Though a mutational event is not ruled out, the case for two 
different germ line Vu gene loci for ARS+ and ASA+ is 
supported by the association of ARS-+- and ASA- -H antibodies 
with several distinct /g-1 genotypes (Table 3). Strain AL/N 
and its Jg—1 congenic strain CAL-20 express ARS- but do not 
express A5A +, whereas strains A/J and A/He express both 
idiotypes, and strain RF/J expresses ASA~- only}. The separate 
as well as joint expression of these idiotypic markers in different 
inbred strains, together with their dissociation in the BB<+7 
progeny, strongly suggests that A5A and ARS map at different 
positions in the mouse heavy chain linkage group, and thus 
represent separate gene loci. 

This seems to be the first demonstration of two distinct 
germ line Vy genes controlling distinct antibody specificities. 
The data suggest that the establishment of recombinant inbred 
Strains from mice such as BB$7, and their investigation with 
multiple idiotypic markers, may reveal considerable informa- 
tion on the chromosomal arrangement of antibody genes. 


Nature Vol. 250 August 9 1974 


This work was supported by Sonderforschungsbereich 74 
and by a grant from the National Institutes of Health. 


KLAUS EICHMANN 
Institute for Genetics, 
University of Cologne, 
Cologne, West Germany 
AMAR S. TUNG 
ALFRED NISONOFF 
Dept. of Biological Chemistry, 
University of Illinois at the Medical Center, 
Chicago, Illinois 


Received April 16; revised May 17, 1974. 


1 Cohn, M., Notani, G., and Rice, S. A., Jmmunochemistry, 6, 
111--129 (1969). 

3 Bice M., and Liebermann, R., J. exp. Med., 132, 737-754 
1970). 

3 Kuettner, M. G., Wang, A. L., and Nisonoff, A., J. exp. Med., 
135, 579-592 (1972). 

4 Eichmann, K., Eur. J. Immun., 2, 301-307 (1972). 

8 Sher, A., and Cohn, M., Eur. J. Immun., 2, 319-327 (1972). 

6 Blomberg, B., Geckeler, W. R., and Weigert, M., Science, 177, 
178-180 (1972). 

7 Pawlak, L. L., Mushinski, E. B., Nisonoff, A., and Potter, M., 
J. exp. Med., 137, 209-224 (1973). 

8 Eichmann, K., J. exp. Med., 137, 603-621 (1973). 

° Eichmann, K., and Berek, C., Euro. J. Immun., 3, 599-601 (1973). 

19 Herzenberg, L. A., McDevitt, H. O., and Herzenberg, L. A., A. 
Rev. Genet., 2, 209-238 (1968). 

11 Pawlak, L. L., and Nisonoff, A., J. exp. Med., 137, 855-869 (1973). 


aT LS TE a a a 





Interaction of paramyxovirus with erythrocyte 
membranes modified by concanavalin A 


THE envelopes of paramyxoviruses have neuraminidase, 
haemagglutinating, haemolytic and fusion activities. The 
interrelation of these activities is poorly understood. 

Burnet and Lind’ studied the interaction of Newcastle 
Disease virus with several species of mammalian and avian 
erythrocytes and found most of the cells susceptible to 
haemagglutination and haemolysis except horse erythro- 
cytes, which agglutinated poorly and resisted haemolysis 
by the virus. Horse erythrocytes are also not susceptible to 
haemagglutination by Haemagglutinating Virus of Japan 
(HVJ: Sendai virus) (refs 8-10 and our own observations). 
It can be assumed that horse erythrocytes have no specific 
receptor for the viral haemagglutinin and/or haemolysin”™. 

Yamakawa" reported that horse erythrocytes had no 
detectable amounts of N-acetyl-neuraminic acid either in 
the glycolipid fraction or in the residue extracted exten- 
sively with organic solvent. Instead, they were found to 
contain N-glycolyl-neuraminic acid exclusively. It is well 
known that erythrocytes from which the neuraminic acid 
residue is removed by the action of the so-called receptor 
destroying enzyme (neuraminidase) are completely resistant 
to agglutination and haemolysis by myxo and paramyxo- 
viruses. These facts clearly indicate that the receptor 
for the viruses contains the neuraminic acid residue. 
N-glycolyl-neuraminic acid may not have a role as a Virus 
receptor. 

The initial interaction of virus with host cell membrane 
may be that between viral haemagglutinin and the receptor 
containing N-acetyl-neuraminic acid. It is not known 
whether this binding of the virus with host membrane is 
essential for the subsequent haemolysis or fusion. It would 
be of special interest, therefore, if HVJ proved to have 
haemolytic activity when the virus was artificially adsorbed 
on horse erythrocytes. In this report, we shall show that 
horse erythrocytes treated with concanavalin A (con A) are 
able to interact with HVJ and to be haemolysed. 


Sil 


4100 





HA in supernatant (24) 


Haemolysis ("5) 





0 | 2 3 4 5 


Concentration of Con A (ug ml” ?) 


Fig. 1 Adsorption (A) and haemolytic activity (O) of HVJ | 
to horse erythrocytes treated by various concentrations of © 
con A. Aliquots of con A solution were mixed with equal — 
volumes of 2%, horse erythrocyte suspension in phosphate- : 
buffered saline (pH 7.2). The concentration of con A added 
was expressed as final concentration, After the treatment . 
with con A at 0° C for 4 h, whole mixtures were directly., 
used without washing, since non-reacting free con A was not 
detected at the doses used through the present experiment. . 
For the adsorption experiment, 0.1 ml of the virus suspen- 
sion (4,000 HA per 0.5 ml) was mixed with 0.9 ml of intact. 
and con A-treated horse erythrocytes. After incubating for . 
2 h at room temperature, HA titre remaining in the super- 
natant of centrifugation (1,500g, 5 min) was determined. 
For the haemolysis experiment, 0.5 ml of the same virus 
suspension (10,000 HA per 0.5 ml) was mixed with 0.5 ml of 
the same preparation of con A-treated cells as used in the 
adsorption experiment. After incubation of the mixtures for 
2h at 36° C, the optimum density of clear supernatant 
obtained by centrifugation (1,500g, 5 min followed by 
80,000g, 15 min) was determined photometrically (at 541 nm). - - 
Control lysis of con A-treated horse erythrocytes without 
HVJ was also determined (—@—»). Activities were expressed 
as a percentage of original HA titre or complete haemolysis 
obtained by hypotonic treatment, 





HVJ was highly purified by differential centrifugation, 
sucrose density gradient centrifugation and finally by gel 
filtration through a Sepharose 2B column. Fractions in void . 
volume were collected. The pooled fractions were finally — 


concentrated in a reduced volume of phosphate-buffered 
saline by pelleting at 60,000g for 30 min. The viral sample __ 
was exposed to freezing-thawing two or three times to” 


activate the haemolytic activity’. The treatment of horse 
erythrocytes with con A is described in Fig. 1. Horse erythro- 


cytes were purchased as stored blood and used within 3 i 


weeks. The haemagglutinating titre (HA) was routinely 
determined with chicken erythrocytes. The degree of adsorp- 
tion of HVJ on con A-treated horse erythrocytes was esti- 
mated by titration of the HA remaining in the supernatant 
after the incubation mixture was centrifuged at low speed. 
An aliquot of the suspension of con A-treated horse eryth- 
rocyte (0.9 ml) was incubated with 0.1 ml of HVJ (4,000 
HA per 0.5 ml) for 2 h at room temperature. Haemolytic 
activity of the virus was assayed as follows: an adequate 


dilution of HVJ and the same volume of con A-treated e 


horse erythrocytes were mixed and incubated at 36°C for 2 
h. After the incubation, nonhaemolysed cells were removed | 
by sedimentation at 1,500g for 5 min. The supernatant thus . 
obtained was further centrifuged at 80,000g for 15 min to 
remove viral particles. Haemolysis was measured by reading 
optical density at 541° nm of the final supernatant. For the 
inhibition experiment of virus-induced haemolysis by sugars, 
the mixture containing con A-treated horse erythrocytes 
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Fig. 2 Haemolysis of con A-treated horse erythrocytes by 
varying titres of HVJ. Viruses (32,000 HA per 0.5 ml) were 
diluted with the phosphate-buffered saline by twofold serial 
dilution of 0.5 ml. Horse erythrocytes were treated with 
con A at the final concentration of lug ml-'. Suspensions of 
con A-treated horse erythrocytes (0.5 ml) were added to each 
dilution of the virus and haemolysis was assayed by the 
same procedure as in Fig. 1. 


and a monosaccharide was preincubated at 4°C for 30 min. 
Adequate dilutions of HVJ were added to the mixture and 
further incubated at 36°C for 2 h. The haemolysis was 
assayed as described above. A plasma membrane fraction 
was prepared from intact and con A-treated horse erythro- 
cytes by hypotonic haemolysis. The membrane pellets finally 
obtained were resuspended in a small volume of phosphate 
buffered-saline. For the electron microscopic observation, 
samples were negatively stained with phosphotungstate 
(pH 6.0). 

The adsorption of HVJ on con A-treated horse erythro- 
cytes and the subsequent haemolysis are shown in Fig. 1. 





Fig. 4 Electron microscopic observation of adsorption of 
HVJ on plasma membrane derived from intact and con 
A-treated horse erythrocytes. Con A-treated horse erythro- 


100 


cytes (final concentration of con A: 5 yg ml-') were 
O prepared as described in the legend to Fig. 1. Plasma 
g membranes were prepared by the following procedure. Ten 
millilitres of intact and con A-treated horse cells were 
diluted in 30 ml of distilled water and sedimented at 1,500g 
for $ min. The pellets obtained were washed three times with 
phosphate-buffered saline and were resuspended in 0.1 ml of 
phosphate-buffered saline. The suspension was mixed with 
re) 0.1 ml of HVJ (5,000 HA per 0.5 ml) and the mixture was 
incubated for 30 min at room temperature, After washing 
three times with phosphate-buffered saline to remove non- 
ĝ adsorbed virus particles, the samples were stained with 
phosphotungstate (pH 6.0), a, Plasma membrane from an 
intact horse cell; 6, a con A-treated horse cell. Scale: 

x 1,000 nm. 


Inhibition of haemolysis (°,) 
LA 


Intact horse erythrocytes showed negligible interaction with 
HVJ and were not susceptible to viral haemolysis. With the 
increase in con A concentration, the HA titre remaining 
in the supernatant decreased, which indicated that more 
viruses were adsorbed on the cells. The susceptibility of 
cells to haemolysis increased in parallel with the increase of 
adsorption of the virus on the con A-treated cells. The 
degree of haemolysis reached a plateau at 1 ug ml‘ con A 
although higher concentrations of con A caused more HVJ 
to adsorb on to the cells. The haemolysis was also shown to 
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Fig. 3 Inhibitory effect of monosaccharides on haemolysis 
of con A-treated horse erythrocytes by HVJ. Horse 


erythrocytes were treated with con A at the final concentra- 
tion of 1 ug mi-' as described in the legend to Fig. el. 
Con A-treated cells (0.5 ml) were mixed with 0.25 ml of 
solutions containing various amounts of (©), a-methyl-p- 
mannoside; (^), a-methyl-p-glucoside: (x), D-mannose. 
After incubating the mixtures at 4° G for 30 min, 0.25 ml 
of HVJ suspension (10,000 HA per 0.5 ml) was added. 
Haemolysis was assayed after incubating 2 h at 36° C. The 
degree of inhibition was expressed as a percentage of the 
haemolysis without sugars. 


be dependent on virus doses. The maximum haemolysis was 
obtained at a titre of 10,000 HA per 0.5 ml (Fig. 2). The 
control haemolysis of con A-treated horse erythrocytes was 
almost negligible without HVJ even at the highest concen- 
tration “of con A (Fif. 1). These results suggest that the 
haemolysis may be due to the direct action of the HVJ virion 
og the erythrocyte membrane. Influenza viruses which had 
no haemolytic activity showed almost the same ability to 
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bind to con A-treated horse ery hrocytes as HVJ, “though 
the cells did not reveal detectable haemolysis. This fact may 
exclude the possibility that con A treatment makes the cells 
fragile and enhances nonspecific lysis due to the attachment 
of viral particles. 

_ The effect of con A on horse erythrocytes described above 
was shown to be influenced by typical inhibitors of the plant 
agglutinin (Fig. 3). a-Methyl-p-mannoside showed the most 
potent inhibitory activity against the virus-induced haemo- 
lysis, while a-methyl-p-glucose and p-mannose showed 
much weaker inhibitory activity. It seems that the inhibition 
of haemolysis by a monosaccharide results from blocking 
the adsorption step of virus on to blood cells, since the 
degree of adsorption of the viruses was affected by those 
inhibitors (not shown in the figure). The pattern of inhibi- 
tion by sugars shown here is almost the same as those 
reported for the aggregation of dextran by con A”. The 
reversibility of con A action on the blood cell membranes 
was also confirmed. 

The adsorption of HVJ on con A-treated horse erythro- 
cytes was examined under the electron microscope (Fig. 4). 
Plasma membranes of con A-treated horse cells could 
adsorb the viruses on the cell surface whereas those of the 
intact cells could not. The HVJ virion, once it had inter- 
acted, could not be removed even by washing extensively by 
phosphate-buffered saline. Haemolysis of con A-treated 
horse erythrocytes by the virus showed a similar character- 
istic to the haemolysis observed in the system of chicken 
erythrocytes and HVJ (manuscript in preparation). 

The mechanism of the interaction between con A-treated 
horse erythrocytes and HVJ still remains to be clarified. 
HVJ may be bound to con A-treated horse erythrocytes 
through a con A bridge, since con A has polyvalent binding 
sites in its molecule and virions of HVJ have receptors for 
con A”. Alternatively, membranes of horse erythrocytes may 
acquire some new binding sites for the virus or just reveal 
buried receptors by combining with con A. This is plausible 
since con A modifies several membrane functions and 
structures? -", Recent studies in which HVJ was fractionated 
to subcomponents suggested that the viral haemolysin might 
be on different molecules from the viral haemagglutinin and 
neuraminidase. These studies failed, however, to show 
whether the interaction of the virus with host membranes 
through the receptor for the haemagglutinin and/or neura- 
minidase is essential for the expression of haemolysis”. 

Our results suggest that haemolysis induced by HVJ does 
not require the binding of viruses to the specific receptors 
such as sites for haemagglutinin or neuraminidase on cell 
surface. Even when HVJ was adsorbed on erythrocytes by 
a different mechanism the cells were haemolysed 
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Replication of Escherichia coli 
requires DNA polymerase I 


For many years DNA polymerase I was the only. k 
coli enzyme with the ability to synthesise DNA. 
therefore, assumed by many to be the enzyme re 
for DNA replication. Doubts concerning this assumpti 
were taken seriously only when DeLucia and Cairns! isolated 
a viable E. coli mutant with less than 1% of the normal 
polymerase I activity in in vitro tests. The conjecture. that. 
polymerase I might not be involved. at-all in replication but 
only functions in DNA repair processes was soon super- 
seded by the observation that poly merase I is involved in- 
the joining of Okazaki pieces’*. But the. question whether. 
DNA polmerase I is essential for replication or whether it is- 
dispensable enzyme remained open. To. investigate whether - 
DNA polymerase I is essential for replication, we attempted ; 
the isolation of conditional lethal mutations in thè gen 
coding for polymerase I. | D 
Among many DNA polymerase 7 mu 
have isolated one (BT 4113) which is a 
elevated temperature because of a- 
DNA polymerase I. A bacterial Satur y 
N-methyl-nitrosoguanidine and screened. f 
using a new replica plating procedure in wh 1crocol’ 
growing on membranes are tested after. lysis. in situ forth 
ability to synthesise DNA or to degrade DNA exonucleo 
lytically. This method, which was originally developed: for. : 
the large-scale isolation of dna temperature sensitive 
mutants will be described in detail elsewhere. Approximately ee 











tants of E. coli we 
ditional leth: 1 




















Table 1 Temperature dependence of polymerising and S’-exonuclease - — 
activity ER 





Polymerising activity 5’-Exonuclease activity : 


Strain (pmol TTP incorporated p1) (pmol ##P released): 
30° C 45°C 30° C 4S e 
W 3110 44 140 0.20 0.33 
BT 4109 18.3 1.79 0.27 0.31 
BT 4113 9.3 0.72 0.16 0.05 





DNA polymerase I was partially purified and assayed . as oo 
desgribed by Lehman and Chien’. Sucrose-gradient fractions. 
were prepared and assayed for both polymerase and 5 
exonuclease activity. The polymerising activity was determined 
pH 7.5 using calf thymus DNA as a template. The incub 
was preceded by a l5;min preincubation under identical 
ditions. The 5’-exonuclease activity was determined by deg 
tion of 5’-?P-dTdA over 5 min as described by Lehman 
Chien‘. The activity measured is sensitive to DNA polym 

I antiserum (data not presented), i 
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40,000 lysed colonies from this culture could be con- 
veniently tested for their polymerase I activity at elevated 
temperature. Those lysed colonies unable either to synthe- 
sise DNA at 45° C in the presence of N-ethylmaleimide 
(NEM) or to degrade DNA exonucleolytically in the 
presence of NEM at 45° C were detected by autoradio- 
graphy and the corresponding colonies were isolated from 
the replica. NEM inhibits many enzymes including DNA 
polymerase II and IHI but not polymerase I. 

Among 40,000 bacterial colonies of E. coli W 3110 (ref. 1) 
we found 12 mutants with measurable defects in polymerase 
I activity, some having as little as 1% of wild-type poly- 
merase activity. As expected’, the mutants were sensitive 
to methylmethane-sulphonate. Some mutants had a tempera- 
ture-sensitive DNA polymerase. The temperature depen- 
dence of polymerising and 5’-exonuclease activity for two 
strains is shown in Table 1. The polymerising activity of 
both strains was temperature sensitive. The 5’ exonuclease 
activity seemed normal in BT 4109 and was temperature 
sensitive in BT 4113. When exposed to high temperature, 
bacteria of strain BT 4113 formed snakes and failed to form 
colonies. BT 4113 is the only conditional lethal mutant we 
have found. 

DNA polymerase I is known to be involved in sealing 
of Okazaki pieces**. According to sedimentation analysis 
of newly synthesised DNA the mutants tested varied in 
their ability to join Okazaki pieces, some (for example 
BT 4004) being almost as efficient as wild type, some (for 
example BT 4100 being grossly defective in sealing and some 
(for example BT 4113) being grossly defective in sealing 


~ only at elevated temperatures. In the latter strain there 


= was almost no joining observed at 45° C even after 15 min, 
whereas joining at low temperature seemed nearly normal. 

Transduction experiments with strain BT 4113 showed 
that both the conditional lethality and the temperature 
sensitivity in sealing are co-transducible with the met E 
marker at high frequency (about 10%). The transduction 
has been performed in both directions; BT 4113 has been 
transduced by Pl to become temperature resistant and 
met E and the met E` strain JW 149 has been transduced 
to become met E* and temperature sensitive. 

We have not yet found a mutant to be temperature 
sensitive in the polymerising part only, and to be con- 
ditional lethal because of that mutation. The isolation and 
characterisation of BT 4113 and of a similar conditional 
lethal pol A strain by Conrad and Lehman’ show that 
E. coli bacteria require the S’-exonucleolytic activity of 
DNA polymerase I for replication and that this function of 
polymerase I cannot be carried out by other enzymes in 
the cell. 

The enzyme assays were performed in Professor I. R. 
Lehman’s laboratory. We are grateful to him and his group 
for their hospitality and patience, and for communicating 
their results to us before publication. This research was 
supported by the Max-Planck-Gesellschaft in Germany and 
by grants from the National Cancer Institute and from 
the National Science Foundation. 
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Affinity labelling the acceptor site 
of the peptidyl transferase centre 
of the Escherichia coli ribosome 


We have identified two SOS proteins, L2 and L.26-L27, in 
the peptidyl (P) site of the peptidyl transferase centre of E. 
coli ribosomes’ BrAc-‘H-Phe-tRNAP* a peptidyl-tRNA 
affinity analogue, was shown to bind specifically to the P 
site and covalently react with only L2 and L26-L27. The 
ability of the same molecules of ribosome-bound BrAcPhe- 
tRNA?’ to participate in dipeptide formation and covalent 
attachment to ribosomal proteins was the most compelling 
evidence for functional P site binding. 

De Groot et al showed how peptidyl-tRNAs can be 
directed to either the P site or the aminoacyl (A) site. For 
example, purified Gly:Phe-tRNA?" binds to the P site of 
70S, salt-washed E. coli ribosomes in a cell-free system using 
poly (U) and either 10 mM or 30 mM Mg®. This binding 
was not inhibited by tetracycline. The bound peptidyl-tRNA 
was very reactive towards puromycin. In contrast, when 
excess deacylated tRNA?" was added together with the 
peptidyl-tRNA, the distribution between the two sites was 
different. The greater part of the peptidyl-tRNA was now 
bound to the A site. This binding was inhibited by tetra- 
cycline, and puromycin reactivity of the bound peptidyl- 
tRNA was almost completely lost. It could be restored by 
adding translocation factor EF-G and GTP. Apparently, the 
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Table 1 Binding of BrAc-3H-Phe-tRNA 








(a) Binding of BrAc-3H-Phe-tRNA to E. coli ribosomes (fmol) 


Salt-washed ribosomes Non-washed ribosomes 


10mM 30 mM 10mM 30 mM 
Additions Me?* Mez?* Mg?* Meg?t 
None 74 132 142 14] 
Tetracycline 123 12] 134 133 
400 pmol tRNA 47 113 98 124 
400 pmol tRNA 
and tetracycline 34 73 45 91 
(b) Puromycin reaction after binding of BrAC-2H-Phe-tRNA (fmol 
released) 
Salt-washed ribosomes Non-washed ribosomes 
10 mM 30 mM 10mM 30 mM 
Additions Mg?* Meg?* Mg?t Mg?t 
None 88 76 100 98 
400 pmol tRNA 16 26 38 23 
400 pmol tRNA 
+EF-G+GTP = 9] 65 98 
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tRNA xop enriched in phenylalanine acceptor activity was prepared 
by one fractionation of crude E. colitRNA ona BD-cellulose column. 
This tRNA could accept about 50 pmol per Ass, of 7H-phenylalanine 
60 Ci mmol and served also as uncharged tRNA in the specified 
reactions. E. coli ribosomes and BrAcPhe-tRNA were prepared as 
described previously", Salt-washed ribosomes were prepared accord- 
ing to Ertel er al. Binding assays were performed by the Millipore 
filter technique of Nirenberg and Leder!®, A 20 HI binding reaction 
mixture contained 50 mM Tris-HCI ( PH 7.6), 50 mM NH,CI, 3.0 Acoso 
of ribosomes, 20 ug of poly (U) plus magnesium acetate as indicated. 
Deacylated tRNA and tetracycline (0.5 mM) were added at 0° C 
before the addition of 240 fmol (11,000 ¢.p.m.) BrAc-4H-Phe-tRNA. 
The mixture was incubated for 30 min at 37° C Puromycin reaction 
was determined as described by Leder and Bursztyn” Where indi- 
cated EF-G (12 ug) and GTP (0.5 mM} were added after the initial 
incebation. The puromycin reaction in this case was measured after 

an additional 10 min incubation. 






able 2 Incorporation of * |-Phe into ribosomal proteins 





it, Run | Run 2 
Eo ns oe LD 2.D LD 
-P site 10 mM Mg?* 
Mg protein applied to gel 0.54 1.80 0.84 
"epim. "H inprotein L2 350 (0.076) 1,050 (0.073) 160 (0.27) 
| oe L16  75(0.016) 246(0.017) — 180 (0.030) 
At L26-L27 2,900 (0.630) 9,840 (0.686) 1,130 (0.189) 
P site 30 mM Meg?* | 


Mg protein applied togel — — | 1.20 
c.p.m. *H in protein L2 — — 60 (0.005) 
L16 a = 90 (0.007) 
L26-L27 _ a 770 (0.064) 
A site i 
Mg protein applied to gel 0.45 1.50 0.98 


c.p.m. °H in protein L2 130 (0.041) 420 (0.039) 170 (0.028) 
L16 465(0.145) 1,375(0.129) 450 (0.075) 
L26-L27 830 (0.260) 5,200 (0.488) 480 (0.080) 


The amount of radioactivity found associated with certain ribo- 
somal proteins was determined from the analysis of one-dimensional 
and two-dimensional polyacrylamide gels as described previously’. 
After each *H c.p.m., in parentheses, is shown the corrected covalent 
c.p.m. *H incorporated per equivalent of tRNA bound per mg of 
protein analysed on the gel. In run 1, P site conditions actually 
represent 88% P site, A site represent 75% A site as determined by 
puromycin reactivity. In run 2, the corresponding figures are 71% 

P site and 75% A site. 


deacylated tRNA?P"* could compete effectively with the 
peptidyltRNA for binding to the P site, but much less so 
for binding to the A site. This effect was much more pro- 
nounced at 30 mM Mg*. Watanabe and Tanaka reached 
similar conclusions’. AcPhe-tRNA could be directed speci- 
fically to the A site at 15 mM Mg” if the ribosomes had 
been preincubated with excess unfractionated deacylated 
tRNA. 

We have used these methods to direct BrAc-*H-Phe- 
tRNA to either the P site or A site by using tRNA?® E. 
coli, and by varying the Mg™ concentration. Table 1 shows 
that BrAc-°H-Phe-tRNA behaves similarly in every way to 
Gly:Phe-tRNA and AcPhe-tRNA in a _ poly(U)-directed 
cell-free system. This is true for saltwashed and unwashed 
ribosome preparations. BrAc-“H-Phe-ttRNA in 10 mM 
Mg“ and the absence of deacylated tRNA, bound almost 
exclusively to the P site. It was not inhibited by tetracycline. 
Puromycin reactivity of the bound tRNA was generally 
70% or higher. In the presence of deacylated tRNA and 
30 mM Mg”, however, binding seemed to be mostly to the 
A site. This binding was inhibited by tetracycline. Puro- 
mycin reactivity was reduced by a factor of 3 to 4. It could 
be restored fully by adding EF-G and GTP. 

Covalent labelling reactions were done under similar con- 
ditions to those used previously’. Unwashed ribosomes were 
used to facilitate comparison with earlier results and 
because their overall binding was generally higher than salt- 
washed ribosomes. Two different systems were chosen. (1) 
P site binding in the presence of 10 mM or 30 mM Mg” and 
the absence of deacylated tRNA. (2) A site binding in the 
presence of 30 mM Mg” and deacylated tRNA. 

Subunit separation and stripping of ribosomal proteins 
were done as described previously’. Most of the covalent 
*"H-Phe incorporation occurred with 50S proteins. The small 
extent of reaction with the 30S particles will be discussed 
elsewhere. One-dimensional and two-dimensional acryla- 
mide gel electrophoreses were performed to identify as 
unambiguously as possible any covalently labelled 50S 
proteins. Typical gel patterns are given in Figs 1 and 2. 

Only three 50S proteins contained significant covalently 
incorporated “H-Phe. These were L2, L26-L27 and L16. 
Table 2 shows that the pattern of radioactive incorporation 
into the three proteins was markedly affected by*the con- 
ditions used. The good agreement between parallel one- 
dimensional and two-dimensional analyses on the same 
sample encourages quantitative comparisons. The P Site 
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Fig. 1 BrAc-*H-Phe-tR NA-reacted 70S ribosomes were 
rated into subunits and the ribosomal proteins were analyse 
one-dimensional gel electrophoresis as described earlier. Label 
ling patterns from one-dimensional gels are shown. for 50S 
proteins from: (a) P site reaction mixture; (b) A site reaction 
mixture; (c) A site reaction mixture in the presence of 0.5 m 
tetracycline; (d) A site reaction mixture in the pre 
1 mM puromycin. Total protein put on the gel wa 
(a), 0.45 in (b), 0.48 in (c), and 0.30 mg in (d). Labell 10 
contained 20 mg of ribosomes with 24 pmol (1.1 10* c.p.n 
of BrAc-°H-Phe-tRNA and 2 mg of poly (U) in the presence o 
10 mM Mg?* for P site binding, and 30 mM Mg?* and Img of 
uncharged tRNA for A site binding. The concentri tions of Tris” 
buffer and NH,C1 were the same as given in Table 1. After 
incubation for 30 min at 37° C, 20 pl aliquots were taken and 
checked for binding and puromycin reactivity in the presenc 
and absence of EF-G and GTP. Where indicated either tetra- 
poy (0.5 mM) or puromycin (1 mM) were added to the- 
site reaction mixtures before the addition of BrAC-#H-Phe-. 
tRNA. It was found that 8,520 c.p.m. of BrAC-?H-Phe-tR Nz 
were bound to a sample of 0.2 mg ribosomes from the P- site 
reaction mixture as measured by Millipore binding assay" 
7,450 c.p.m. (88%) of this sample could react with puromycit 
The binding to an equivalent amount of ribosomes: from the 
A site reaction mixture was 7,130 c.p.m. of which only 1,760- 
c.p.m. (25%) were puromycin reactive. ~ 0 





results are quite comparable to previous results', except 
that L2 is less reactive with this particular ribosome pre- 
paration. Similar variations have been seen before. For the 
same preparation of ribosomes and BrAcPhe-tRNA, how- 
ever, the ratio of 12:126-L27 in a P site experiment is 
very reproducible. The A site conditions with the same 
preparation gave a striking increase in reaction with pro- 
tein LI6 and a decrease in reaction with L2 and L26-L27. 
The L16 reaction is not simply due to the presence of 
30 mM Mg’: as shown in Table 2. In the absence of deacy- 
lated tRNA, even with 30 mM Mg”, the binding of 
BrAcPhe-tRNA is mostly to the P site: (Table 1). Only when 
excess deacylated tRNA is added does BrAcPhe-tRNA move 
to the A site with a concomitant rise in the L16 reaction. 
One reason why the pattern of BrAcPhe-tRNA reactivity 
shown in Table 2 is complex is that P site and A site 
conditions still lead to binding to both sites, If puromycin 
reactivity is used as a measure of true P site binding, P 
site conditions still allow 12-29% A site binding while A 
site conditions allow 25% P site binding. These cross- 
contaminating binding modes can be corrected for by the 
appropriate simple algebraic manipulation. This permits 
calculation of the relative efficiencies of reaction of a pure 
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Fig. 2 50S protein samples from reaction mixtures (a) and (b) 
(see Fig. 1}, were analysed by two-dimensional gelelectrophoresis 
as described previously!, 


A or P site bound species with each of the three reactive 
50S proteins. Such calculations show that virtually all the 
small L16 reactivity seen under P site conditions can be 
accounted for by contaminating A site-bound material. 
Therefore, L16 is definitely an A site protein. It is vastly 
more reactive when BrAcPhe-tRNA is bound in this site 
than in the P site. 

1.26-L27 and L2 appear to be P site proteins. The reactive 
sites of L26-L27 and L2 may be reached from both A and 
P site bound BrAcPhe-tRNA, but the higher efficiency from 
the latter suggests that they are much closer to the P site 
or the reaction is sterically more favourable. 

Figure 1 shows the effect of 0.5 mM tetracycline and 1 
mM puromycin on the pattern of covalent labelling under 
A site conditions. Tetracycline, a known inhibitor of A 
site binding‘ diminished the reaction of L16 by a factor 
-of 2. A much smaller effect was seen with L2 and L.26-L.27. 
. Puromycin which releases any P site-bound Sola RMA 
< reduced the reaction with L16, L26-L27 and L2. The 
> marked reduction of L16 reaction needs to be explained 
: since 1 mM puromycin is not likely tô release any A site- 
- bound peptidyl-tRNA. Lessard and Pestka? have shown 
. that puromycin competition appreciably reduced the bind- 
_ ine of aminoacyl oligonucleotides to ribosomes. A similar 
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inhibition of the binding of the aminoacyl end of BrAcPhe- 
tRNA to the A site would explain the diminished L16 
reaction. 

Our assignment of L.16 as an A site protein may clarify 
other recent affinity labelling studies. Several lines of 
evidence’~* indicate that chloramphenicol and puromycin 
compete for the same binding site on the 50S particle, the 
A site. Sonnenberg et al." observed a covalent reaction of 
the cloramphenicol analogue, bromamphenicol, with two 
proteins, L2 and L27. Pongs er al found that another 
analogue, monoiodoamphenicol, reacted covalently with a 
single 50S protein, L16. Reconstitution experiments demon- 
strated that L16 was required for chloramphenicol binding’’. 
One explanation for this discrepancy is the known occur- 
rence of two ribosomal binding sites for chloramphenicol”. 
The 1odoamphenicol results'''*, however, are consistent with 
our identification of L16 as exclusively an A site protein. L2 
L26-L27 can react with BrAc-*H-Phe-tRNA bound at both 
the A and P sites. This is consistent with the bromampheni- 
col results”. It appears that proteins L16, 1.2, 126-127 are 
all located at the peptidyl transferase centre and are 
probably quite close to each other. 

This work was supported by grants from the US Public 
Health Service and the US National Science Foundation. 
H. O. received an NIH predoctoral fellowship. We thank 
C. C. Lee and Nancy Hsiung for salt-washed ribosomes and 
EF-G factor, and Alice Beekman and Elaine Lin for 
technical assistance. 


Dan EILAT 

MARIA PELLEGRINI* 
HELEN OEN 
NATHAN DE GROOT 
YEHUDA Lapipor 


CHARLES R. CANTOR 


Department of Biological Chemistry, 

The Hebrew University of Jerusalem and 
Departments of Chemistry and Biological Sciences, 
Columbia University, New York, New York 10027 


Received March 6; revised June 3, 1974. 


* Present address: Department of Chemistry, California Institute 
of Technology, Pasadena, California. 


* Oen, H., Pellegrini, M., Eilat, D., and Cantor, C. R., Proc. 
natn. Acad, Sct. U.S.A., 70, 2799 1973). 
* de Groot, N., Panet, A., and Lapidot, Y., Eur. J. Biochem., 
23, 523 (1971). 
* Wantanabe, S., and Tanaka, K., Biochem. Biophys. Res. 
Commun., 45, 728 (1971). 
Zagorska, L., Dondon, J., Lelong, J. C., Gros, F., Grunberg- 
Manago, M., Biochemie., 52, 63 (1971). 
Lessard, J. L., and Pestka, S., J. biol. Chem., 247, 6901 (1972). 
° Celma, M. L., Monro, R. E., and Vazquez, D., FEBS Lett., 
13, 247 (1971). 
" Pestka, S., Proc. natn. Acad. Sci. U.S.A., 64, 709 (1969). 
* Pestka, S., Arch. Biochem. Biophys., 136, 80 (1970), 
* Lessard, J. L., and Pestka, S., J. biol. Chem., 247, 6909 (1972). 
© Sonenberg, N., Wilchek, M.. and Zamir, A., Proc. natn. Acad. 
Sci. U.S.A., 70, 1423 (1973). 
© Pongs, O., Bald, R., and Erdmann, V. A., Proc. natn. Acad. 
Sci. U.S.A., 70, 2229 (1973). 
** Nierhaus, D., and Nierhaus, K. H., Proc. natn. Acad. Sei. 
U.S.A.. 70, 2224 (1973). 
1 Pestka, S., J. biol. Chem., 247, 4669 (1972). 
* Pellegrini, M., Oen, H., and Cantor, C, R., Proc. natn. Acad. 
Sci. W.S.A., 69, 337 61972). 
** Ertel, R., Brot, N., Redfield, B., Allende, J. E., and Weissbach, 
H., Proc. natn. Acad. Sci, U.S.A., 59, 861 (1968). 
'® Tirenberg, M., and Leder, P., Science, 145, 1399 (1964). 
Y Leder, P., and Bursztyn, H., Biochem. Biophys. Res. Commun., 
25, 233 (1966). 


alin, 


ae 








Nature Vol. 250 August 9 1974 


Identification of a population of 
mouse leukocytes using wheat germ agglutinin 


A Group of proteins occurring commonly in plant extracts have 
the property of agglutinating blood cells by intercellular linkage 
of surface carbohydrate groups'*. These proteins, usually 
called lectins, are often able to distinguish cell types by prefer- 
entially agglutinating cells which express a particular membrane 
glycoprotein®. We report here that one lectin, wheat germ 
agglutinin (WGA)'*, is able to distinguish a group of mouse 
leukocytes carrying neither immunoglobulin nor T-cell surface 
markers. 

Cells teased from spleens of normal BALB/c mice were 
washed with Eagle’s minimum essential medium containing 
10°% foetal bovine serum. Suspensions containing 10’ cells mi~? 
were treated with increasing concentrations of fluorescein- 
conjugated WGA and the number of labelled cells counted 
immediately using a Leitz Ortholux ultraviolet microscope 
with incident illumination. The results are shown in Fig 1. A 
consistent proportion of spleen cells was found to be strongly 
labelled at WGA concentrations of between 20 and 100 pg ml ~. 
Staining was eliminated either by previous addition of 0.025 M 
N-acetyl glucosamine (NAG) to the cell suspension, or by sub- 
sequent washing of the cells with Eagle’s medium containing 
0.05 M NAG. In contrast, washing with 0.1 M NAG had no 
effect upon spleen cells previously labelled with another 
fluorescein-conjugated lectin, concanavalin A. 
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Fig. 1 Proportion of mouse spleen cells labelled with increasing 


concentrations of fluorescein-conjugated WGA. 


Table 1 shows the proportions of cells from other mouse 
lymphatic tissues having receptors for WGA. 

The morphology of this cell population was investigated by 
electron microscopy. Mouse spleen cells were incubated for 
5 min at 4° C with a 250 ug mi~ concentration of WGA/ 
horseradish peroxidase conjugate® in phosphate buffered saline. 
The cells were then washed, fixed and treated with diamino- 
benzidine and osmium tetroxide before embedding and section- 
ing. Cells with heavy surface labelling were characterised as 
monocytes and polymorphonuclears? many with peroxidase- 
positive cytoplasmic granules. Lymphocytes and plasma cells 
showed very weak or no staining. Further details of these 
experiments will be published elsewhere. 



























































To see whether cells with abundant WGA receptors carr 
immunoglobulin or T-cell markers the following experim 
was performed. Aliquots of 2x 10° cells were treated with e 
100 ui of a 1:4 dilution of rabbit anti-mouse immunoglol 
serum or with 100 ul of rabbit anti-mouse brain serum, se 
tially absorbed with erythrocytes, liver and B-spleen (s 
from irradiated animals repopulated with bone marrow c 
render it specific for T lymphocytes®. All cells were subsequ 





k Lymph node Thymus Blood 


Spleen 
iz <0.5 <0.5 7 


WGA. Of the 12° of cells in 1 each sao labelled wi 
germ agglutinin, none showed rhodamine fluore 
tive of either immunoglobulin or T-cell st rface m 
versely, T cells were not stained with WGA. Althou 
did not stain immunoglobulin-bearing cells under the: 
tions, at lectin concentrations greater than 100 pg m 
immunoglobulin-bearing cells and erythrocytes shows 
fluorescence. 
This is consistent with the findings of Schnebli ai D 
that mouse B cells are agglutinated more strongly than cortison 
resistant thymocytes at low concentrations of WGA. W 
germ agglutinin has also been shown to agglutinat 
malignant cells*. Our results show that mouse- teuk 
lymphoid organs and blood which have abundant bin 
for WGA are essentially of myeloid morphology and 
carry the surface markers of B or T lymphocytes. = 
We thank Dr A. K. Allen for his gift of purified. 
Dr C. Maino for a number of other lectins used in this stt 
Miss M. Gyöngyössy for rabbit anti-mouse brain seru 
work was supported by the Medical Research Council. 0. 
Note added in proof: In contrast wfth resting Te 
lymphocytes, lymph node cells transformed with. 
haemagglutinin or concanavalin A were found to bind 3 
to a moderate degree. 
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Adjuvant activity in delayed hypersensitivity 
of the peptidic part of bacterial peptidoglycan: 


Ir is generally accepted that the presence of killed. myco 
bacteria in complete Freund's adjuvant is necessary t induce 
a typical delayed hypersensitivity to soluble antigen 
attempts have been made to isolate the active. compo nt 
The preparations obtained initially were of a -peptidogly- 
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Table 1 Adjuvant activity of intact bacterial peptidoglycans and peptidoglycan fragments 
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Intact peptidoglycan from 


| E. coli peptidoglycan fragments 
Disaccharide 


jig E. coli S. faecalis* L. casei*® S. epider- peptide Peptide Peptide Disaccharide 
midist monomer dimer monomer 

100 | 4/4 (16) 3/3 (14) 

50 4/4 (15) 6/7 (42) 6/7 (12) 4/4 (42) 

10 4/4 (14) 3/4 (13) 7/8 (16) 3/4 (13) 0/4 

| 2/4 (13) 6/8 (42) 7/8 (14) 

0,1 0/4 1/4 1/4 

0, 0! 0/4 

0 0/10 


The cell wall compounds were added to a solution of azobenzenea rsonate-N-acetyl-L-tyrosine and the mixture emulsified in an equal volume 
of incomplete Freund’s adjuvant (Difco). All the components were sterilised either by heating or by filtration (0.22 um pore size). Random 
bred white guinea pigs (500-700 g) were injected into the four footpads with a total volume of 0.2 ml emulsion containing 2 = 1077 M of antigen 
and the indicated amounts of adjuvant. Animals were skin tested 12 d later with 10 ug azobenzene arsonate—guinea pig serum albumin?2 and the 
diameter of skin reactions was measured 24 h later. Only skin reactions over 8 mm were recorded as positive. Results are expressed as the 
ratio of sensitised to treated animals. The average diameter of the skin reactions of sensitised animals are indicated in parentheses. Primary 


structure of the tetrapeptide units”: 
* .-Ala-p-Glu (NH ,) ee ae 
€ $ 
p-Asp (NH .) 
f L-Ala-p-Glu (NH ,) ae 
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(Gly),, L-Ser 


colipidic nature®, Hydrosoluble adjuvants containing an 
arabinogalactan and the wall peptidoglycan have been iso- 
lated™*. We have shown previously that the purified cell wall 
peptidoglycan of several Gram-negative bacteria exhibit the 
Same adjuvant effect as mycobacteria for the induction of 
delayed hypersensitivity®’? and that the disaccharide peptide 
monomer (B-1,4-N-acetylglucosaminy]l-N-acetylmuramy]-L- 
Ala-p-Glu (L) diaminopimelic acid (L)-p-Ala) was still 
active’. Similar findings have been made independently with 
the peptidoglycan of mycobacteria*’, the subunit structure 
of which is only slightly different: N-acetylmuramic acid is 
replaced by N-glycolylmuramic acid and both Glu and dia- 
minopimelic acid residues have amide substituents. The present 
study was undertaken to determine to what chemical structure 
of the peptidoglycan adjuvant activity was related. 

Adjuvant activity was tested with monoazobenzenearsonate- 
N-acetyl-L-tyrosine as antigen. This compound induces a pure 
state of delayed hypersensitivity when injected in complete 
Freund’s adjuvant“! but is nonimmunogenic in incomplete 
adjuvant?®. 

The peptidoglycans containing L-lysine were isolated by 
the method of Schleifer and Kandler™ from the following 
Gram-positive bacteria: Streptococcus faecalis, Lactobacillus 
casei and Staphylococcus epidermidis. The peptidoglycan of 
Escherichia coli, its disaccharide peptide monomer and bis 
disaccharide peptide dimer (where two peptide monomers are 
linked together through a D-alanyl-(D)-meso-diaminopimelic 
acid linkage) were prepared as previously described. 

Hydrolysis of the disaccharide peptide monomer by the 
Bacillus licheniformis amidase, and hydrolysis of the bis 
disaccharide peptide dimer by the Streptomyces N-acetyl- 
muramyl-L-alanine amidase!*® yielded disaccharides and pep- 
tides which were separated by filtration on Sephadex G10 and 
paper electrophoresis’, 

Peptidoglycans containing L-lysine instead of meso-diamino- 
pimelic acid also possess adjuvant activity and the peptidic 
fraction of E. coli peptidoglycan has the same activity as the 
intact polymer (Table 1), 

From this the peptide units L-Ala-p-G] R,-p-Ala, where 
R, is either a meso-diaminopimelic acid or a NE substituted-L- 
lysine residue, seem to be the smallest bacterial structures 
exhibiting adjuvant activity. It is likely that this kind of peptide 
is not easily degraded by animal cells and this may play a 
part in its adjuvant activity. 
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book reviews 





Quality quantified 


Social Stratification in Science. By 
Jonathan R. Cole and Stephen Cole. 
Pp. xiv+283. (University of Chicago: 
Chicago and London, 1973). £5.65. 


SincE 1967 the Coles have been ad- 
dressing themselves to a set of interest- 
ing problems concerning the internal 
social organisation of science, using as 
principal tool the Science Citation 
Index. The number of citations re- 
ceived is taken to be a measure of the 
quality of scientific work. Those who 
disdainfully dismiss this way of mea- 
suring quality should read the discus- 
sion of its reliability and validity in 
chapter 2 of the book. Despite the 
admitted drawbacks—notably the fact 
that important discoveries may become 
accepted to the extent that the original 
papers stop being cited—it emerges 
from the scrutiny as a reasonable indicator. 
The Coles’ major concern is the 
degree to which the reward system of 
science operates by — universalistic 
criteria. How far do inequalities in 
the rewards received reflect quality of 
work, rather than particular attributes 
like sex or race or being related to 
the right people? Is the homage which 
conventional rhetoric pays to univer- 
salistic ideals better matched in prac- 
tice by science than by other social 
institutions? The answer is reassuring. 
Science—which here means mostly 
American physics—emerges in a 
favourable light. For receipt of honori- 
fic awards, for visibility and for ap- 
pointments in prestigious university 
departments, quality of research is 
found to be a key determinant. 
Women are not much discriminated 
against-—once they are over the Ph.D. 
hurdle. The same limitation effectively 
removes from the field of study the 
question of discrimination against 
blacks, because they receive so few 
Ph.Ds (less than one per cent of those 
given in science). The restricted scope 
of the Coles’ study is exposed by their 
revealing use of the expression “social 
origins’ to refer to the rank of the 
scientists doctoral department (page 
117). It is only for those who have got 
inside the system that its inequalities 
can be seen to be equitably distributed. 
Ts there a serious departure from 
universalism in what R. K. Merton hay 
called “the Matthew effect” (“For unto 
every one that hath shall be given”— 
Gospel according to St Matthew)? The 
Coles test the consequences of such an 


assumption for the diffusion of know- 
ledge and conclude that the effect is 
rarely important. Controlling for 
assessed quality at time 2, the assessed 
quality of papers at time Í is only 
slightly influenced by the reputation 
already achieved by their authors. 

The Coles also test what they call 
“the Ortega hypothesis”, after an asser- 
tion by Ortega y Gasset that the many 
scientists who are of no more than 
mediocre quality nevertheless contribute 
in a major way to scientific progress. 
The work that physicists use in their 
best papers, as indicated by the refer- 
ences they cite, is itself found to be 
produced largely by elite physicists. 
This does not support the hypothesis 
and leads to the suggestion, which may 
antagonise some readers, that the num- 
ber of active physicists could be cut 
substantially without crippling progress. 

Science as studied by the Coles is 
defined in a narrow way. Only the pub- 
lication of research papers counts; even 
review articles are excluded. Teaching 
students or administering research 
establishments or advising governments 
is “unproductive”; so is improving the 
productivity of industry. The “quality” 
of a company or government agency !s 
determined by its commitment to basic 
research (page 43). Social responsibility 
in science is outside this impregnable 
circle of definitions—so far outside that 
the idea that “rather than society in- 
fluencing science, science influences 
society” is described as one that “some 
of the more polemical historians of 
science have gone so far as to argue” 
(page 14). 

The most immediate danger arising 
from work like that described in this 
book is that statistical measures ade- 
quate for fair-sized samples may be 
misapplied to individual cases. Within 
a few pages of a warning about this 
(page 31), the authors themselves are 
teetering on the brink. In general, how- 
ever, they remain clearly aware of the 
limitations of their approach and they 
use their tools with care as well as in- 
genuity. They have done a useful 
exercise in the art of the possible. Like 
it or not. citation counts will doubtless 
continue to be used as well jas misused, 
and the Coles’ work itself is likely to 
be olentifully cited. The smokescreen 
of sociologig¢al jargon in their book is 
refreshingly thin and the style is lucid, 
considering the high density of correla- 
tion and regressidh coefficients. 

F. R. JEVONS 


Ignorance of interferon 


interferon: Theory and Applications. 
By V. D. Solovev and T. A. 
Bektemirov. Translated from Russian 
by Basil Haigh. Pp. xvii +304. (Plenum: 
London and New York, 1974.) $30. 


Tuere have been several international — 
meetings on interferon during the past 
few years, but unfortunately Russian 
workers have not been able to attend 
any of them—often having to with- 
draw at the last moment. Since the 
Soviet Union has also had few visitors 
from the West, this has led to the 


isolation of the Russian workers and ` 


the effects of this isolation are only- 
too apparent in this present book. 

The book claims, in its forword, “to 
give a systematic account of the exist- 
ing information on interferon obtained 
both from the extensive literature, and 
from the authors’ own observations 
made over a period of several 
years...” The book falls sadly short 
in its first aim—-that is to give a syste- — 
matic account of the existing informa- 
tion on interferon. First of all, it is 
out of date. This is obvious as soon as 
one looks at the extensive list of re- 


ferences given at the end of the. = 
volume. The first hundred and ninety — 


refer to Russian papers published up | 
to 1967, the next four hundred to 
papers by non-Russian authors (only — 
three being later than 1967), while the 
final hundred are made up of more 
recent Russian publications and 
Western papers, but only twenty odd 
are dated 1970 or later. This is presum- 
ably because the Russian text was pub- 
lished in 1970, but it is a pity that the 
text was not updated before transla- 
tion. The book shows its age in other 
ways too—the account of interferon 
purification is nearly ten years old and 
data presented on the molecular weight 
and amino acid composition of inter- 
feron is quite incorrect. The transla- 
tional-inhibiting protein theory of 
Marcus and Salb is restated although it 
was abandoned years ago. Isaacs’s 
theory that interferon induction is due 
to ‘foreign’ nucleic acid is described, 
although Isaacs himself later withdrew 
it. Nagano’s inhibitory factor is des- 
cribed as an interferon, despite Fantes’s 
(1966) careful analysis of the results, 
showing that the inhibitory factor is 
almdst certainly a polysaccharide. 
There is no account of the interferon 
standardisation meeting in London in 
1969, nor of the development of 
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reference research standards for inter- 
feron. 

The other aim of the book is to 
describe Russian work hitherto un- 
published in English. This falls into two 
main areas~—-measurement of inter- 
feron production by different viruses 
in a variety of cells and the use of inter- 
feron in man. The interferon produc- 
tion experiments are presented at great 
length and quite uncritically, and their 
total effect is merely to demonstrate 
that many factors are responsible for 
the control of interferon formation. 
The work on the role of interferon 
in infection and its use in clinical trials 
in the Soviet Union is more interest- 
ing, and is the only justification for 
translating the book into English. I am 
much less competent to assess this data, 
which seems to me to be interpreted 
rather optimistically. 

In summary, this is not a book to 
purchase or to recommend for library 
purchase, unless one has an interest in 
learning of Russian work on the role 
of interferon in natural infections. 


D. C. BuRKE 


Technology of insect flight 


Insects in Flight. By Werner Nachtigall. 
Translated by Harold Oldroyd, Roger 
H. Abbott, and Marguerite Biederman- 
Thorson. Pp. 150; 32 plates. (Allen and 
Unwin: London, May 1974.) £5.50. 


MoucąH that is new has been learned 
about insect flight in the past fifteen 
years, and Werner Nachtigall has been 
one of the most productive workers in 
this feld. He has published a long series 
of papers jn German which provide a 
detailed analysis of wing movements in 
the blowfly in free flight, by the use 
of highly sophisticated experimental 
methods. A few years ago he conceived 
the idea of writing a book about the 
flight of insects which would illustrate 
the thrills and frustrations of research, 
and form a tribute to the beauty and 
ingenuity of the technology of insect 
flight. The book has now been trans- 
lated into English and appears in well 
printed and beautifully illustrated form. 

The author writes for students and 
teachers with interests in technology and 
engineering, for those engaged in pilot- 
ing gliders or powered aircraft, and 
indeed for the general reader. He is 
wholly successful in putting across the 
biophysics of the flying insect—though 
he expects his readers to concentrate! 
He describes the aerodynamics of flight 
in terms of instantaneous linear forces 
and avoids the more demanding aero- 
dynamical approach: bound vortices 
and the generation of the aerodynamic 
cross force are passed over and Reynolds 
numbers appear only in a single cap- 
tion. The story is varied and enlivened 


by literary excerpts; by excursions into 
locust plagues; the rôle of flight in the 
life of the honey bee and other insects; 
insect migration; fuel, temperature and 
sensors in flight; the technological riv- 
alry between sonar hunting bats and 
acoustically equipped moths; the con- 
trasts and comparisons of insect and 
human flight--and much more besides. 

The author has a gift for vivid de- 
piction: “to a fly, a cine film must look 
like a lantern lecture, with long dark 
pauses in between the slides”. The book 
is admirably translated but in at least 
one place the popular error in trans- 
lating ‘Schmetterling’ leads to the de- 
scription of the hawk-moth Celerio as 2 
‘nocturnal butterfly’. 


V. B. WiIGGLESWORTH 


Exploring evolution 


Evolution in the Microbial World. 
(24th Symposium of the Society for 
General Microbiology, held at Imperial 
College London, April 1974.) Edited 
by M. J. Carlile and J. J. Skehel. 
Pp. x+430. (Cambridge University: 
London, April 1974.) £7.50; $22.50. 


THis volume, in the words of the 
editors, is believed to represent the 
first account devoted to the topic of 
microbial evolution. Such an embracing 
title would be expected to cover a very 
wide range of topics indeed = and, 
although there is a great deal of infor- 
mation in this book which bears on 
the evolution of microbes, it would be 
useful to indicate what the book does 
not contain. It does not include, and 
does not claim to cover, aspects of 
comparative microbial anatomy nor a 
discussion of phylogeny based on such 
evidence. In fact, no indication is given 
of the wide range of structural diversity 
found in microbes. Similarly. there is 
little reference to the possible route of 
evolution of major groups of micro- 
organisms, 

Instead, the emphasis of the text is 
placed, not upon the apparent path of 
evolution, but on those special proper- 
ties of microorganisms which make 
them such favourable experimental 
material for exploring the mechanisms 
of evolution. The sequence of chapters 
Is essentially hierarchial, starting with 
problems of taxonomy and phylogeny 
and leading to essays dealing with 
mutation, recombination and selection. 
Successive chapters deal with the evo- 
lution of molecules. with organisms. 
and with energy-yielding processes as 
well as wigh the evolution of a biologi- 
cal association (symbiosis). 

The first chapter (by P. H. A. Sneath) 


is a lucid summary of current strategies e 


for constructing the phylogenetic 
relationships of microbes and includes 
a full discussion of taxonomic prin- 
ciples. The following four chapters deal 
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with aspects of the evolutionary 
mechanism. Drake, for example, dis- 
cusses the role of mutation in evolution 
and the measurement of mutation 
rates. Richmond and Wiedeman discuss 
plasmids in relation to bacterial evolu- 
tion. Although the significance of 
plasmid-borne resistance factors is 
stressed, the basic theme of the essay 
is recombination mechanisms involving 
plasmids and their possible similarities 
to recombination in phages. The wider 
role of recombination in regulating 
breeding systems and the formation 
of new species is considered by Esser. 
Kubitschek summarises some of the 
material concerning selection pressures 
on bacteria grown in the environment 
of a chemostat. 

One of the most powerful analytical 
techniques yet applied to the study of 
phylogenetic relationships is the tech- 
nique of doublet analysis, by estimating 
the frequency of nearest-neighbour base 
sequences in DNA. Subak-Sharpe et al. 
give a full account of their studies on 
the reliability of the technique as ap- 
plied to the DNA of bacteria and 
viruses. Experimental approaches to 
the problems of the evolution of en- 
zymes and the way in which specificity 
of action is related to enzyme activity 
are discussed by Hartley. A similar 
theme is reiterated by Clarke, who 
summarises her work on the nature of 
adaptation of bacteria exposed to novel 
substrates in terms of the evolution of 
the requisite enzymes needed to utilise 
the substrate. 

Three chapters are devoted to the 
evolution of energy-yielding processes: 
photosynthesis (Stanier), sulphur meta- 
bolism (Peck) and nitrogen fixation 
(Postgate). These essays do not merely 
summarise the salient features of the 
relevant biochemistry but also discuss 
the possible origins and evolution of 
such mechanisms in prokaryotes and 
eukaryotes. The remaining chapters are 
devoted to patterns of organisation and 
association among microbes. As ex- 
amples of the evolution of organisms 
two divergent levels of organisation are 
considered: viruses (Joklik, Skehel) 
and the haemoflagellate Trypanosoma 
(Baker). The nature of symbiosis and 
mutualism are discussed by Lewis. 
Finally. Ponnamperuma and Gabel dis- 
cuss the possible condition of the pre- 
biotic milieu in relation to the formation 
of complex molecules and the emer- 
gence of life. 

As a summary of current thinking 


on problems of evolution among 
microbes this volume contains much 
to interest the reader. More impor- 


tantly. the essavs included succeed in 
demonstrating the feasibility of using 
microorganisms to unravel some hasic 
asvects of the evolutionary mechanism. 


T. D. J. BURDETT 


E York, 
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Mouths of waders 


© Feeding and the Feeding Apparatus 


in Waders: A Study of Anatomy and 
Adaptations in the Charadrii. By P. J. 
K. Burton. Pp. 150. (British Museum 
(Natural History): London, 1974.) 
£3.50. 


DurinGc recent decades workers may 
have been somewhat deterred from 
studying the Charadriiformes by the 
documentation provided in ‘“‘Witherby”’ 
and by the detailed knowledge possessed 
by amateur ornithologists but there is 
now evidence of a widespread resur- 
gence of interest. This present book, 
a quite admirable discussion of func- 
tional morphology, considers charad- 
rioid bill structure and oral muscula- 
ture from a variety of viewpoints. 

The information on overt feeding 
behaviour which is contained in the 
opening sections includes many original 
observations alongside a useful panora- 
mic survey culled from the world 
literature. I was particularly interested 
in the statements about Pluvialis 
squatarola as they contrast with the 
data obtained by Dr G. A. Parker and 
myself. The remainder of the book 
deals in detail with the degrees of 
rhynchokinesis, and the variations in 
bill, tongue and hyoid structure, which 
are associated with different methods 
of feeding. In particular Dr Burton 
emphasises that highly rhynchokinetic 
upper jaws have probably evolved in- 
dependently in at least seven lines of 
Charadrioidea. The interdependence of 
modifications for a particular method 
of feeding is certainly widely known 
but this account provides many further 
examples. 

Written with great clarity, the book 
will be a valuable addition to specialist 
libraries and encourage a continuing 
synthesis of morphology and ethology. 
One can only express passing regret 
that, although the work was initially 
supported by the Scientific Research 
in Schools Committee of the Royal 
Society, the author gave up his teach- 
ing post to complete it. Surely this was 
not the intention behind the commit- 
tee? Britain needs able and enthusi- 
astic teachers. 

RONALD PEARSON 


Seabed skeletons 


Recent Sedimentary Carbonates. Part 
1: Marine Carbonates. By J. D. Milli- 
man Pp. xv + 375 + 39 plates. 
(Springer-Verlag: Berlin and New 
1974.) DM66; $27.10. 


Tuis book is an excellent attempt to 
synthesise present knowledge 
calcium carbonate in the marine en- 
vironment, its composition, sedimen- 
tation and diagenesis. It is apparent 
that Milliman has used his experience 


about e 


gained in researches over a broad 
spectrum of the field of Recent sedi- 
ments and also a wealth of data from 
the latest literature to put together this 
comprehensive textbook, which will 
appeal to final year undergraduates, 
research students and established car- 
bonate sedimentologists. 

The book is divided into four parts: 
introduction, carbonate components, 
marine carbonate sedimentation and 
carbonate diagenesis. Part 1 includes a 
valuable introduction to the techniques 
employed in the analysis of such para- 
meters as texture, petrography, minera- 
logy and elemental and stable isotope 
composition. This practical aspect is 
supplemented by the two appendices, 
which, although very brief, do establish 
a starting point for the identification, 
in thin section and under reflected light, 
of the major carbonate components of 
Recent marine sediments. The major 
portion (part 2) of the book synthesises 
an extensive literature on the ecology, 
calcification, petrography and compo- 
sition of various skeletal and non- 
skeletal carbonate components. This 
section includes many quantitative data 
on topics including growth rates, min- 
eralogies, minor trace element and 
stable isotope distributions which will 
serve as a useful reference for marine 
sedimentologists. The third part of the 
book deals with the distribution of 
marine carbonates. Milliman does not 
concentrate on a few shallow tropical 
sea environments, which is sensible, for 
this particular setting is treated in con- 
siderable depth in other recent books, 
but instead he gives equal attention to 
the shallow seas, shelf waters and the 
deep sea. The final part traces the dia- 
genetic alteration of carbonates within 
the marine environment through degra- 
dation, cementation and dolomitisation. 

The style is clear and the presentation 
straightforward. One of the most useful 
and original features of the book is the 
plentiful tabulation of quantitative and 
descriptive data from a wide variety 
of sources. In this way such informa- 
tion as chemical composition of skele- 
tons, distribution of major planktonic 
foraminifera species, and depositional 
environments and chemical properties 
of modern marine dolomites are suc- 
cinctly expressed for easy comparison 
and assimilation. The photographs are 
arranged in plates which on the whole 
are clear and appropriate, though for 
ease of reading I would have preferred 
photographs interspersed with the text. 
Several photographs are too small to 
serve much value and the general stan- 
dard of plates is not the excellent 
quality one has come to expect from 
Springer-Verlag geological publications. 

It is inevitable that this book will be 
compared with thg recent comprehen- 
sive textbook on carbonate sediments 
and their diagenesis by Bathurst. 


$21 


Though the themes of the two books 
are similar the contents overlap to a 
relatively small degree (as an indication 
only 375 references are common to the 
two books which have a total of over 
2,000 references). This partly results 
from the different experiences and 
approaches of the two authors and 
partly from the inclusion in Milliman’s 
book of many references to works 
published during the past three years. 
T. P. SCOFFIN 


Explaining solid state 


Electronic Properties of Crystalline 
Solids: An Introduction to Fundamen- 
tals. By Richard H. Bube. Pp. xiii +524. 
(Academic: New York and London, 
January 1974.) $35; £16.80. 


THE solid state physics contained in this 
book is, at first sight, fairly traditional, 
both as regards subject matter and 
treatment. On closer examination, 
however, it becomes apparent that Dro 
Bube has made a useful and significant 
addition to the range of text books 
now available to third year under- 
graduate and first year postgraduate 
students specialising in solid state phys- 
ics. The author clearly intended to 
explain the main elements of the subject 
within a sound mathematical frame- 
work. He wisely resisted the temptation 
to discuss many aspects superficially and 
instead concentrated on taking a few 
examples of solid state phenomenon 
and treating them in some depth. Re- 
viewers who judge a book by what has — 
been left out may, therefore, find the 


choice of material not to their liking; 


I, for example, would like to have seen 
a little more on metallic alloys. But 
these are matters for personal judgment 
and should not be allowed to detract 
from a well written and beautifully pro- 
duced textbook. 

There are twelve chapters in the 
book which cover the three principal 
themes of solid state physics. The first 
three chapters focus attention on wave 
theory and the application of quantum 
mechanics to simple systems. The ex- 
amples here were carefully chosen with 
an eye to later chapters. The next 
three chapters develop the band theory 
of solids taking as a starting point the 
free electron (Hartree) model. The 
reader will, if he works through these 
chapters and the excellent range of 
problems associated with each of them, 
gain a good understanding of basic band 
theory. I was particularly pleased to 
see a discussion of ‘bands’ versus ‘bonds’ 
and that the concept of electronega- 
tivity is at last appearing in solid state 
physigs textbooks. The role of localised 
energy levels leading to the character- 
istic behaviour of semiconductors is 
described, a shade too briefly perhaps, 
in chapter 9. The remainder of the 

















book deals with the motion and excita- 
tion of carriers by external fields and 
includes a particularly helpful discus- 
sion of photoelectron effects. The book 
is well indexed, remarkably free from 
typographical errors and will, I feel 
sure, be a useful textbook for a variety 
of students (and their seniors) for the 
next few years. 
J. E. ENDERBY 


Lichens 


The Lichens. Edited by Vernon Ahmad- 
jan and Mason E. Hale. Pp. xiv +697. 
(Academic: New York and London, 
January 1974.) $35: £16.80. 


ABOUT one fifth to one quarter of all 
described species of fungi are lichen- 
ised, but very few books have been 
written about them. Indeed, this is the 
first large and comprehensive work of 
advanced scholarship in the English 
language about lichens since the classic 
monograph of A. L. Smith in 1921. 
Furthermore, since so few botanists 
specialise in these plants, there is un- 
likely to be another book of this type 
for some time to come. It is, therefore, 
something of a milestone in the devel- 
opment of the subject. 

There are 23 authors contributing 
19 chapters and 3 appendices, covering 
a wide range of topics including mor- 
phology, taxonomy, reproduction, physi- 
ology, ecology, secondary metabolic 
products and symbiont interactions. 
Inevitably, there are some gaps. In the 
preface, the editors say that chemo- 
taxonomy is one of the main present 
day areas of research in lichens, vet the 
book has no chapter devoted to this 
richly controversial topic: indeed, it 
gets but a passing mention in one 
appendix, and is not cited at all in 
the index. 

Unevenness in quality is to be ex- 
pected in all multiauthor works, and 
this is no exception. Although the edi- 
tors have been very thorough and 
painstaking—-so that errors and unclear 
passages are rare—it is a pity that they 
did not persuade authors to be more 
interpretive in their approach. Too 
many contributors are content to give 
meticulous accounts of published ob- 
servations without following up with 
an incisive section which says, in effect. 
=, . now what all this means is . 
so that the problems which now require 
solution are...” 

Hence, the memorable parts of this 
book are the handful of chapters in 
which the authors develop a critical, 
personal synthesis of their views. 
Poelt’s critique of the systematic, value 
of morphological characters is particu- 
larly good. The account by Tuominen 
and Jaakola of the accumulation of 
mineral elements and radionuclides is 


not only a valuable review of widely 
scattered literature, but it also sets 
a refreshingly high standard of rigour 
im discussing physiological topics. 
Brodo’s excellent chapter on substrate 
ecology is profoundly thoughtful: at 
long last, here is a lichen ecologist who 
can write, quite simply, “I think the 
terms ‘nitrophilous’ and ‘calciphilous’ 
imply a knowledge of the requirements 
of lichens that we do not yet have’’. 

For some students, the book will be 
hard going for it Jacks an introductory 
chapter to set the scene. More acutely, 
it needs a concluding chapter to draw 
together the diverse strands of the in- 
dividual contributions, Here would have 
been a chance for the editors to paint 
the broad canvas of the nature of the 
interactions between the symbionts: or 
to integrate the different themes of the 
chapters on substrate ecology, resis- 
tance to extreme environments, and 
mineral accumulation; or point out the 
gaps which, in the preface, they say 
exist. 

The price puts this book beyond the 
reach of almost all students and aca- 
demics, but I think it is essential for 
all botanical libraries. Although it does 
not achieve the same classic status as 
A. L. Smith’s 1921 monograph, it 
nevertheless contains some important, 
substantial and valuable contributions 
about lichens which are not available 
elsewhere. Academic Press may be able 
to blame inflation for the price, but 
they cannot blame anyone but them- 
selves for a subject index which is so 
skimpy, has so very many omissions 
and is so poorly organised as to be 
nearly worthless. 

D. C. SMITH 


Blue-eyed Negroes 


Light-Eyed Negroes and the Klein- 
Waardenburg Syndrome. By Jenni 
Soussi Tsafrir. Pp. viit+ 153. 20 plates. 
(Macmillan: London and Basingstoke, 
March 1974.) £7.50. 


THis little book describes and discusses 
18 non-Caucasian families ascertained 
by eye colour, where one or more 
members had Waardenburg’s syndrome, 
and 10 families where one or more 
members had unilateral or bilateral 
blue or light green eyes, or hetero- 
chromia iridis. 

Much of the book is devoted to dis- 
cussion of Waardenburg’s syndrome 
and, though the clinical descriptions 
of manifestations of the disorder are 
excellent,ethere is much repetition and 
nothing new is added to knowledge or 
understanding of an autosomal domin- 
ant trait which is relatfVely common 
and has been reported in many races. 
The families whege there was only 
hvypochromia of iris, which resulted 
in blue or greenish eye colours, or 
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where there was heterochromia inhert- 
ted as a dominat trait are of much 
greater interest, and this is the best 
account so far given of these pheno- 
mena in Africans. 

| feel that all the information in the 
book could have been presented in a 
short paper, or possibly in two papers, 
one on Waardenburg’s syndrome in 
Africans and one on the other group 
of subjects. As it stands the book reads 
as if it was a condensation of an ex- 
cellent thesis, although such an origin 
is not mentioned, Presumably the very 
high cost of this book is in part due 
to the nine pages of excellent colour 
photographs. 

ALAN C. STEVENSON 


African medicine 


La Pharmacopée Sénégalaise Tradi- 
tionnelle: Plantes  Médicinales et 
Toxiques. By J. Kerharo, with J. G. 
Adam. Pp. 1011. (Editions Vigot 
Freres: Paris, 1974.) 370 francs. 


PROFESSOR Kerharo is well known for 
his previous studies on the indigenous 
medicine and medicinal plants of the 
Ivory Coast and Upper Volta. During 
the past 15 years he has carried out 
similar, very detailed investigations in 
Senegal and his findings are now made 
available in this monumental work. 
The first part (about 75 pages) fills in 
the historical, (phyto) geographical, 
and ethnic background. It also dis- 
cusses the religious and magical con- 
cepts underlying the various indigenous 
systems of medicine as well as the 
more positive aspects like diagnosis, 
pharmaceutical operations, and how 
medicines are dispensed and adminis- 
tered. 

The second and main part of the 
book (about 700 pages) comprises de- 
tailed, individual monographs on about 
555 plants. These monographs are 


divided into sections dealing with 
synonyms, vernacular names, distin- 
guishing botanical features, habitat, 
folk-medicinal uses, chemistry and 
pharmacology. The chemical and 


pharmacological sections are extended 
and up to date accounts which sum- 
marise data from more than 2,200 re- 
ferences (closing date, May 1973). 
They are a particularly important fea- 
ture of the book and extend its use- 
fulness and value far beyond the con- 
fines of Senegal, since much of the 
flora of that country occurs in other 
parts of West Africa and elsewhere. 
The third part (about 200 pages) 
comprises the bibliography and the 
various indices. Professor Kerharo’s— 
book provides a welcome complement 
to Watt and Breyer-Brandwijk’s 
Medicinal and Poisonous Plants of 
Southern and Eastern Africa. 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by che failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00, Half 
page across £125.00. 30p is charged for the re- 
ee of replies to advertisements with a box 


mber 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's Inn, 
Londen, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2. 





APPOINTMENTS VACANT 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF ENTOMOLOGY 


Applications are invited for the position of 
ASSISTANT PROFESSOR, effective April 1, 1975. 
Qualifications are Ph. D. with postdoctoral expe- 
rience in insect physiology and interest im aspects 
of this field applicable to agricultural or forest 
entomology. Duties include teaching courses in 
general or applied entomology and insect physio- 
logy, the development and direction of a research 
program and supervision of graduate students in 
insect physiology and in application of some 
aspect of physiology to agricultural or Wie en- 
tomology. Maximum starting salary $14,0 

Please send full curriculum vitae and phe of 
3 referees by October 31, 1974 to: Dr George E. 
Ball, Chairman. Department of Entomology, 260 
Agriculture Building, University of Alberta, Edmon- 
ton, Alberta T6G 2E3. (297) 


THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF GEOGRAPHY 


Applications ure invited for the post of Pro- 
fessor of Geography. The vacancy arises as a 
result of the resignation from September 30, 1974. 
of Professor J. W. House, to take up the Halford 
Mackinder Professorship of Geography at the 
aiversity of Oxford. Salary jin accordance with 
the Professorial Scale (£5,973 by £96 to £6,069 
by £195 to ¿6.849 per annum). 


Further particulars may be obtained from the 
Registrar, the University of Newcastle upon Tyne, 
6 Kensington Terrace, Newcastle upon Tyne, NEI 
TRU, with whom applications (15 copies), giving 
the names of not more than three referees, should 
be submitted not later than September 14, £974. 

(495) 








LINCOLN UNIVERSITY 
COLLEGE OF AGRICULTURE 


New Zealand 


CHAIR IN AGRICULTURAL 
MICROBIOLOGY 


The Counci of Lincolna College, a University 
College of Agriculture located in Canterbury, New 
Zealand, invites applications for appointment to the 
Chair in the Awricultural Microbiology at this Uni- 
versity College, 

The successful applicunt will be Head of the 
Department of Microbiology, which is responsible 
for a major teaching programme from Diploma 
to Post Graduate level, and which has active re- 
search and advisory interests, The present establish- 
ment includes 1 Reader, 2 Senior Lecturers, P Lee- 
turer, 1 Demonstrator and 3 Technicians. 

Applicants should hold an advanced university 
degree in an appropriate field and it would be 
expected that they would have had experience in 
teaching and/or rescarch, 

The successful applicant will be appointed to the 
position within the existing range of professorial 
salaries, the commencing salary being in accord- 
ance with qualifications and experience within the 
range of SNZIS HII to $NZ19.233 per annum. 

Expenses of appointment reimbursed up to speci- 
fied limits. The appointee wil be cligiblke to join 
the New Zealand Government Superannuation fund, 
or if elgible, he may elect to continue for a 
limited period existing F.S.S.U. policies. 

Apply in writing for Conditions of Appointmomt 
obtainable from the Secretary General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Squate, London WCIH OPF, or from the Regis- 
trati Lincoln College Canterbury. New Zealand. 

“Applications close on October 15, 1974, (582) 


Ecological and 
Biological Aspects 


of Pollution Control 
£Z000-£8,000+ 


This is a key appointment in the Central Unit on Environmental 
Pollution which is the nucleus of the Government’s anti- pollution 
activities. It is responsible for identifying and investigating 
problem areas, often on an international scale, for formulating 
appropriate policies and for co-ordinating the work of Government 
Departments in this field. 


Asa senior member of this group, you will provide biological and 
ecological advice over a wide range of these activities. Your 
particular responsibility will be the marine, freshwater and $ 
terrestial fields, where you will initiate and control detailed studies 
on specific problems. You will also represent the Department of — 
the Environment on Government and international committees _ 
and working parties. 


You must hold a degree or equivalent in a biological science. W A 
a background in marine or freshwater ecology would be of 

particular interest, other fields could also be relevant, and i 
experience of pollution problems including national and international a 
liaison duties would be an advantage. Og 


Starting salary for this London-based appointment will be etki 
the range quoted above. 


Further details and an application form (to be returned by 

2nd September 1974) may be obtained by writing to the Civil 
Service Commission, Alencon Link, Basingstoke, Hants RG211JB — 
or by telephoning BASINGSTOKE 29222 ext 500 or LONDON 
01-839 1992 (24 hour answering service). Please quote S/8710/1. 








Department of the Environment 4 


DORSET AREA HEALTH AUTHORIT) 
EAST DORSET HEALTH DISTRICT 


A vacancy exists for a 


BASIC GRADE BIOCHEMIST 


In the Group Biochemistry Service. Applicants should have a Ist or 2nd Class 
Hons. Degree in Chemistry or Biochemistry. Experience in Clinical Bio- 
chemistry would be an advantage. 





Terms and Conditions as laid down in Whitley Council Regulaton PTA/A, 


Application forms from Employment Officer, District Administrative Offices, 
Royal Victoria Hospital, Shelley Road, Boscombe, BOURNEMOUTH, Dorset 
BH] 4HX giving two referees. 


® 
Enquiries about Post to Dr. J. H. Johnstone, Consultant Biochemist, Depart- 
ment of Biochemistry, Royal Victoria Hospital, Boscombe, BOURNEMOUTH, 
Dorset BHI 4JG. 


*Closing date: August 31, 1974. (612). 
$ 
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Tropical Products Institute 
London 


Meat Technologist 






Tropical Products Institute 
Culham, Berks 


Cereal Technologist 


BR& Don composite flour technology, milling of tropical cereals, 
and preparation of food products of enhanced nutritional value 


















3 


“) Degree or equivalent in appropriate scientific/technical subject O R & D 
experience in milling or bakery an advantage ©) Age under 30 7 Appointment 
as Higher Scientific Officer (over £2550 to around £3500) or Scientific 


g to age, qualifications and experience 







J] Application forms (for return by 2 September 1974), from Miss C. A. Hall, 
Tropical Products Institute, 127 Clerkenwell Road, London ECR sDB. | 
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CIVIL SERVICE 





(20H 


Experimental Biologist 


A vacancy exists for an honours graduate in pharmacology, physiology 


or a related discipline to work on experimental aspects of thrombus for- 
mation. Experience in micromanipulative techniques is essential and an 
interest in innovation is desirable. 

The position offers pleasant working canditions, grcellent fringe benefits 
and opportunities for advancement. Salary scale £2.350 to £3,400. 

Please apply in writing to Miss J. M. Dunbar, Inveresk Research Inter- 

. A a ig 3 : ; e f 
national, Inveresk Gate. Musselburgh EH2! 7UB, Midlothian, quoting 
reference 0441. (637) 








Nature Vol. 250 August 9 1974 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(University of Reading) 

A Serentifie Offeer or Higher Scientific Ofiver is 
required tu joi a group in the Bacteriology Depart- 
ment imvestigauing the intestinal microflora of the 
neonate with purticular referetice to the ami 
bacterial activiiy of milk. Experiences with immuno- 

logical tschniques will be an advantage. 

Candidates should have a degree, HNC. ar 
equivalent qualification. Appomtment will be in the 
grade oof Scientifie Officer (£1,592 to £2,675) or 
Hivher Scicntitic Officer (£2,461 to £3,371). with a 
Starting paint dependent on qualifications und gx- 
perience, Agr feast five yvears’ relevant post- 
qualifying experience i required for appointment 
in the higher rade. The post i pensionable. 

Apply on farms obtainable from the Secretary. 
Notional Pnstitute for Research in Dairying. Shin- 
fieid, Reading RG? GAT. quoting reference 74/17. 

(S614) 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ASTRONOMY 
RESEARCH ASSISTANT IN 
INFRARED ASTRONOMY 


Applications are inviied for a post of Postdoc- 
tortal Research Assistant in observational infrared 
photametry fram October P 1974. The appointment 
is far a period of one year, but extension wil be 
considered. 

The Research Assistant will caminue the deve- 
lopment of un existing infrared photometer, and 
its use in Fenerife and clsewhere for observations 
af H YP regions and of extragaiuctic infrared 
SOULCES, 

Salary will be in the range €2.998 to E2931 per 
annum With superannuation under FOS .S U7. 

Applications, imcluding curriculum witae und the 
names of two referees, should be sent by Augus 
24, 1974 to Dr M. J. Smyth. Department af 
Astronomy, Royal Observatory, Edinburgh EHS 3HJ 
from wham further information about the pest 
ean be obtained. Please quote reference number 
S04 f. (591) 


UNIVERSITY COLLEGE GALWAY 
Professorship of 
Experimental Physics 


Applications are invited for the above 
statutory wholetime post. Salary scale 
£5,427 x 141 (8) to £6,585, plus Family 
Allowances. Non - contributory Pension 
Scheme. 

The closing date for receipt of applica- 
tions is September 16, 1974, Prior to 
application, further information should be 


obtained fram the Registrar of the College. 
(562) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ZOOLOGY 


Applications arc invited for the post of Lecrurer 
in the Department of Zoology. Preference will be 
given to candidates with an interest in tererstrial 
ecology. 

Iniial salary within the ranges £2,918 to £2,492 
per annum, plus threshold payment. on a scale 
rising to £4.896 per annum, according to quabfica- 
tons und expericnee. 

Applications, stating ave, academic qualifications 
and experience, together with the names of three 
referees should be received not jeter than August 
23. 1974. bs th Registrar, The University, P.O. 
Box 147. Liverpool L69 3BX, from whom further 
particulars may be obtained. Quote ref. RV/N/ 
276163. (607) 
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SEFTON AREA HEALTH 
AUTHORITY 
SOUTHERN DISTRICT 
PRINCIPAL BIOCHE MIST 


with duties primasity at the now Fazakericy District 
General Hospital. There is a District Biochemistry 
service (serving about 2.500 beds). operated m con- 
Junction with Walton Hospital (where there is a 
Principal Biochemist in post} Equipment includes 
some AAT] analysers. a Vickers M300. Wallac 
Athogurmma caunter and E D P. equipment. 
Further particulars may be obtained from the 
Consultant Chemical Pathelogiss (Dr E Jo L. 
Galdbure} O81-825 S980 Ext. YO, with whom 
@rangements ta visit the laboratories may be made. 
Applications stating age, experience. qualifications 
and the names and addresses of three referees to 
be forwarded to Mr K. A. P. Gill. District Ad- 
ministrator, Sefton ALH.A-—Southtrn  Pistrict. 
Walhton Hospital, Rice Lane. Liverpool L9 JAE 
mo later than September 3, 1974. (609) 
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Technical Field 
Officer 


We require a Technical Field Officer, pre- 
furably aged between 20-25 years, (Male or 
Femalkc. who has recently graduated with a 
stenge duyres. His/Her main responsibilities 
will be to assist in the design, running and 
evaluation of field trials on current animal 
health producta und the development of new 
products. There will be some involvement 
im the area of technical sales support, 












This post offers a chance to obtain ex 

perione, in commercial ficid research and 
development within a large imternational or- 
garisation, 
-o The suecessful candidate will be provided 
with a company car, there is a non-contri- 
butory pension scheme in operation, together 
with assisted BUP. membership and other 
fringe benefits, 










Please apply for an application form p- 


Mr K. G. Usher. 
Head of Administration, 
Flanco Producis Lid.. 
Broadway House, 
The Broadway, 
Wimbledan, 
London SWI% IRR, 
-o Teephime No: 01-842 6600, 
a (S94) 


















ROYAL POSTGRADUATE 

MEDICAL SCHOOL 

CHIEF TECHNICIAN 
CHOON OC. or equivalent qualifications) required far 
Department of Clinical Pharmacology. Experience 
with modern anglytical instruments, eg. gas chro 
matographs and mass spectrometers desirable. The 
appointee will be expected to be fully involved with 
research projects and be responsible for the day- 
to-day running of the department. 

Salary in range £2.907 to £3,516 per annum 
(plus threshold allowance). 

Applications to the Secretary, R.P.M.S.. Ham- 
meramith Hospital, Du Cane Road, London WIZ 
OHS, quoting Ref. No. 20/104N. (646) 


Professor in Biology 


ODENSE UNIVERSITY 
DENMARK 


Applications are invited for the above 
position which is to be filed us soon as 
Possibic after November I. 1974, 


Candidates should have research interests 
in experimental biology covering the arvas 
of both ecology and physiology. Research at 
the Institute of Biology includes, among 
Others, the fields of cealowy., analytical/ 
environmental chemistry and biochemical 
udaptation-physiology with spyvial reference te 
the aquatic environment. 


The professorship carries teaching responsi- 
bilities in experimental and environmental 
biology at an advanced level as well as im- 
volvement in the Institute’s  intraductory 
hohogy Courses. 


The salary os regulated by law and cannot 
be negotiated. alo presem H ois D Kr. 
74.1640). Applications demonatrating fe- 
search and teaching abiilies commensurate 
with the position of professor together with 
foprimts of relevant publications should be 
sent in 3 copies to the Administration, 
Odense University, Nits Bohrs Alle, DK 5000 
Odense, Denmark no kator than Septermber 35. 
- Tnguities can be sent to the Institute of 
Biology. (621) 





























































A vacancy exists fora graduate high degree of practical ability. o= |. 
interested in cell biology to and ingenuity is essential. eee 
work inasmaliresearch team — pharmaceuticals Division is 
concerned primarily with situated in rural North 
wound healing. This involves Cheshire and offers a good 
the search for drugs which are range of reasonably priced 
beneficial to the healing housing. 

process and more fundamental i eT oe 
studies aimed atunderstanding Applications in writing, 


the mechanism of cell requesting an application č 
movement andthe control of form, should be addressed to: — 
cell division. M. F. Losse, Personne! Officer, 
Modern equipment, including ICI Pharmaceuticals Division, 

a scanning electron Mereside, Alderley Park, 


microscope is available, and a Macclestieid, Cheshire. 









Pharmaceuticals 
Division 





mime eranan iA N aA aaa emer a AAA Te aAa arin ia a EAS 


TAHSIN HAMA ama a N tt n era rarer a fren e e e Arar r a here a A A eh rr a 


UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 


Research Assistant 


Applications are invited for a post of Research Assistant in the M.R.C. 
Group for Biochemistry of Reproduction. Applicants who should pre 
ferably be at postdoctoral level or have equivalent experience, should have 
a good background in Biochemistry or cognate subject with interests in 
production in protein fractionation and isolation. Previous experience in re- 
productive studies would be an advantage but is not essential. 



















Appointment would be for the period October 1, 1974 to September 30, 
1976. ; 









Salary scale £2,118 eto £2,412 with placing according to age and ex- 
perience. F.S.S.U. benefits. 









Applications (quoting R29/74) to Professor P. J. Heald, Department of — _ 
Biochemistry, University of Strathclyde, Royal College, 204 George Street, 
Glasgow, G! IXW from whom further information may be obtained. 
4 k : 
627) 










DEPARTMENT OF EMPLOYMENT 


Assistant 
Scientific Officers 


The Department of Employment has vacancies for Assistant Scientific 
Officers with the Employment Medical Advisory Service, Baynards House, 
| Chepstow Place, Westbourne Grove, London W2 in the Central Reference 
Laboratory. 


The duties are varied and mainly concerned with the examination. of 
biological samples from industrial workers as an index of exposure to 
potentially toxic hazards. An aptitude for working with. or an interest in, 
modern laboratory equipment would be an advantage. 


A knowledge of physio-chemical methods of analyses would be des‘rable. 


QUALIFICATIONS 

The minimum qualifications required are passes in 4 distinct subjects in 
GCE or equivalent. The passes must include English or English language, 
and a Science or Mathematical subject. Other acceptable qualifications are 
an ONC {candidates must have successfully completed the 0! year) the 
Intermediate examination of the Institute of Medical Laboratory Techno- 
logy and Science Laboratory Technician’s Ordinary Certificate. Alternative 
qualifications will be considered. 


AGE 
Candidates for all posts must be over 16 and normally under 26 years 
of age. 


SALARY 


ELIIS to £2,127 per annum according to age, inclusive of £228 inner 
London weighting. which is currently under review. 


HOLIDAYS 
Four weeks, rising eventually to six weeks. 


HOW TO APPLY 
Application forms from Mr D. C. Werran, Department of Employment 


(Est B3b), 12 St James's Square, London SWIY 4LL. 
Closing date for receipt of applications: September 6. 1974. (613) 


NEW ZEALAND 
MINISTRY OF AGRICULTURE AND FISHERIES 


SCIENTIST (PASTURE AGRONOMY) 


INVERMAY AGRICULTURAL RESEARCH CENTR i 
MOSGIEL, SOUTH ISLAND, NEW ZEALAND 
Duties: Study the effects of various cutting and grazing treatments oo sward 
productivity and composition, 


Investigate 
swards, 


Qualifications Required: Ph.D., M.Agr.Sc. or MSc. 
Salary: This will depend on gualifications and experience. 


mechanism: within establishing and permanent 


Panag and Incidental Expenses: The provision of assistance with fares 
and incidental expenses will be considered. 

Application forme and general information are available from the New 
Zealand H’gh Commission, New’ Zealand House. Haymarket, London SW! 
Y 4TQ, with whom applications will close on September 13, 1974. 

Please quote reference 4294 when making enquiries. . (690) 
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UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMISTRY 
S.R.C. POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 
SYNTHESIS OF MATERIALS FOR 
PHOTOELECTRIC ENERGY CONVERSION 
Applicatians are invited fram chemists with a 
good graunding im organic or inorganic or organo» 
Melaihe synthesis, to work on the preparatit of 
potential photociectric transducers. Some straight 
forward measurement of electrical properties will 
also be involved. Salary on scale £2,118 to £2,417 
per annum, together with current threshold pav- 
ments according to age and experience. Appoint- 
ment for one year extendable to a second. 
Applications naming two referecs to Dre K. Kite, 
G. Read and D. R. Rosscinsky, The University. 
Exeter EX4 4QJ. as soon as possible, Please quote 
reference 1/62/7077. (617) 


UNIVERSITY OF HAMBURG 
RESEARCH ASSISTANT IN 
MEDICAL GENETICS 
required for clinical and laboratory research 
and work in a genetics clinic. Salary in the 
range of £5,000 per annum net. Applicants 
Should contact Dr Eberhard Passarge. Divi- 
sion of Cytogenetics and Clinical Genetics, 
Department of Human Genetics, Martine 
Strasse 52. 2000 Hamburg 20. W. Germany. 
Tel. (040) 468-3120. 1623) 





ta i 
WEST BERKSHIRE HEALTH 
DISTRICT 
MEDICAL PHYSICS 
TECHNICIAN 


for the modern Isotope Laboratory at the 
Royal Berkshire Hospital. Reading, for 
interesting work in the chemistry and physics 
of medical isutope techniques. Post will be 
on Grade V or Grade IV ¢£1.308 to £167 
or £1,530 to £1,953). Day release for further 
training possible. (Normally ONC., or 2 ‘A’ 
levels required). 

Reading is a pleasant University town 


offering cusy ouceess to Landon. Oxford, 
Windsor. Henley and attractive surrounding 
countryside, 

Written applications with relevant details 
and naming 2 referees to the Haspital Secre- 
tary, Royal Berkshire Hospital, London Road. 
Reading, Berkshire. (642) 


“METALS ABSTRACTS” 


The international abstracting service for 
Metallurgy offers permanent positions as 
SENIOR EDITORIAL ASSISTANTS. The 
work comsisis of editing, indexing, and check- 
ing abstracts for publication. A selunce degree, 
preferably in metallurgy, physics, or chemisiry, 
i Mecessary und a working knowledge of a 
foreign language would be an advantage. 


Applications, stating age. education, quali- 
fications, and experience, to Dr T. Graff. 
Metals Abstracts. The Metals Society, 1 
Carlton House Terrace, London SWILY SDB. 

(633) 





SALOP AREA HEALTH AUTHORITY 


Robert Jones and Agnes Hunt 
Orthopaedic Hospital 


OSWESTRY. SHROPSHIRE SYIO JAG 
BIOCHEMIST 
Graduate research assistant required to take part 


IN iivestigations mto the bislouy and biochemistry 
of musch: jin relation to human musculo-skelcts! 
disorders. 
Salary in the range of €1.680 to £2,912 per 
annum, 
Applications, with the names of two referges, 
should be addressed to: 
P Dr M. Worsfold 
Principal Research Biologist 
Charles Salt Research Centre 
Robtrt Jones and Agnest Hunt Orthapasde 
Hospital 
Oswestry. Shropshire. (644) 
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KING’S HEALTH DISTRICT 
| (TEACHING) 

LAMBETH /SOUTHWARK/LEWISHAM AREA 
HEALTH AUTHORITY (T) 
GRADUATE RESEARCH ASSISTANT 

p IN CYTOGENETICS 
-Applications are invited for the above post in 
the gerictic. sub-section of Haematology. Experience 
desirable. Salary according to N.H.S. Biochemist 
Stale... 

Application forms obtainable from the Personnel 
Office, King’s College Hospital, Denmark Hill, 
S.E.S ‘Tel: 01-274 6222 Ext. 2726 (Miss Millwood), 


should be completed and returned by August 22, 
1974. 16) 















UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF GEOLOGY 
JUNIOR RESEARCH OFFICER 


A vacancy exists for a dhanior Research Officer 
in the above Department who will work under the 
direction of Professor T. S$. Westoll, F.R.S.. on 
Vertebrate Palaeontology with special emphasis on 
lower. vertebrates. 

The post is expected to be tenable for three 
years from October 1, 1974. It is particularly suit- 
able for a recent graduate in Geology with good 
Zoological background, or in Zoology with some 
Geological background. A successful candidate may 
register for a higher degree, and though preference 
will be given to recent graduates other qualified 
Persons are not excluded. 

Salary will be at an appropriate point on the 
scale £1,569 by £81 to £1,731 by £87 to £1,818 
according to age, qualifications and experience. 

Applications (3 copies) giving a full curriculum 
vitae and the names of three referees. should be 
lodged with the Registrar, The University, New- 
castle upon Tyne NEY 7RU not later than Septem- 
ber 2, 1974. Please quote reference N, (618) 


HUMAN PHYSIOLOGIST 


required for research on inhaled drugs, asthma and 
exercise. Project could lead to higher degree. Salary 
according to qualifications and experience. 
Applications, giving full details, to: Secretary, 
CN) Department of Child Health, Hammersmith 
Haspital Du Cane Road, London W12 OHS. 
(619) 





TECHNICIAN (Grade 3) 


required to assist in Biological research including 
Projects on the diagnosis and immunology of 
cancer. Background of chemistry, biochemistry or 
pharmacology useful. Opportunities for further 
education up to H.N.C. Salary in range £1,650 to 
£1,920 plus £228 London Weighting plus threshold. 
Application forms from Personne! Officer (Technical 
Staff F.E. University College London, Gower 
Street, London WCIE 6BT, (622} 











CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 


Tht Animal Unit requires a RESEARCH 
ASSISTANT to collaborate with the Veterinarian 
in charge in the establishment of a quality contro! 
laboratory, The post would-be suitable for a 
graduate or similarly qualified person with a back- 
ground in microbiology or a relevant biological 
science, Starting Salary not jess than £1,350 depend- 
ing upon experience. 

For further information please contact: Head of 
Animal Unit. 55 Aspenlea Road, London W6 YHH. 
Telephone 01-385 7709. (628} 


eee Sa ee Oe A 
UNIVERSITY COLLEGE OF 
NORTH WALES 
Bangor 
DEPARTMENT OF APPLIED ZOOLOGY 


Applications are invited for the post of LEC. 
TURER IN APPLIED ZOOLOGY. The appoint- 
ment will take cflect from October 1, 1974 or as 
soon as possible thereafter. 

Candidates should have an interest in cither the 
epidemiological or experimental aspects of animal 
parashology or in crop damage by eelworms {or 
irisects). 

Salary wilh be on the scale £2,118 to £4,896, 
according to age, qualifications and experience. 


and Registrar, and applications (two 
Riving details of age, qualifications and 
ey. together with the names and addresses 
eferces should be sent to reach the 
Registrar, University College of North 
LLST 2DG, by August 27, 1974. 
(6313 





Seer 











(Further particulars may be obtained from thee 





CSIRO 
AUSTRALIA 


DIVISION OF 
BUILDING RESEARCH 
HIGHETT, VIC. 














RESEARCH SCIENTIST 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas. The Organization * 
has approximately 6,500 employees-—-2,100 of whom are research and professional’ "i 
scientists—located in Divisions and Sections throughout Australia. a 


Field: R E S i D z NTI ; 


General: The Division has a total staff in excess of 300 including some 150 profes- 
sional scientists. lt undertakes research for the benefit of the Australian community 
into the theory, techniques and economics of building and community design, 
construction, and materials development and is seeking an understanding of the 
inter-action between the built environment and people. Programmes for studying l 
the built environment are being developed in the context of both urban coms ; 
munities and remote settlements. The appointee will be located at Highett, Victoria. 







Duties: To conduct research into the effects of the built environment, the relevant 
aspects of the natural environment and related factors of community living on. 
residents or urban and remote settlements in Australia. This will involve the develop- 
ment of research techniques capable of providing guidance to physical and social 
planners and others who determine the nature of human settlements. 


Qualifications: A Ph.D. degree or equivalent research experience, and demon- 
strable research ability. Applicants could be qualified in the relevant branches of 
psychology, sociology or geography, but graduates in architecture, planning or other 
disciplines, who consider that they have an appropriate background should not be 
deterred from applying. Experience in multi-disciplinary research teams involving 
social, physical and biological sciences would be an advantage. ; 


Salary: Appointment will be made within the salary ranges of Research Scientist or 
Senior Research Scientist: $49,698 to $A14,706 p.a. 


Tenure: This position is available for an indefinite period and Australian Government... 00. 
Superannuation benefits are available. 


Applications stating full personal and professional details, the names of at least two 
professional referees and quoting Reference Number 390/530 should reach: 


The Personnel! Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 
LONDON WC72B 6BD 
by the 30th August, 1974 


Applications in U.S.A. and Canada should be sent to: 


The Counsellor (Scientific), À 


Embassy of Australia, 160} Massachusetts Avenue, N.W., 
WASHINGT@N, D.C. 20036, U.S.A. (625) 





CSIRO 
AUSTRALIA 


DIVISION OF FISHERIES AND 
OCEANOGRAPHY 
CRONULLA, N.S.W. 


RESEARCH SCIENTIST 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas. The Organization 
has approximately 6,500 employees-—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 


a FISHERIES 
BIOLOGY 


General: The Division has a staff of about 50 scientists investigating the fisheries 
resources and the physical, chemical and biological features of the oceans. Head- 
quarters of the Division is located at Cronulla, Sydney, and the Division has labora- 
tories in Perth and near Brisbane. The appointee will be located at Cronulla. 


Duties: To participate in investigations of marine fish resources around Australia. 
The appointee will be expected to develop and conduct his/her own programme. 
initially attention will be directed to pelagic resources. 


Qualifications: A Ph.D. degree or equivalent qualifications in one of the ecological 
sciences with training in Mathematics and Statistics, together with demonstrable 
research ability. 


Salary: Appointment will be made within the salary range of Research Scientist: 
$A9,698 to $412,194 p.a. 


Tenure: An indefinite or 3 year fixed term appointment may be negotiated. An 
indefinite appointment carries Australian Government Superannuation benefits. 


Applications stating full persona! and professional details, the names of at least two 
professional referees and quoting Reference Number 320/520 should reach: 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64.78 Kingsway, 
LONDON WC2B 6BD 
by the 30th August, 1974 


Applications in U.S.A. and Canada should be sent to: 


The Counsellor (Scientific), 
Embassy of Australia, 160! Massachusetts Avenue, N.W., 
WASHINGTON, D.C, 20036, U.S.A. {626) 


UNIVERSITY OF LEEDS 
DEPARTMENT OF PLANT SCIENCES 


Applications are invited from graduates in Botany. Biochemtry or other suitable branch 
of Biology, for two posts of RESEARCH ASSISTANT in the Department of Plant Sciences. 
(a) A three year project to wark on the control of nucleic acid synthesis in the cell 
cycle of fungi. This project will involve nucleic acid fractionation, DNA/RNA 


hybridisation studies and some microscopy. e 
(b> A one year project to work onè biochemical aspects of fungal disease m plants. This 
project will involve working with animals ta raise antisera. 
Salaries on the scale £1,449 to £1,818 pa. according to experience (al present under 
review), Py 
Apphcants should write directly to Dr J. A. Callow, Department of Plant Sciences, 
quoting 2 referees, as soon as possible. (614) 
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ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
TECHNICIAN (A.LM.L.T.) 


required for interesting post in the Postgraduate 
Teaching Laboratories. The department deals with 
a wide range of work in all the four major dis- 
ciplines of Clinical Pathology, and offers good 
facilities for further studics. 

Applicants qualified in Histology €or Bacteriology) 
preferred, Applications to the Secretary, R.P.M S.. 
Hammersmith Hospital, DuCane Road, London 
WI OHS, quoting Ref. No. 9/102N. (629) 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


INFORMATION OFFICER 


An information scientist. preferably with a deere 
in microbiology or biochemistry, is required to 
tuke part in the new information service of the 
Institute. 

Appaintment will be ip the Scientific Officer 
Class, with a starting salary dependent on quahfica- 
tions and experience, Present scales Scientific Officer 
£1,592 ta £2,675; Higher Scientific Officer £2.46] 
to £3,378. At feast five years’ relevant post- 
qualifying oxpericnce is required for appointment 
in the hivher grade. The post ts pensionable. 

Appiv on forms obtainable from the Secretary. 
NLR D. Shinficld. Reading RO2 9AT., Quote 
reference 74/20. (630) 


NATIONAL INSTITUTE FOR 
BIOLOGICAL STANDARDS 
AND CONTROL 


TECHNICIAN 


DIVISION OF VIRAL PRODUCTS 


We require someunc with H.N.D >. HNC. 
or equivalent for work concerned with the 
combrol and develupmenr of viral vaccines 
and involving the manipulation of viruses 
under sterile conditions in various types of 
eel cultures. Other procedures such as radio- 
isotope labeling and rudisimmuna assays are 


alsa emploved. A knowledge of basic micto- 
bielovical techmiqucs would be un advantage 
plus an ability to wark wkhout direct super- 
Vision, 


Salary on scale £1,683 to £2,577 including 
London Weighting. 


The Institute is situated im pleasant sur- 
roundinesxs close to Hampstead Underground 
Station. There is an active sports and social 
club plus superannuation benefits. Phase 
apply giving brief details (an application form 
will be sent to you) ta R. 5. Dunn. Personne! 
Offcer. National Institute for Biological 
Standards and Control. Holly Hill. Hamp- 
stead. N.W.3. Tel. 435 2232. Pease quote 
Ref. 0027, (649) 





THE UNIVERSITY OF SHEFFIELD 
RESEARCH ASSISTANT 
ACADEMIC DIVISION OF MEDICINE 
Applications are invited for a RESEARCH 
ASSISTANT to join a group working with Pro- 
fessor FD oS. Munro on human thyroid disorders. 
The work will include the development of pew 
assay methods for cireulting thyroid stimulaunyg 
factors in Realth and disease. A graduate with a 
degree in Chemistry or in a biological science is 
sought, Salary up to £9829 according to qtuulifica- 
tions and experience. A successful candidate wishing 
to read for the degree of Ph.D. would be offered 
a Research Studentship, £695 a wear and fees, 
Further particulars from Fhe Rewistrar and Secre- 
tary to whom applications fone copy only) should 
be sent by August 27, 1974. Please quote reference 
R124/G. (632) 


BIOCHEMISTRY TECHNICIAN 


required to jou group investigating onzyme kinetics 
of muscle proicins. Applicants should have degree 
ar HNC. in’ Biochemistry or Chemistry. Previous 
luboratary expenence in the use of biochemical and 
radigisotope technigues preferred. Salary oon the 
scale £1.73 to £2,072 plas £126 London Weighing 
according to age and experience, 

Applications to John Cribhim M.R C. CEH 
Biophysics Unit, 26-29 Drury Lane, W C.I 

(643) 
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Histology Technician 


required for Pharmacological and 
Toxicological Laboratory. Experience 
essential in the preparation and pro- 


cessing. of animal tissues. Good work- 

ing conditions. Pension and Assurance 
Scheme, Application forms from: The 
Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, 
London Ni 2HB, 


(640) 


UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 

Applications are invited for a Postdoctoral Re- 
search Assptaniship in theoretical physics suppor- 
ted by the Science Research Council. The research 
work, with Dr. T. W. Preist, will involve the use 
of Faddecy methods to study rearrangerment colli- 
shknis at thermal encrgies and should be of interest 
to applicarts with experience in cither Atomic, 
High-Energy or Nucicar physics. 

The appointment is for two years fram October 
1, $974 starting salary £2,118 plus FPSS U.) 
Applications giving details of experience and quali- 
fications and including the names of two referces 
shouid be sent, by August 23, 1974 to Miss $, 
Chinn, Department of Physics, University of Exeter, 
Stocker Road, Excter EX4 401 (Tel. Exeter 77911 
ext. 625) from whom further information may be 
obtained, 

Ref. 1/12/7079. (668) 


THE QUEEN’S UNIVERSITY OF 
BELFAST 
Department of Biochemistry 


Postdoctoral Research 
Assistant 


Applications are invited for an S.R.C, 
Postdoctoral Research Assistantship 
for work tn collaboration with Dr 
R. J. H. Davies on the PHOTO- 
CHEMISTRY AND PHOTOBI- 
OLOGY OF PURINES. The project 
will involve an assessment of the photo- 
reactivity of purines in nucleic acids, 
polynucleotides and simpler model 
systems, The primary aim of this re- 
search is the identification of purine 
photoproducts and an evaluation of 
their biological consequences, Pre- 
vious experience in the isolation and 
chemical characterization of natural 
products would be an advantage 
though not essential, 


The appointment is for two years 
from October 1, 1974, or an agreed 
date thereafter, at a salary of up to 
£2,247 by £165 p.a. (with F.S.S.U.) 
depending on age and = experience. 
Applications, together with the 
names of two referees, should be sent 
to the Personnel Officer, Queen’s 

| University, Belfast BT7 INN, frome 
+$ whom further particulars are avall- 


| able. (663) 


































SYDNEY HOSPITAL 
New South Wales 
Australia 


Staff Specialist 
in Intensive Care 


Applications closing September 15, 1974, are invited from ache “3 
qualified medical practitioners for the position of Staff Specialist In Charge 
of the Intensive Care Unit at Sydney Hospital. 


Teaching at both undergraduate and postgraduate levels is an integral 
part of the position. ae 


Salary and conditions are those set out in the Hospital Specialist (State) 7 
Award (range $A15,203 to $A21,006). The Award is presently under review. 
The limited right of private practice is available under the terms laid down 
by the Health Commission of New South Wales in circular. 72/78, The 
terms allow earnings up tọ 16 per cent of base rate salary. 


Under certain circumstances The Board may give consideration to two: 
part time appointments to this post. Further enquiries may be directed: 
The Director of Anaesthesia. 





Sydney Hospital is a 460 bed teaching hospital of the TE Qo 
Sydney. It conducts a wide range of medical, surgical and special surgica 
services and is accredited for post garduate training in genreal and specia 
medicine and surgery. 


The Director of Anaesthesia will be visiting the United Kingdom in — 
August/September. Applications in writing, stating age, training, experience 
and the names of three referees should be directed as follows: - | 


Ist copy to Dr F. R. Berry, C/- Bank of New South Wales, 9-15 
Sackville Street, London. 


2nd copy by airmail to The General Medical Superintendent, Sydney 
Hospital, Box 1614, GPO, Sydney, 2001, New South Wales. 610) 


nature 


EDITORIAL SECRETARY 


We are looking for someone who will be involved in 
both the editorial and production processes and has: 





© A good basic knowledge of science 


@ An eye for detail 





© Shorthand and typing 


Although not essential, a knowledge of production work 





would be an &dvantage. 

Write, giving personal details, to: 
. The Editor, Nature, Macmillan Journals Ltd, 
4 Little Essex Street, London WC2R 3LF. 


















required for M.R.C. Team involved in assaying 


STATE OF KUWAIT 





Kuwait University—Academic Posts for 1974-1975 


Applications are invited for teaching posts in Marine Ichthyology, 
Marine Fisheries & Mariculture, Oceanography, Immunology, and 
Marine Parasitology. Contracts start on February 1, 1975 for two 
years, renewable for a further period of four years if convenient to 
both applicant and University. 

Applicants should be: 

(a) Holders of an academic Post at present in an accredited 
University or research center. 
(b) Ph.D. holders 

Curriculum vitae forms are obtainable from Kuwait Embassies in 
Washington D.C. (Cultural Division, 4301 Connecticut Avenue, 

© N.W., Site 158, Washington, D.C. 20008) and London, (Cultural 
Attache office, (Al-Jahra House, 3 Stratford Place, London WIN 
9AE) or from Kuwait University, Kuwait. Completed forms, to- 
gether with copies of the candidate's publications, must be received 
by Kuwait University, Kuwait, not later than September 30, 1974. 


Those who applied before can renew their applications by writing 
to the University. 


Salaries are within the range of Kuwaiti Dinars 3,900 to 6,660 
-per annum, tax free (K.D.=$2.90) 


Candidate is also entitled to the following privileges: 

l. Annual return air tickets to his country, would be provided 
to him, his wife and three of his children not exceeding the 
age of twenty. 

2. Free furnished accommodation with water and electric 

supplies. (648) 


NEW ZEALAND 
Department of Scientific & Industrial Research 


Applications are invited for the position of Scientist (Soil Physics) with the 
Soil Bureau, DSIR, Lower Hutt, where there is a vacancy for a senior soil 
physicist in the soil physics section. 


Salary: Up to NZ$10,232 p.a. dependent on qualifications and experience. 
Duties: Work of the section includes systematic studies of the physical pro- 
perties of soil in relation to soil classification and effects of modification of 
soils by man, and will expand into the field of soil evaluation for irrigation 
and effluent disposal. 


Qualifications: PhD. or good Honours degree in soil physics, with experience 
in field operation support and irrigation planning desirable. 
Passages: Fares for appointee and his wife and family, will be paid. 


Incidental expenses: Up to NZ$120 for a single man and NZ$800 for a 
married man can be claimed to cover the cost of taking personal effects to 
New Zealand. 


Application forms and general information are available from the High 
Commissioner for New Zealand, New Zealand House, Haymarket, London 
SWIY 4TQ, with whom applications will close on 13 September 1974. 
Please quote reference P/T 113 when enquiring. | (666) 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


TECHNICAL OFFICER 


UNIVERSITY OF READING 
TECHNICIAN (Grade 3) 





required in D&partment of Microbiology to assist 
a group engaged in research on the genetics and 


_ new metabolic hormones and assessing their role 
in health and disease. This post is suitable for a 
new graduate in Biochemistry or Physiology and 
could offer opportunities for a higher degree. 
Salary according to age and experience. 
Applications to the Secretary, R.P.M.S., Ham- 
mersmith Hospital, DuCane Road, London W12 
OHS quoting ref. no. 2/149. (662) 





biochemistry of bacteria and to prepare materials 
for practical classes. Salary in the range £1,650 to 
£1,920 p.a. according to qualifications and experi- 
ence. Apply quoting Ref: TN68, stating qualifica- 
tions and experience and giving the names of two 
referees to Senior Assistant Bursar (Personnel), 
University of Reading, Whigknights, Redding RG6 
ZAH., (670) 






UNIVERSITY OF NOTTINGHAM 


Department of Electrical and Electronic 
Engineering 


Applications are invited for uppointment as 
LECTURER in this Department. The salary scales 
range from £2,818 to £4,896. but the appointment 
wH be made initially within the first three points 
of the scale. The appointment can be made from 
October. 1974. or from a later date to be arranged. 

Applicants should preferably huve had industrial, 
research or lecturing expericnce in communications, 
control or dectromes. The person appointed will 
be expected to pursue research in addition ta their 
teaching duties, for which facilities are available, 

The appointment will be subject ta the terms 
and conditions of the Grading and Sulury Scheme, 
a copy of which is available on request. The sue- 
cessful applicant will be required to join the 
Federated Superannuation System for Universities, 
under the terms of which there is an annual 
premium of I5% of the salary. The University 
will pay two-thirds of this premium and the 
member one-third. The University reserves the 
right to appoint to the post a person who has not 
submitted an application, 

Further particulars and forms of application, 
returnable not later than August 31, 1974, ure 
obtainable from the Staff Appointments Officer, 
University of Nottingham, University Park, Notting- 
ham NG? 2RD Job No. 389. (667) 


THE UNIVERSITY 
OF MANCHESTER 


INSTITUTE OF 
SCIENCE AND TECHNOLOGY 


DEPARTMENT OF 
METALLURGY 


Applications are invited from Honours 
graduates in Metallurgy, Materials Science, 
Engineering or Pure Science for the post of 


RESEARCH ASSISTANT 


which becomes vacant on October H, 1974. 
Preference will be given to candidates who 
have had some research or industrial cx- 
perience. The post is a full-time research 
appointment with the opportunity to work 
for a higher degree of the University. A wide 
range of research topics is available in 
chemical, physical or engineering metallurgy 
and it will be possible to match the nature 
of the research to the interests of the person 
appointed. The appointment is for one year 
in the first instance with the possibility of 
annual re-appointment. 
Salary £1,764 to £1,839 with F.S.S.U. 


Applicants should send a brief statement 
of their academic qualifications, experience 
and research interests to Professor K. M. 
Entwistle, U.M.ES.T.. P.O. Box 88, Sack- 
ville Street, Manchester M60 10D., (656) 


UNIVERSITY OF KHARTOUM 
SUDAN 


Applications are invited for the following posts 
in the Faculty of Medicine:— 

1. PROFESSOR/SENIOR LECTURER OR LEC- 
TURER (4 posts) IN ANATOMY. Applicants 
must be medically qualified and must bold a 
Ph.D. or equivalent or a postgraduates diploma 
in Anatomy. Candidates wili be assessed for 
the respective status according to reasearch and 
relevant teaching experience in Anatomy (Re- 
gional and Applied) plus a sound knowledge 
of Neuro-Anatomy and/or Embryology and/or 
Histology. 


2. SENIOR LECTURER/LECTURER (2 posts) 
IN BIOCHEMISTRY. 


Salary scales: Senior Lecturer £82,400 to 
£52,800 p.a. Lecturer £81,500 to £82,300 p.a. (£1 
sterling = £80.82). The British Government may 
supplement salaries in range £1,300 to £1,600 p.a. 
(sterling) for married appointees or £800 to £900 
p.a. (sterling) for single appointees (normally free 
of all tax) and provide children's education 
allowances and holiday visit passages. These rates 
of supplementation are currently under review. 
Family passages; various allowances: superannua- 
tion scheme: annual overseas leave. Detailed appli- 
cations (2 copies), including a curriculum vitae and 
naming 3 referees, should be sent by airmail, not 
later than September 4, 1974 to the Personnel 
Secretary, University of Khartoum, P.O. Box a 
Khartoum, Sudan, Applicant resident in UK 
should also send 1 copy to Inter-University Coun- 
cil, 90/91 Tottenham Court Road, London WIP 
ODT. Further particulars may be obtained from 
either address. (650) 
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Senior Biochemist 


A leading British pharmaceutical 
Research Organisation has a vacancy 
for a Senior Biochemist to initiate and 
direct research projects in the areas 
of pharmacokinetics, drug metabo- 
lism, molecular pharmacology 
enzymology in association with the 
design and development of new medi- 
cines, Persons with appropriate ex- 
perience are invited to apply in 
writing for an Application Form from 
The Secretary, Biorex Laboratories 
Limited, Biorex House, Canonbury 
Villas, London NI 2HB. (655) 


and 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


University of Reading 


HEAD OF DEPARTMENT 
of 
PROCESS ENGINEERING 


A vacancy will occur on the retirement of Mr. 
H S. Hall, O.B.E. for a suttably qualified person 
to direct and organise the Institute’s research and 
development programme on the processing of milk 
and milk products. 

Candidates should have a degree in cnginecring 
or an allied science and have had relevant experi- 
“ence in research and in the industrial processes 
concerned with mik or food products. 

The post, which is pensionabile, will be graded 
as Senior Principal Scientific Officer (salary 
£6.300 by 3 increments to £7,280). Further par- 
ticulars and forms may be obtained from ihe 
Secretary, NER. D., Shinfield, Reading RG2 9AT 
and applications should be returned to him by 
October 1, 1974. Quote reference 74/26. (671) 


UNIVERSITY COLLEGE LONDON 
Department of Biophysics 
ELECTRON-MICROSCOPIST 
RESEARCH ASSISTANT required to work with 
Professor R. Miledi on problems in Neurobiology, 
which forms part of a Long Term Project sup- 

ported by the M.R.C, 

Preference given to applicants with experience 
of freeze-ctching or analytical electron-micrascopy. 
Salary within Lecturer scale pius London Allow- 
ance. 

Applications with curriculum vitae and names 
and addresses of two referees to Mrs. K. Garons- 
Willams, (ND Biophysics Dept. University College 
London, Gower St. London WCIE 6BT. 

(650) 





Countryside Commission 


The Countryside Commission maintains close laison with organisations 

throughout England and Wales which share its concern with the ~ 

conservation of the countryside and with the recreational 

opportunities it can offer. There are specialist posts, at the Commission’s 

new Headquarters in Cheltenham, for experts who have the ability to 
originate ideas and to communicate them effectively both orally and in 

writing. 


AGRICULTURALIST 


to give advice on agricultural matters arising from submitted schemes, 
promote research and experiments into the integration of landscape 
conservation and recreation with farming, and liaise with M.A.P.F., 
N_E.C, and Country Landowners Association. (Reference SB/1/HG). 


Candidates (normally aged under 32) must hold a Ist/2nd class honours 
degree in agriculture or other appropriate scientific subject and have at 
least 4 years’ postgraduate experience. Practical involvement in farming 
will be an advantage. 


ECOLOGIST 


to give ecological advice on schemes under consideration, instigate and 
supervise research and experiments into environmental capacity for 
recreation, promote action to conserve wild-life in country parks, and 
liaise with Nature Conservancy Council. (Reference SB/2/HG). 


Candidates (normally aged under 32) must hold a ist/2nd class honours 
degree in botany, zoology, biology or other appropriate scientific subject 
and have at least 4 years’ postgraduate experience, including 
conservation work or qualification in ecology or conservation. 

Starting salary in the range £3,250 to around £4,550, according to 
qualifications and experience. Prospects of promotion. Non-contributory 
pension scheme. 


For full details and application form (to be returned by September 5, 
1974) write to Civil Service Commission, Alencon Link, Basingstoke, 
Hants. RG21 iJB or telephone Basingstoke 29222 ext 500 or London 
01-839 1992 (24 hour answering service). Please quote appropriate 

reference. (669) 


Mainnir Attn rl ar aiara a abet aa A e ia 


UNIVERSITY OF IBADAN 


NIGERIA 














RNI ANANI NN fE 


Manchester Area 
Health Authority 


(Teaching) South District 


WITHINGTON HOSPITAL, 
MANCHESTER M20 8LR. 


GRADUATE required with a good honours 
degree in biochemistry. The appointee will 
take part in research into thrombosis and 
development work in the National Reference 
Laboratory for Anticoagulant Control Re- 
agems at Withington Hospital. 


Further information can be obtained from 
Dr. L. Poller, Consultant Haematologist, 
Withington Hospital. 

Applications with the names of two referees 
to the Hospital Secretary, quoting ref. B 22 
(32133), (657) 





bad 


Salary 
N2.760 ta 


Appheations are invited for the following posts in the Faculty of Science:— 


PROFESSOR IN DEPARTMENT OF BOTANY. Applicants should be Botanists with 
several years’ post-doctoral teaching and research experience, and shoud be familiar 
with the organisation and supervision of posigraduate research with particular reference 
to tropical plants and the use of modern laboratory equipment. Appointee will be 
expected to administer and plan the development of the University Botanical Gardens 
and Herbarium as well as the Department of Botany. 


SENIOR LECTURER AND LECTURER IN THE DEPARTMENT OF GEOLOGY. 
For Senior Lectureship, appointee will be expected to lead research in either Geo- 
physics, Geochemistry with a bias for Mineral Exploration, or Mineralogy with a bias 
for X-Ray Diffraction. The Geophysicist should have a bias in Exploration and should 
be conversant with most geophysical methods, He will be expected ta supplement 
Petrological and/or Mineral Exploration Research in the Department with geophysical 
data. The Mineralogist should have long experience with X-Ray Crystallography and 
should be particularly interested in X-Ray Diffraction. For Lectureship, appointee 
should have special interest of cxperience in one of the following areas: Engineering 
Geology with strong background of rock mechanics and/or hydrogeology: Mineralogy 
with special bias in optical and X-ray crystallography and with experience of X-ray 
diffraction and power camera work; lencous Petrology: Experimental Geology. 


Professor .N6,600 p.a. Senior Lecturer N5.030 to N5,750 pa. 
N4,830 pia. { sterling NI.46) The Brih Government may 


Lecturer 
supplement 


scales: 


salaries in range £750 to £1,500 p.a. (sterling) for married appointees or £250 to £1,000 p.a. 
fsterling) for single appainices (normally free of all tax) and provide children’s education 


abowances and holiday visit passages. 
schema, biennial overseas leave. 


Family passages; various allowances, superannuation 
Detaled applications (2 copies), including a curriculum 


vitae and naming 3 referees, should be sent by aifmail, not later than September 6, 1974 
to the Registrar, University of Ibadan, Ibadan, Nigeria. Applicants resident in UK. showd 


also send | copy to the Inter-University Council, 
WIP ODT. Fegrther particulars may be obtained from either address. 


Tottenham Court Road, London, 
(677) 


90/91, 


















A vacancy exists in the Drug 
Metabolism Division for a graduate, 
preferably with relevant post- 
graduate experience and degree. 
The work of the Division involves 
studies on the metabolism and 
pharmacokinetics of new medical 
products and as such, requires 
familiarity with metabolic processes, 
instrumentation applicable in the 
field and the ability to devise new 
analytical methods. Preference will 
be given to a candidate who has a 
good knowledge of pharmacokinetics 
and the associated use of com- 
puters. 

Publication of appropriate work 
is encouraged. There are active 
links with a number of university 
departments, units of clinical phar- 
macology and physicians involved in 


é (TEE) May&Baker 











May & Baker Ltd. 
Drug Metabolism. 


drug trials. Various attractive resi- 
dential areas are within easy reach 
of the research site and help will be 
provided with removal expenses 


where appropriate. 

Applications, giving details of 
qualifications and experience should 
be addressed to the Personnel 
Manager, May & Baker Ltd, Dagen- 
ham, Essex RM10 7XS, quoting 
reference number 194/N/1. 


{674} 





FOOD & AGRICULTURE ORGANISATION 
OF THE UNITED NATIONS 


Viale delle Terme di Caracalla, Rome, Italy 





FISH CULTURIST 





Applications are invited for the post of a Fish Culturist for the 
Khmer Republic under the F.A.O./U.N.D.P. Programme from can- 
didates with a University degree or equivalent in fisheries sciences 
and several years’ experience in the field of fish culture in tropical 
countries. Very good knowledge of English or French is essential. 


Duty Station—-Phnom Phenh. 


The duties and responsibilities of the post include (1) to assist in 
the establishment of a fish hatchery/demonstration fish farm 
station; (2) to set up and demonstrate modern methods of aquacul- 
ture in fish cages; (3) to train counterpart personnel and fish farmers 


in the techniques of pond and cage fish culture. 


Salary: US$16 542 to US$21 294 net (tax, free), plus Cost of 
Living Adjustment and other allowances. 


Further details can be obtained from the Personnel Offices, De- 
partment of Fisheries, F.A.©., Rome. Closing date for receipt of 


applications: September 15, 1974. 


(661) 
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GUY'S HOSPITAL 
MEDICAL SCHOOL 


Appheations are iavited for the post of 


Graduate in Research 
Assistant 
in Cytogenetics 
The work will be concerned with dingnostie 


addition, the 


cpgouragud ta 


chromosome anaissis þul, in 
applicant wii be 


participate in research projects, 


gucecessful 


Applications should be sent ta the Admin: 


strative Secretary, Paediatric Research Unit, 

Guy's Hospital Medical School,  Loandan 

Bridge, SEL ORT. as soon as possible. 
iGAR} 





THE POLYTECHNIC, 
WOLVERHAMPTON 
DEPARTMENT OF BIOLOGICAL SCIENCE 


WELCOME TRUST POST DOCTORAL 
RESEARCH ASSISTANTSHIP 


Applications ure invited from suitubly qualified 
persons to assisi im ivestigations of the fanetion 
a? intestinal microperoxisormes with speciai refer- 
ence ta factors influencing Jipid and = cholestoral 
synthesis. Appheants should hold or expect ta hold 
a PhD in Biochemistry Gor related areal. The 
appointment is tenable fur 3 years, 

Salary in the range €2,223 by 
EZ SSJ. 

Further details und application forms may be 
obtained from: The Estublishoient Officer, The 
Polytcehnic. Walverhampron WYE ILY. Telephone 


merne ment fo 





2737t Ext. 94. (673) 
UNIVERSITY OF THE WEST INDIES 


JAMAICA 


Applications are invited for the following posts 
in the Faculty of Medicine: =- 

1. SENIOR LECTURER / LECTURER / ASSIS- 
TANT LECTURER IN THE DEPARTMENT 
OF MICROBIOLOGY. Duties of appointee, 
wif inciude rautine Clinical Microbiology work 
for the University Hospital and instructions 
mm Microbiology to students working for the 
medical degree of the University. Dutes to be 
assumed as soon as possible, 

2. LECTURER IN HAEMATOLOGY in the De. 
partment oof Pathology. Appointee will be 
attached to the University Hospital and wii 
teach medical students fur the M. B., B.S. 
degree Of the University, in co-operation with 
the Consultant staff of the Hospital, 

Salary sealer: Medically qualified: Senior Lec- 
turer J$10,992 to J314.472 pia. Lecturer JST 880 to 

FS10,782 pa, Assistant Lecturer 156.300 to 1%6.900 


pat. Non-Medically quahfied: Senior Lecturer 
$$8.469 to JS12.402 pia. Lecturer JS6,168 to 


J$9.768 p.a. Assistunt Lecturer J$$.006 to JSS 468 
pa. (Ei sterling ==-J$2.17). FSS U., Unfurnished 
accommodation at rent of 10%, of salary for maxi- 
mum of thre: years. Thereafter 20% of salary 
paid in ficu of housing. Family passages: triennial 
study leave. Detailed application {6 copies), ime 
chiding a curriculum vitae and naming 3 referees, 
should be senit by airmail, as soon as pussuble to 
the Reyistrar, University of the West Indies. Mona, 
Kingston 7. Jamaica. Detailed particulars dre 
available and should be obtained from the same 
source before an application is made. (G79) 


Pharmacologists/ 


Toxicologists 


Honours Graduates with 
required for Research and short and Jong 
term toxicological studies of compounds af 
Polunual therapeutic importance. Excellent 
opportunities for advaneement in modern, 
welbequipped laboratory, Pension and As- 
surance Scheme. Application Forms from: 
The Secretary. Biorex Laboratories Limited, 
Biorex House, Canonbury Willas, London 
Ni 2HB. (654) 


some experience 
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THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applicutions are invited for a postdoctoral Reo- 
quarch Assistant to work in colluborgtion with Dr. 
j}. W. Tucker on a theorgticul investigation of 
phonon scattcring by paramagnetic ions. The up 
pomtment, which is finanesd by the Science 
Research Council will be far a period of twa 
years. The post is availuble from Auguste F. 1974, 
Initial salary £€1.929 a yvur rising to £2.ETS on 
Octuber 1. 1974 with FASL provision. Appli- 
cations, stating qualifications and experionce 
weether with ube names and addresses of two 
referers Should be sent us spon as posse to Dr. 
3. W. Tucker, Department of Physics. The Hicks 
Building, The University. Shefficid §3 FRH. Quate 
Ref R. 12576. i (675) 


UNIVERSITY OF THE WEST INDIES 
TRINIDAD 


Applications are invited for GO SENIOR LEC- 
TURESHIP or (b) LECTURESHIP IN AGRICUL- 
TURAL EXTENSION in the Faculty of Agricufurge. 
Appointee should be a specialist in Agricultural 
Extension and should have experience in teaching 
and research in the field. Salary seales: (a) 
TTSE7 (304 to TY$25.824 pa. tb) TT$12.612 to 
TT$20,316 pa. (ŒI sterling TTS$4.8). FSS JU. 
Unfurnished accommodation at rent of I0% af 
salary for maximum of three years, thereafter 20% 
salary in dieu of housing. Family passages; 
study leave. Detailed applications (6 copies), in- 
cluding a curriculum vitae and naming 3 referces, 
should be sent by airmail, as soom as possible to 


the Secretary, University of the West Indics. St. 
Augustine, Trinidad. Further particulars will be 


sent to all applicants, (678) 


aeann RAR TANNER VHA A n PY RETIREE te ARAMA 


ZOOLOGISTS 
Zoology graduates are invited to join the edi 
torial team working on Aquatic Sciences and 
Fisheries Abstracts, an international publication. 
Starting salary is £1,728 per annum. Write to: 
Dr. E. 8. Krudy. Information Retrieval Limited, 
I Falconberg Court, London WIV 5FG. (682) 


t 





UNIVERSITY OF MELBOURNE 


LECTURESHIP 
(LIMITED TENURE—3 YEARS) 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for this position. 
Qualifications: Applicants should have 
and research experience in 
Ph.D. in Physiology, 
equivalent qualification. 
Duties: The appointee will participate in the 
departmental teaching activities, including the 
organising and supervision of laboratory exercises 

for undergraduate students, 

It is anticipated, but not essential, that the 
appointees research interests relate ta one af the 
fields being studied at present in the department: 
these include lipid metabolism, renal, respiratory 
and cardiovascular function, haematology and 
physiology of the nervous system with emphasis 
Of Sensory Processes. 

Salary: $49,002 to $12,352. 

Commencing date: January J, 1975 
as possible thereafter. 

Further detalis may be obtained from Professor 
I. Darian-Smith, Department of Physiology in the 
University. 

Conditions of appointment and application pro- 
cedure fram the Registrar, University of Melbourne, 
Parkville, Victoria 3052, Australia. or from the 
Association of Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH OPF, 

Applications close on September 6, 1974, 


teaching 
Physiology, and a 
a medical deyrec, or an 


OF ds soon 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
Department of Geology 


Applications are invited for 
SEARCH ASSOCIATE 
MICROANALYSIS). 
Duties: Will include routine care, maintenance and 
supervision of an automated electron probe mucro- 
analysur. The appointee will alsa be required to 
trait? microprobe users and assist in the preparation 
of smecimens, 

Qualifications: An appropriate degree or diploma, 
preferably an M Se. or Ph.D. Experience in elec- 
tronics, microprobe analytical technigues and 
COTPDULING procedures would be an advantage 
Tenure: Initially for a two-year period. 

Salary: To be negotiated, depending on qualifica- 
tions and experience, 

Application: Written application stating full per- 
sonal particulars and details of qualifications ang 
“experience together with names and addresses o 
three referees should be sent to Dr. K. D. Coller- 
son, Department of Geology, Memorial University 
of Newfoundland, St. John’s, Newfoundland, 
Canada. (685) 


of RE- 
PROBE 


the posi 
(ELECTRON 


Thinking ahead 
in 
Pharmaceuticals 






Glyn Jones, 
Personnel Officer, 


Priory Street, Ware, 
Herts. $672 OD. 


Allen & Hanburys 





MAKERS OF FINE PHARMACEUTICALS 


Candidates should ideally have a background in pharmacology and/or | 
physiology. Equally important is the ability to understand and communicate’ pe 
easily with those who volunteer to take part in the tests, and to maintain concise 
and accurate records and reports of her work. 


Salary and conditions of employment are attractive. Assistance with the cost 
of relocation to this very pleasant rural area will be given, where appropriate, — 
Please write, with brief career details, to | 


Allen & Hanburys Research Ltd., 





Female Clinical Assistant 
Medical Division 


The continued expansion of the activities of our Medical Division at Ware in 
Hertfordshire has resulted in the need to recruit a graduate, who willassistin © 
carrying out human pharmacological investigations associated with the testing 
of drugs. She will work closely with a Senior Scientific Officer and deputise for 
her, as necessary, under the supervision of a Senior Medical Officer. 


by 


32734 


Lakehead H University 


THUNDER BAY. ONTARIO, 
NUTRITION AND FOOD SCIENCE 


Applications invited for positian, 


rank open, 
concentrauian if community 
assist in curriculum development, 


Salary 
$17,238: Assistant Professor $13,865, 


Send curriculum vitae and names of three referees to: 


Mr Donald E. Ayre 
Secretary of the University 
Lakehead University 
THUNDER BAY. Ontario 
P7B SE} 


ERSITY COLLEGE CARDIFF 


Applications ure invited for the following vacangyi-=- 


UNIV 


LECTURE 


in Stratigraphy in the Deparimept of Geology. 
Salary Range: £2,118 to £4,896. Duties to com- 
mence January p F975. Closing date September 


14, 1974. 


Applicationse together with the names and ad- 
dresses of two referees, should be forwarded to 
The Registrar, University Cotlege, P.O. Box 78. 
Cardiff, CFI IXL, from whom further particulars 
may be obtained. Plgase quote ref. 0628, 

(689) 


in Nudrition and Food Seience; 


nutrition preferred—-to teach undergraduate courses, 


commensurate with experience und rank, 1974 floors: 


CANADA 


Ph D., or equivalent, with 
conduct research and 


Professor $21,630 Associate Professor 


(647) 





UNIVERSITY DURHAM 

DEPARTMENT OF BOTANY 
An S.R.C. Research Technician (Grade 3) is 
required for 3 years from October 1, 1974, to 
work with Dr, J. A. Pearson and Mr, C. H. 
aBnbury on ferritin and nucleic acid synthesis in 
Phycomyces binkesleennus. A graduate with ex- 
perience in microbial biochemistry would be pre- 


ferred. but other suitably qualified persons may ` 

apply. Starting salary £1,608 pa. plus threshold ~ 

payments. z 
Applications in writing, naming two referees, 


should be sent to the Deputy Personnel Officer, 

University of Durham, Old Shire Hall, Durham. 

DHI 3HP, to arrive by Friday, August 23, _ 
£692) 























Research Biologist 


Cell Biology is one of the newer activities of our Research 
Function, involving cell and tissue culture and microbiolo- 
gical work. We are now seeking a senior technical assistant 
to join a small well knit group working in these fields. 


The main scientific duties of the appointee would be con- 
cerned with fermentation and antimicrobial testing, In 
addition, he would be responsible for several junior techni- 
cians and for general laboratory management of the Cell 
Biology Unit. 


The senior assistant is likely to be aged 25-35 with at least 
ONC and preferably HNC in applied biology. Experience of 
either fermentation or antifungal /antibacterial screening over 
a period of at least 3 years would be a distinct advantage 
although general experience in a microbiological laboratory 
would also be useful. 


If you would like to be considered for this post please 
telephone (Welwyn Garden 28128) or write to the Personnel 
Manager quoting reference RH25 for a Confidential Record 
Form and further information on the Company. 


Roche Products Limited 
Welwyn Garden City Hertfordshire AL7 3AY 


(706) 








THE UNIVERSITY OF THE WEST INDIES—TRINIDAD 
EXECUTIVE DIRECTOR 


PROPOSED CARIBBEAN AGRICULTURAL RESEARCH 
AND DEVELOPMENT INSTITUTE 


Applications are invited for the post of Executive Dircetar of the Caribbean Agricultural 
Research and Development Institute (CARDI) which is to be established by the member 
Gavernments of the Caribbean Community as the successor organisation ta the Regional 
Research Centre of the Faculty of Agriculture of the University of the West Indies. The 
Institute has been established to serve the research and development needs of the region 
and will have its headquarters at the St. Augustine, Trinidad, campus of the University 
of the West Indies. 


Applicants should possess a good degree in agriculture or one of its related fields. A 
higher degree, though not essential, would be a distinct advantage. 


The person appointed will have had considerable experience in tropical agriculture or 
agricultural research and development and/or be an administrator of exceptionally high 
calibre. Experience with the region would be an advantage, 


The Executive Director will be responsible for the day to day control, management and 
administration of the Institute. 


The appointment will be on contract for five years in the first instance. Salary will be 
negotiable based on qualifications and experience. Other allowances are en A gratuity 
in leu of pension will be paid. Unfurnished accommodation will be provided at a cost of 
10% of salary. Alternatively a housing allowance of 20% @lary will be paid in leu of 
accommodation, Four weeks annual leave will be granted, Up to five full passages will be 
provided on appointment and on normal termination. 


The person appointed would be expected to assume duties aS Soon ax possible and 
preferably by October 1974. * 


* 

Applications giving full details of date of birth, marital status, dGualifications and ex- 
perience and the names and addresses of three referees should be sent by airmail, as 
soon as possible to the Secretary, University of the West Indies, St. Augustine, Trinidad 
from whom further particulars can be obtained. (676) 
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UNIVERSITY OF RHODESIA 
LECTURESHIPS IN THE 
DEPARTMENT OF 
BOTANY 


Applications ary inviied for the posts of LEC- 
TURER IN MICROBIOLOGY AND LECTURER/ 
SENIOR LECTURER IN PLANT PHYSIOLOGY. 
Special comsiderution will be given to applicants 
for the microbiology post with experiences in plant 
virology and serology. The appointee to the plant 
physiology post will have prime responsibility. for 
tH teaching and research in plant physiology. 





Salary Seales (Approximate E Sterling cquivalents): 
Senior Lecturer: £5,484 by 219 to £7,239. Lecturer 
Grade Eo £4,984 by 184 io £8,720. Lecturer Grade 
Hy £3.07) by J58 lo £3,548 by 178 to £3,895 by 
L85 to £4,635 by 174 to £4,809. 


Family passages and allowance for transport of 

effectis on appaintument. Installation foan of up to 
half of one year's salary if required. Unfurnished 
University accommodation guaranteed for a period 
of at feast three years for persons recruited from 
outside Rhodesia. Sabbatical and triennial visits 
with travel allowance. Sunerannuation and medica! 
aid schemes. 
Applications: (6 copies) giving full personal par- 
ticulurs (ineluding full sames. place and date of 
birth, ete.) Qualifications, experiences and publi- 
culions, and naming three referees, should be sub- 
mitted by August 31, 1974, to the Assistant Rugis- 
trar (Science), University of Rhodesia, P.O. Box 
MP 167, Moum Pleasant. Salisbury, Rhodesia, 
from whom further particulars may be obtuined. 
Applicants from outside Southern Africa should 
send a copy of their application to the Association 
af Commonwealth Universities (Appts). 36 Gordon 
Square, London WCIH OPF, from wham further 
particulars may also be obtained, {687} 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of Post 
Doctoral Reuscurch Assistant from October 1, 1974 
or January i, 1975. The successful candidate will 
be expected to pursue a research and develupment 
programme involving the application of neon Rash 
tubes to uncicur partici detectian with special 
reference to high energy y-radiation. The pro- 
gramme wil involve work at the Science Research 
Council's high energy accelerators. 

The appointment. which is funded by the 
Science Research Council, will be for a period 
of twa years. 

The salary will bo on the scale from £2,088 pw 
£2,793 with FSS EU. benefits, 

Applications (3 copies) inclading the names and 
addresses of three referees should be sent by 
September 2, 1974, to the Registrar and Secretary, 
Science Laboratories, South Road, Durham DH! 
3LE. from whom further particulars may be 
obtained. (691) 





DEPARTMENT OF BIOPHYSICS 
TECHNICIANS 
Grade 3 

required to assist with research project as follows: 
(i) BIOCHEMISTRY TECHNICIAN with experi- 
ence in protein separation techniques, 
(2) ELECTRON-MICROSCOPE TECHNICIAN 
with experience in autoradiography. 

Salary in range £1,650 to £9,920 plus £228 
London Weighting plus Threshold. 

Application form from Personnel Officer {N} 
(Technical Staff FDI}. University College London, 
Gower Street, WCIE 6BT. (696) 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 
{In association with Se. George’s Hospital 
Medical School and the Royal Dental Hospital 
of London Schowl of Dental Surgery) 


LECTURER IN BIOCHEMISTRY 


Applications are invited for the post of LEC- 
TURER in the Biochemistry Department of the 
Basic Medical Science Group of Chelsea Callege, 
from October 1. 1974. The person appointed must 
be willing to become whaleheartedly involved in 
the undergraduate: and postgraduate teaching of 
am active expanding department, and be prepared 
to participate in the wark of the other sections 
of the Group and of the collaborating Medical and 
Dental Schaois. The successful candidate will also 
be expected to maintain an active cammitment to 


@rescarch, preferably in collaboration with other 


workers in the Group or associating Schools. 
Salary Seale: £2,118 to £4.896 per annum plus 
£213 London Allowance. Further particulars and 
application forms from the Personnel Officer N. 
Chelsea College, Manresa Road, London SW3 
6LX. Closing date August 28, 1974. (697) 
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THE UNIVERSITY OF 
MANCHESTER 
Department of Medical Oncology 
(Christie Alaspital and Holt Radium Institut.) 
Applications are invited for the following posts 
n the new Department of Medical Oncology al 
Christie Hospital, 


i: LABORATORY TECHNICIAN 
Duties will include cryopreservation of — cells 


and assistance with research in the field of human 
turnour immunology. Applicants should have an 
ONC ar equivalent qualification and at feast 3 
years’ back-gruund experience preferably inm Ussue 
culture Gr cellular immunology. Salary scale £1,650 
to £1,920 per annum. 


2 MEDICAL LABORATORY TECHNICIAN IN 
HAEMATOLOGY 

Wark will involve a number of research projects 
in the field of tumour immunology in palicnts 
with malignant diseases of the haematopuictic 
system, Applicants should have the A.EM.L.T. in 
hacmatolagy and at kast 2 years experience in 
hucmatology folowing qualifications. Commencing 
salary up to £1,908 per annum on scale for 
Medical Laboratory Technicians (£1,857 to £2,451 
per annum). 

Applications with full details of age, qualifica- 
tions and previous experience should be serg to 
Professor D. Crowther. Dept. of Medical Oncology, 
Christie Hospital and Holt Radium Institute, 
Withington, Manchester M20 9BX. (688) 


UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOCHEMISTRY 


Research Assistantship in Marine 
Biochemistry 


Applications are invited for an S.R.C, post- 
doctoral research assistantship to work on the 
control of fat metabolism in fish and other lower 
animalis for three years. The assistant would spend 
the first year in the Biochemistry Department, 
Oxford, learning and developing techniques asso- 
ciated with enzymes of fat metabolism. The follow- 
ing two years would be spent at the Marine 
Biology Laboratory, Plymouth. Ik is expected that 
close collaboration between Oxford and Plymouth 
will be maintained during the course of this work. 
Preference will be given to candidates who håve 
had a research training in Biochemistry but who 
have also had some experience of Zoology or 
Marine biology. i 

The salary will be on the scale £1,920 to £3,636 
pa. with F SSU. membership. 

Applications, giving brief curriculum vitae and 
names. of two referees, should be addressed to 
Dr. E. A. Newsholme, Department of Biochemistry. 
South Parks Road, Oxford. The closing date for 
applications is September 14, 1974. (693) 





NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
MILL HILL--LONDON 


GRADUATE BIOCHEMIST required in the 
Division of Biophysics to assist in the re- 
search of enzyme structure and function. 


Experience in enzyme preparation and assay 
preferred. Salary on scale £1,650 to £2,343 


pa. plus £125 p.a. threshold agreements. 
Please apply, quoting ref: JTO/BP to J. H. 
Woodcock, Personne) Officer, National Insti- 
tute for Medical Research. The Ridgeway, 
Mill Hill, NW7 1AA, Tel: 959-3666. j 

(701) 


BIRKBECK COLLEGE 
(University of London} 


RESEARCH ASSISTANT IN 
PALAEOBOTANY 


Applications are invited for a post of Research 
Assistant in Palacobotany and Paiynology. Honours 
degree in Botany required, ideally with experience 
in palacobotanical methods. 

Salary within range £1,686 to £2,412: appoint- 
We for up to three years, beginning October 1. 

7 


Further details and application forms from the 
Deputy Secretary. (N), Birkbeck College, Malet 
Street, London WCIE 7HX. Closing date August 
31, 1974. (695) 





UNIVERSITY OF 
BRITISH COLUMBRIA 
DEPARTMENT OF PHARMACOLOGY 
Two associate 


to be 

appointed by July 1, 1973; 
(a) one PHARMACOLOGIST, PhD and/or MD; 
(b) one CLINICAL PHARMACOLOGIST, MD 
and PhD or equivalent plus specialty qualifications. 

Salary. to be negotiated. Duties include teaching 
and research. Applications including curriculum 
vitae and the names of three referees to be sent 
to Dr. Mo C. Sutter, Head, Department of Phar- 
macolovy, University of British Columbia, Canada, 
V6T 1W5, by December 1, 1974. 

An Equal Opportunity Employer, M/F. (702) 


assistant or professors 





CSIRO 
AUSTRALIA 


DIVISION OF ANIMAL HEAL 
SYDNEY, N.S.W. 
RESEARCH SCIENTIS 


The Commonwealth Scientific and Industrial Research Organisation 
has a broad charter for research into primary and secondary industry areas. 
The organisation has approximately 6,500 employees—2,]00 of whom 
are research and professional scientists—-located in Divisions and Sections 


throughout Australia. 


HE 


General: 


Duties: 


Qualifications: 


bacteriology. 


Salary: The appointment will be made within the salary ranges of Re- 
search Scientist or Senior Research Scientist: $A9,698 to $A14,706 p.a. 


fixed-term appointment carries 
Government Superannuation benefits. 


Applications stating full personal and professional details, the names 
of at least two professional referees, and quoting Reference Number 


Tenure: An indefinite or 


201/461, should reach:- 


The Personnel Officer, 
Australian Scientific Liaison Office, 


64-78, Kingsway, London WC2B 6BD, 


Applications in U.S.A. and Canada should be sent to 


The Counsellor (Scientific), 


Embassy of Australia, 1601 Massachusetts Avenue, N.W., 


WASHINGTON, D.C. 20036, U.S.A. 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 


BABRAHAM, CAMBRIDGE, CB2 4AT 
SCIENTIFIC OFFICER 


required in the Director's Unit. Applicants should 
have a pass degree, H.N.C. or equivalent. The 
successful candidate will assist in an  interdiscipli- 
nary research program involving the use of electro- 
physiology and hispological techniques, bioassay 
of hormones and specialised care of experimental 
animals. Experience in one or more gof these fields 
would be an advantage, but enthusiasm and adapt- 
ability are regarded as of equal importance. 
Salary in the scale £1,592 to £2,675 according to 
qualifications anal experience. There is a non-con- 
tributory Superannuation Scheme. Applications 
with full details should be sent to the Secretary 
of the Institute as soon as possible quoting re- 
ference D.U.2. (7033 


D: EXPERIMENTA 


The Division has three major laboratories—the Animal Health 
Research Laboratory, Parkville, Victoria; the McMaster Laboratory, Sydney, — 
N.S.W.; and the Long Pocket Laboratories, Indooroopilly, Queensland. 
The appointee in this instance will be located at the McMaster Laboratory, 
the Divisional centre for studies into gastro-intestinal disase of which 
helminths of sheep and cattle constitute a major component. 


To work on aspects of gastro-intestinal pathology with particular 
reference to the scouring diseases of young stock and enterotoxaemia in 
sheep and cattle. To collaborate and interact with scientists studying the 
pathophysiology of halminth infections and with helminth immunologists 
currently working at the McMaster Laboratory. 


A degree in veterinary science or equivalent qualifications, 
and a Ph.D. degree in a relevant discipline or equivalent qualifications, 
supported by satisfactory evidence of research ability and experience in 














Australian 


by the 6th September, 1974. 


(709) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ZOOLOGY 


A position exists immediately for a POST+ 
DOCTORAL RESEARCH WORKER in mamma- 
lian cell mutagenesis to join a group working on 
the cell cycle. Applicants should have a Ph.D. and 
experience in cell culture techniques and muta- 
genesis; some biochemical experience would be use- 
ful. The post is funded by grants from the Cancer 
Research Campaign and will initially be for two 
years with the possibility of further support. Salary 
within the range £2,800 to £3,800 p.a. according 
to age and experience, and superannuation with 
the F.S.8.U. sg 


Written applications giving the names of tw 
referees and including a curriculum vitae shoul 
be sent to Dr R. T. Johnson, Department of 
Zoology, Downing Street, CAMBRIDGE CB2. 36I. 

(709) 










Senior 


Technician 
£2346-£3147 


Applications are invited from persons qualified to 
HNC or HND level and possessing relevant ex- 
perience for the post of Head Technician in the 
Division of Bacterial Products in this Institute. The 
primary functions of the Division are to control, 
on behalf of the DHSS, the quality of all bacterial 
vaccines and antibacterial sera used in the U.K. 
This werk is integrated with a related research pro- 
gramme. 


The person qualified will be responsible for the 
smooth and effective operation of all technical ser- 
vices in the Divisicn and will, in addition, undertake 
a defined aspect of the work under the supervision 
of a member of the Senior Scientific Staff. 


Please apply, giving brief details (an application 
form will be sent.to you) quoting refrence 0035 to 
R.S. Dunn, Personnel Officer, National Institute for 
Biological Standards & Control, Holly Hill. Hamp- 
stead, London, NW3 6RB Telephone: 435 2232. 


Ho 


National Institute for Biological Standards and Control 
(699) 


NATIONAL COAL BOARD 


Mine Geologists 


Applications are invited for the post of Mine Geolo- 
gist, each to serve 2 or 3 collieries in the East Pennine 
Coalfields. 

The successful candidates will be responsible for 
recording geological information and participating in 
investigations into the effects of the geological 
environment on mining operations. The work will 
mainly involve underground duties. 

Applicants should have an honours degree in 
Geology. Training in underground geological tech- 
niques will be given to the successful candidates. 
Starting salary will be paid, in accordance with 
qualifications and experience, within the scale £2,345 
-£2,885, 


Write for details to:— 


Recruitment Education and Training Branch, 
National Coal Board, 
Hobart House, 
Grosvenor Place, 
London SW1X 7AE 





(710) 
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AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE, CB2 4AT 
HIGHER SCIENTIFIC OFFICER 


required in the Department of Apphed Biology 
to work in a Jaboratory concerned with Animal 
Behaviour and Physiology. Minimum qualifications 
pass degres or HN. C. and considerabile laboratory 
experince preferably in one or more of the follow- 
ing subjects: physiology. experimental psychology. 
ethology. Salary in scale £2.461 to £3,371. The 
post is pensionable. A new modern superannuation 
scheme is being devised. Application forms and 
more details may be obtained from the Seerctary 
Mo othe «Institute. Please quote refrence B.A.4, 
Clasing date Augusti 25, F974. (704) 





UNIVERSITY OF MELBOURNE 
CHAIR OF ELECTRONICS AND 
COMMUNICATIONS 


The University of Melbourne invites applica- 
Hons for the newly eceeated Chair of Electramies 
and Communications, which i a second chair in 
the Department of Electrical Engineering. The 
appointee will be expected to develop teaching 
and reseurch and to participate in departmental 
and faculty activities. 

Salary: $A9.614 per annum. 

Further information about the pusition, appheca- 
Hon procedure, superannuation, travel and removal 
expenses. housing assistance and conditions of 
appoinment is uvallable from the Association of 
Commonwealth Universities CAppts). 36 Gordon 
Square, Landon WCIH OPF. 

Applications close on November 1, 1974. 

(707) 

CONNECTIVE TISSUE RESEARCH 

A post-doctoral position is available for a young 
biochemist 10 collaborate in studies on connective 
tissue catabolism. A first-class background is essen- 
tial for this interesting and varied research pro- 
gramme and a knowledge of sume aspect af 
connective lissue research would be an advantage. 
The position would be mast sunable for someone 
who has recently finished his thesis, 

The appomtment is for one year im the first 
instance, and may be renewabic. Salary on M R.C. 
scale depending on qualifications and age. Write, 
with full curriculum vitae and the names of two 
referees to Dr. John J. Reynolds, Strangeways 
Research Laboratories, Wart's Causeway, Cam- 
bridge CBI 4RN. (705) 





FELLOWSHIPS AND 
STUDENTSHIPS 


THE POLYTECHNIC OF 
NORTH LONDON 
CHEMISTRY DEPARTMENT 


POST-DOCTORAL 
RESEARCH FELLOWS 


Applications are invited) from suitably 
qualified research workers for two Research 
Fellowships, to work on the following pro- 
jects, which are supported by the Science 
Research Council. 


t. A Biogenetically~-patterned Corrin Syn- 
thesis. Experience in synthetic organic 
chemistry would he an advantage for 
this project. 


Structural Studies of the Coordination 
Template Effect of Metal Tons. Expe- 
rience of X-ray crystallographic work is 
desirable for this project, 

The appointmenis will be temporary, 
intially for two years. The salary scale is 
£2.51 by £90 to £2,421 and paid part-time 
teaching work may be available in addition, 


Applicants should reply giving details of 
qualifications and experience, and the names 
of two referees to Dr A. P. Johnson (for 
post I) or Dr. P. G. Owston (for post 2), 
Chemistry Department, The Polytechnic of 
North Londen, Holloway Road, London N7 
EDB. (6345 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
Applications are invited for the following: 
RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


POSTS IN THE DEPARTMENT OF 
GENETICS 


Several positions are available in the Department 
(Head: Professor W. Hayes, F.R.S.), for appoint- 
ment as Senior Fellow, Fellow, Research Fellow 
or Postdoctoral Fellow, to initiate a programme ot 
research on regulation and diffeerntiation in lower 
eukaryotes. Applicants should have experience of 
biochemical as well as genetical methods. The 
department, with about twelve academic staff, is 
well equipped and has only research responsibilities. 
Current research topics include regulatory mech- 
anisms in phage, bacteria and Neurospora; devel- 
opmental genetics and transgenosis in plants; and 
evolutionary studies on bacteria and vertebrates. 


Closing date: September 14, 1974. 


FELLOW: DEPARTMENT OF GENETICS 


Applicants should have special knowledge of, 
and expertise in, bacterial and phage genetics with 
particular reference to membrane biology. 

Closing date: August 30, 1974. 


Salaries: Salary on appointment to the posts will 
be in accordance with qualifications and experience 
within the ranges: Senior Fellow $A14,724 to 
$A16,921 pa; Fellow $A10,771 to $14,704 p.a. 
Research Fellow and Postdoctoral Fellow $A9,002 
to $12,269 p.o. Current exchange rates are approxi- 
mately $A1=67p=$US1.49, 


Other Conditions: Tenure: Senior Fellow and 
Fellow for five years in the first instance with the 
possibility of extension to retiring age; Research 
Fellow normally for three years in the first instance 
with the possibility of extension to a maximum of 
five years; Postdoctoral Fellow for not Jess than 
one year and not more than two years. Postdoctoral 
Fellows would normally have recently completed 
the Ph.D. degree. 

Reasonabel travel expenses are paid and assist- 
ance with housing is provided for an appointee 
from outside Canberra. Superannuation (where 
applicable} is on the F.S.S.U. pattern with supple- 
mentary benefits, 

Travel expenses from overseas (except New 
Zealand) are not provided for posts at the level 
of tutor but assisted passage can be considered for 
a person offered appointment from the United King- 
dom who intends to settle permanently in Australia. 

The Uuiversity reserves the right not to make an 

appointment or to make an appointment by invita- 
tion at any time, 
__ Prospective applicants should write to the Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, for further 
particulars before applying, (636) 


ONAL CA AN ALC lidna par aaie 


LA TROBE UNIVERSITY 
MELBOURNE, AUSTRALIA 


RESEARCH FELLOW IN GENETICS 
AND HUMAN VARIATION 


(one or two positions) 

Applicants will be appointed for one or two 
years, with possible extensions up to a total tenure 
of three years. They will be expected to work in 
one of the areas of interest of the Department 
which include _ behavioural, cellular, ecological, 
human, microbial, population and quantitative 
genetics and cytogenetics. Enquiries may be dir- 
ected to Professor P, A. Parsons, Chairman of the 
Department, in the University. 


Salary: $A7,$45 to 2 by $A292 to 3 b A2 
to 4 by $4479 to 5 by $4478 to $412,352. eae 


Further information and application forms 

are 
available from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar, La Trobe 
University, Bundoora, Victoria, Australia 3083. 

Applications close on September 13, 1974. 

(529) 

Sane rmeteec—meetvmuveerstartmamnatnatntrrettnritin rssh nfn- eats aa 


THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


for work on the combustion and flammability of 
hydrocarbon mists. The Fellowship will be avail- 
able for one year in the first instance, and the 
initial salary will be about £2,500. Further details 
may be obtained from Professor C. F. Cullis, 
Dtpartment of Chemistry, The City University, St 
John Street, London ECIV 4PB, to whom applica- 
tions (together with the names of two referees) 
should be sent before August 31, 1974. (606) 





The European Molecular 


training in molecular biology. 








The Short-term Fellowships are 






arising at short notice. 






at the “junior” 









problems, Upon 









Application forms and further 
Executive Secretary, European 
Postfach 1022.40, Germany. 





UNIVERSITY OF LEEDS 


DEPARTMENT OF 
INORGANIC AND 
STRUCTURAL CHEMISTRY 


Applications ate invited from suitably ex- 
perienced chemists or physicists for a post 
of POSTDOCTORAL FELLOW to investigate 
the mechanisms of FAST IONIC TRANS- 
PORT IN INGRGANIC SOLIDS primarily by 
utilising the radioactive tracer technique sup- 
ported by possible evidence of defect structure 
from high temperature diffraction measure- 
ments, and interpreted in conjunction with 
the resonance studies already being under- 
taken. 


S.R.C. funds are available for 2 years from 


October 1, 1974: salary on the scale £2,118 
to £2,412 plus F.S.S.U., depending on age 
and experience. Further infarmation from 
Dr A. T. Howe, Dept. of Inorganic and 
Structural Chemistry, The University, Leeds 
LS? 9JT, to whom applications, including the 
names of 2 referees, should be sent as soon 
as possible. (608) 


UNIVERSITY OF LIVERPOOL 
UNIT OF REPRODUCTIVE BIOLOGY 


Applications are invited from honours graduates 
who are interested in physiological research and 
who have a degree in either Physiology or Zoology, 
for a graduate studentship in this Unit. 

Applications should be received as soon as 
possible by the Registrar, The University, P.O. 
Box 147, Liverpool L69 3BX. Quote ref. RV/ 
276164 /N. (638) 





UNIVERSITY OF MANCHESTER 
Department of Geology 
in collaboration with 
Selection Trust Ltd. 
N.E.R.C. C.A.S.E. Studentship 


Applications invited for a studentship tenable 
from September to work for a highe® Degree on 
the relationship between minecralsation and geo- 


logical setting in Carboniferous rocks. Applicants 
should hold an Honours Degree Gr equivalent 
qualification in an appropriate discipline, some 


mineral exploration experience an advantage, Ap- 
plications with curriculum vitae and names of two 
referees as soon as possible to the Secretary, 
Department of Geology, The University, Man- 
chester MI3 9PL, from Whom further details are 
available. (665) 


European Molecular Biology Organization 
(EMBO) - 


Short- and long-term fello vsh 
in molecular biology — 


Biology Organisation 
working in laboratories within the European area both short-term (from a few days 
to several weeks) and longer-term fellowships for collaborative research or advanced 


to support 
purpose of carrying out experiments with special techniques or of other forms of 
scientific collaboration or advanced ‘raining, and especially to support developments 


The Long-term Fellowships will usually be for a period of one year, but applications 
for renewal will be considered. They will be awarded upon individual application, 
level to promising young research workers who may then spend 
prolonged periods in other laboratories working under the guidance of leaders in 
the field of molecular biology. At the ‘“‘senior” level, they may be awarded to _ 
enable established research workers to gain experience in new approaches and new. — 
application by European Institutions : 
level may also be awarded to specialists who can assist in the initiation and development 
of research programmes in the sponsoring Institution. Such “‘sponsored’’ awards may 
be made to established workers at all stages of their career beyond the postdoctoral Stage. 


may be obtained 
Molecular Biology Organisation, 


details 















intends to award to scientists 









visits to other laboratories for the 








fellowships at the “senior” 










Dr F. Yooze, 
Heidelberg 1, 


from 
6900 










(521) 





UNIVERSITY OF WESTERN 
AUSTRALIA | 
PERTH 


UNIVERSITY RESEARCH 
FELLOWSHIPS (POSTDOCTORAL) 
Five Research Fellowships will be offered, to be 

taken up as soon as possible. Appointment will be 
for one year in the first instance with the possi- — 
bility of renewal for a second year. The Fellowships: 
could possibly be renewed also for a third year, 
but in competition with any new applications. The 
will be tenable in the following academic depart 
ments for work in the areas stated below: | 


Italian High Renaissance, e. 1480=1520 






Hatan: 
(1600). 

Philosophy: Locke. 

Economics: Economic Theory. 


Politics: Evaluation of federal-state polities ino 
government in Australia. ae 
Mechanical Engineering: Environmental Fluid 


Mechanics OR Control. Systems, os 
Electrical and Electronic Engineering: Integrated i 
Optics—Optical Communications, 
Botany: Plant Fine Structure. 

Psychology: Child Development OR Vision. 
Biochemistry: Mechanisms of Lactation and 
Parturition OR Developmental Biochemistry. 

Microbiology: Antigenic Variation in Viruses, 


Tht Fellowships are intended primarily for Ph.D. 
graduates (normally from other universities), or 
those with equivalent qualifications, who by publica- 
tion and in other ways have demonstrated significant 
research capability. Initial salary will be within 
the range $A7,54 to $A9,002 p.a.. and appointees 
may in certain circumstances be considered for 
admission to an F.S.8.U. superannuation scheme, 
Fellows may bt given the opportunity to participate 
in teaching. An overseas appointee would be entitled 
to appointment expenses of up to $AI,000 and an 
appointee from within Australia to fares for self 
and spouse, 





Applications in duplicate setting out full personal 
particulars, qualifications and experience, and = = 
describing the details of the research interest should. sii 
reach the Staffing Officer, University of Western 
Australia, Nedlands, Western Australia 6009, by 
September 30, 1974. Candidates should request three — 
refertes to write immediately to the Staffing Officer: =- 

(645) 2 




















UNIVERSITY OF CAMBRIDGE 


DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP IN PHYSICAL 
BIOCHEMISTRY 


Applications are invited from honours graduates in Chemistry and Bio- 
chemistry for studies on the physical biochemistry of enzymes. The nature 
of the award will be equivalent to an S.R.C. Studentship and the candidate 
will be able to register for a Ph.D. degree. 


Applications giving curriculum vitae and the names of two referees should 
be sent by August 3ist to Superintendent, Department of Biochemistry, 
Tennis Court Road, Cambridge CB2 1QW. 






and Technology) 


Applications are 


This studentship is 


the industrial sponsor. 


The work, initially for one year, will lead to the degree 
of M.Phil. The salary of £900 pa. will 
addition fees and reasonable expenses will be met. 


Kingston Lane, 
Hillingdon, 
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THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW’'S HOSPITAL 


WEST SMITHFIELD, LONDON ECIA 7BE 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


for work of the Mechanisms of Action and Control 
of Thiol Enzymes. 

Applications are invited for the above post ten- 
able for 2 years from October 1, 1974, from 
graduates with a Ph.D. and experience in kinetic 
and/or fluorescence work with enzymes. 


The successful applicant will work with Dr K. 
Brocklehurst on the reactivity characteristics of 
thiol groups in enzyme catalytic, regulatory and 
reporter sites. Use will be made of novel reagents 
tailor-made by Professor H. Suschitzky’s groups in 
the University of Salford. Salary on the Scale 
£2,118 to £2,412 p.a. plus £213 London Allowance. 
Curriculum vitae and names of 2 referees to The 
Secretary of the Medical College, quoting reference 
669. (639) 


BRUNEL 
UNIVERSITY 


(Department of Polymer Science 


for the 
CHEMICALS RESEARCH STUDENTSHIP from graduating 
and recently graduated chemists or material 


invited 


Werk will be in the field of solid polymer characterisa- 
tion but aimed at products of civil engineering end use. 


unique in that very close 


will be encouraged between the student/University and 


Candidates——Male or Female should apply to:— 


Mr G. BR. Southern, 


BRUNEL UNIVERSITY 


Department of Polymer Science, 


Uxbridge. 





(%664) 






CEMENTATION 


scientists. 










liaison 


be paid. in 









UNIVERSITY OF EDINBURGH 
RESEARCH FELLOW 
DEPARTMENT OF THERAPEUTICS 


A Research Fellow with or without medical 
qualifications is required for a research project for 
2 years on cancer immunology relating to the im- 
munological status of patients with lung or breusi 
cancer and the assessment of immunological tests 
for cancer under the direction of Dr. W. J. Irvine, 
immunology Laboratories, Department of Thera- 
peutics, Royal Infirmary amd 2 Forrest Road, 
Edinburgh. 


The salary scale i for non-clinical or clinical 
lecturers (£2,118 to £3,474) according to age, 
qualifications and experience. 


Applications, together with tHe names of two 
referees, should be sent to the Secretary to the 
University. University of Edinburgh, Old College, 
South Bridge, Edinburgh, gEH8 9YL. Please quote 
reference number $042. (694) 











Vol, 


AUSTRALIAN NATIONAL 
UNIVERSITY 


invid for auppainlmwnt to the 


Nature 250 August 9 1974 


Applicaligns afe 
followin: 


RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 


PROFESSORIAL FELLOWSHIP 
Department of Neurobiology 


The Department (Head: Professor G. A. Hor- 
ridge) has an active programme of reseurch in the 
neural basi of behaviour und oo perception in 
lower animals, mummy insects umd crustucea. Ap- 
plicants should be cupable of ua strong research 
programme im am aspect af neuroblalogy which is 
either complementury oor supplementary dto the 
present interests, which include: Ci) mechanisms 
of arthropad viston: (b) growth and regenendtion 
of insect merves: {ch cumntrol af omovernent m 
crustaceans, GD brochemisiey af iseci peurons; 
G9 insect sound productien and bearing, (f) oxtab- 
lishment of connections between nerve coiis. 

The University is looking for a man with un 
ambitious project who finds himself restricted by 
lack of assistance, research litte oro capuipnent. 
Vertebrate neurobiology is mor excluded. Tho posi- 
tion is tenured. with opportunity to inan graduale 
SLudetits, 

Closing dute: September 21, 


JOHN CURTIN SCHOOL OF 


1974. 
MEDICAL 


RESEARCH 
SENIOR RESEARCH FELLOW, 
FELLOW OR SENIOR FELLOW IN 


PHYSICAL BIOCHEMISTRY 


Appuintment will be im the Deparunent ol 
Physical Biochemistry (Head: Professor L. W, 


Nichol) Applicants should be iftterested in suring 
up a small research group to carry out theoretical 
and experimental) studies involving biological 
macromolecules or systems. Fhe Department is 
well equipped for the study of macromolecular 
properties in solution: the fields of muclear mag- 
netic resonance spectroscope and X-ray crystally- 
graphy wHE not be pursued as major interests within 
the Department in the near future. 

Closing Date: October 21, 1974. 
SALARIES: Salary for a Professaria! Fellow is 
ŞA 3f pa. Salary on appointment to the other 
post will be in accordance with qualficutions and 
Senior Fellow 


experiunce within the ranges 1 Z 
$Ai4.724 to $16,921 pia. Fellow $AI071 to 


$14,704 pa.. Senior Research Fellow SA13.163 to 
$15,548 pa.. Current exchange rates are approxi- 
mately SAI: 67NP: $SUSI.49. 

OTHER CONDITIONS: tenure; Professional Fellow 
to retiring age {65 yearsi: Senior Fellow and 
Fellow for five years in the first instance with 
the possibility af extension to retiring age. Senior 
Research Fellow normally for three years m the 
first instance with the possibility of extension to 
a maximum of five years, 

Reasonable travel expenses are paid and assis- 
tance with housing is provided for an appomice 
from outside Canberra. Superannuation is on the 
ESSU. patem with supplementary benefit. 

The University reserves the right mot ta make 
an appointment or to make an appointment by 
inviialion at any time. 

Prospective  appliicams should apply to the 
Association of Commonwealth Universities (Appts), 
% Gordon Square, London WCIH OPF. for 
further particulars before applying. (686) 
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NATIONAL RESEARCH 
DEVELOPMENT COUNCIL 
N.R.D.C. FELLOWSHIP 


Applications are invited for an N.R.D.C. Fellow- 
ship. The successful candidate will work under the 
direction of Dr K., Jewers at the Tropical Products 
institute: on the isolation and transformation of 
biologically active compaunds from tropical plants. 
The Fellowship is tenable for one year in the 
first instance with the possibility of renewal subject 
to satisfactory progress being made. 

Applicants should have a degree or equivalent 
in chemistry plus at least two years postgraduate 
experience. 

Salary in the region of £2.689 per annum plus an 
annual feave allowance of 22 days. 


N.R.D.C. RESEARCH ASSISTANTSHIP 

Applications are also invited for an N.R. D.C. 
Research Assistantship. The successful candidate 
will work under Dr K. Jewers at the Tropical 
Products Institute on the pharmacology of biol- 
ogically active constituents isolated from tropical 
plants. This post is alsa tenable for one year m 
the first instance with the possibility of renewal 
for a further period subject to satisfactory progress 
being made. 

Applicants should have a degree or equivalent in 
pharmacology. Salary £1,820 to £2,040. 

Application forms for both these posts fram 
Miss C, A Hall, Tropical Products Institute, 127 
ClerkenwcH Road. London ECIR SDB, (635) 
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favor 


| 5,000 
RADIOCARBON 
SAMPLES 
ANALYZED 
E ISOTOPES 


~~ 50 VAN BUREN AVE. — WESTWOOD, N.J. 07675 
Ze PHONE: 201-664-7070 — TELEX: 134-474 


ZH WE ALSO DO: 
K/Ar, Rb/Sr and U/Pb AGE DETERMINATIONS 
STABLE ISOTOPE ANALYSIS 13c/12c, 180/160, 15n/14n, 225, H/D 


















Studies in History 
and Philosophy 
of Science 


Studies in History and Philosophy of Science is a 
quarterly journal which analyses the genesis, evolu- 
tion and logic of scientific thought. it attempts to unite 
historical and philosophicai approaches to science. 





Differentiation 


Ditferentiation, published bi-monthly, provides the 
opportunity for interdisciplinary communication. This 
journal offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon — differentiation. It aims to cover the 
following areas of study: embryonic differentiation, 
normal cell growth and division, carcinogenesis and 
the cancer probiem as an aspect of cell differentiation, 
inter-tissue reactions in vivo and in vitro, genetic 
mosaicism, nucieo-cytoplasmic interactions, nuclear 
transplants, cell hybridization, evolutionary biology, 
membrane controls of the cell, plant evolution and 
differentiation, immunological events relevant to 
differentiation. 











Recent papers include: 
Maxwell’s Methodology and his application of it to 
Electromagnetism, A. P. Chalmers. The Astronomy of 
Eudoxus: Geometry or Physics?, Larry Wright. 
Conceptual Structures and Scientific Change, Garry 
Gutting. Whewell’s Theory of Scientific Language, 
Morton L. Schagrin. Speculation in Physics: The 
theory and practice of Naturphilosophie, Barry Gower. 
Feyerabend and Galileo: the interaction of theories, 
and the reinterpretation of experience, Peter K. 
Machamer. Edited by Gerd Buchdahi, Reader in 
History and Philosophy of Science, Universily of 
Cambridge and Professor L. L. Laudan, Chairman, 
History and Philosophy of Science, University of 
Pittsburgh. Published by Macmillan Journals Limited. 








Recent papers include: 

Degree of differentiation in non-proliferating cells of 
mammary carcinoma, C. V. Wylie, P. K. Nakane and 
G. B. Pierce. DNA synthesis and the production of 
antibodies by lymphoid tissues, G. Harris. The 
principle of sequential dependence in cellular 
differentiation, P. A. Riley. Edited by: Dimitri Viza. 
Faculté de Médecine Pitié Salpétriere, Paris. 













Annual subscription £20 (£22.00 U.S.A. and Canada). 
Prices applicable only to orders started before 31st 
December, 1974. Payment may be made in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X8, England. 


Annual Subscription £8.50 (£9.50 U.S.A. and Canada). 
Prices applicable only to orders starting before 3ist 
December, 1974. Payment may be made in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Chequeg should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X5, England. 
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Bringing automatic chemistry down to size 


The ABA.100 will provide your 
laboratory with a fully automatic 
discrete and highly flexible clinical 
chemistry analyser, which combines 
high workload capacity with high 
resolution spectrophotometry, both 
U.V. and visible. 

Speed 

100 to 150 samples per hour 

Ease 

Automatic processing, data handling 
and print out. 

Convenience 

Kinetics and end points, 30°or 37°C," 
unit conversions, increasing or 
decreasing absorbance measurement 
at the flick of a switch. 


Accuracy & Precision 

C.V.’s typically better than 2% in the 
normal range. 

Temperature maintained to within 
+0.7°C. 

Automatic reagent blank correction. 

Data-calculations and conversions 


performed by integral mini-computer. 
Conversion directly into lU/1 or mgm. 
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Automatic warning of non-linear rate 
reactions. 

Economy 

Saves substrate—uses as little as 

250 ul. l 
Saves serum—uses as little as 5 I. 
Saves time—30 glucose in 10 minutes. 
Saves space—only 4 cubic feet of 


bench space. * 25°C AVAILABLE. 


cy 


* Coulter Electronics Limited, 
Coldharbour Lane, Harpenden, 
Herts, AL5, 4UN, England. 


Telephone Harpenden 63151, Telex 825074. 
Electronics you can count on 
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*base [8-°H] deoxyribose [5'-3H] 


* + 


Deoxyribonucleotides PH] 


Deoxyadenosine 5’-triphosphate, tetrasodium 
salt PH(G) 
NET-268 10-20Ci/mmole available from stock 


Deoxycytidine 5’-triphosphate, tetrasodium 
salt [5-7H] 
NET-369 15-30Ci/mmole available from stock 


Deoxyguanosine 5 '-triphosphate, tetrasodium 
salt [8,5'-3H(N)] 
NET-448 25-40Ci/mmole available from stock 


Deoxyguanosine 5'-triphosphate, tetrasodium 
Sait (8-7H(N)] 
NET-429 5-15Ci/mmole available from stock 


Deoxythymidine 5 '-triphosphate, tetrasodium 
salt [methyl-7H] 
NET-221H 10-20Ci/mmole available from stock 


Deoxythymidine 5’-triphosphate, tetrasodium 


salt [methyl-7H] 
NET-221X% 40-60Ci/mmole available from stock 





joins our family of Highest Specific Activity Deoxyribonucleotides 


Deoxyribonucleotides [ a -P] 


Deoxyadenosine 5'-triphosphate, tetra (triethy!- 

ammonium) salt [a-3?P] 

NEG-012 2-20Ci/mmole available from stock 

NEG-012X 50-150Ci/mmole available on regular 
schedule | 

Deoxycytidine 5’-triphosphate, tetra (triethy!- 

ammonium) salt [a-7*P] 

NEG-013 2-20Ci/mmole available from stock 

NEG-013X 50-150Ci/mmole available on regular 
schedule 

Deoxyguanosine 5'-triphosphate, tetra (triethyl- 

ammonium) salt fa-9?P] 

NEG-014 2-20Ci/mmole available from stock 

NEG-014X50-150Ci/mmole available on regular 
schedule 

Deoxythymidine 5'-triphosphate, tetra (triethy!- 

ammonium) salt [o-°?P ] 

NEG-005 2-20Ci/mmole available from stock 

NEG-005X 50-150Ci/mmole available on regular 
schedule 


Call Customer Service for complete ordering information. 


e 


am New En gl and Nuclear 





575 Albany Street, Boston, Massachusetts 02118 


® Customer Service 617-482-9595 


Canada: NEN Canada Ltd., Dorval. Quebec, H9P®1B3, Tel: (514) 636-4971, Telex: 05-821808 
Europe: NEN Chemicals GmbH, D6072 Dreieichenhain, Siemensstrasse 1. W. Germany. Tel: Langen (06103) 85035 
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UNIVERSITY. OF 
INSTITUTE OF GE OLO 


A NERC funded CAS. 
able for a project concerning: tt 4s af weather- 
ing on the physical and chemkal properties of 
clays. The work, which will be submitted for a 
higher, degree, is to be” garned oul partly in the 
Reading Geology Department and partly with the 
LGS. Engineering Geology Unit. Apply immedi- 
ately ty DroR. TH, Geology Department, Univirsity 
of Readme, Whitcknights, Reading RGG ZAB. (Ref. 


ship is avall- 





eet 





REGIONAL NEUROL OGICAL 
CENTRE, 


NEWCASTLE UPON TYNE — 


Post-doctaral blochernisis. required: for research 
work Gn biochemical aspects of neuromuscular 
disease. THe: posts are Research. Associateships of 
the University. of Newcastle. upao Fyne and will 
be for one year in tbe first instance. Salaries will 
be ator near the bottom of the “University Lec- 


turers” eile. Experience in profeim chemistry, | 
W and radio- 







ehaymology. subcellular fractional 
active: acer: techniques will be an advantage. 
Applications {wih two referees} should be sent 
to FoR. T, Pennington at the Regional) Neuro- 
jogical’ Centre, General Hospital, Newcastle upon 
Tyne, NE4 6BE, from whom further information 
may be “obtained Telephone: Newcastle 3-811, 
Ext. 483) (68i) 


kmaren annae aieeee 


THE JACK CHARRINGTON 
MEMORIAL FELLOWSHIP 1974/75- 


The closing die for applications for the above 
fellowship. as advertised in July: 1. 1S74. Issue ot 
this Journal, has been” exten i; EI Auguste Jh 
1974. aie (683) 








SUBSCRIPTION - 
REDUCED RATE OFFER 


The publishers appreciate that the 
inevitable high cost of an annual subscrip- 
tion to Nature restricts many regular 
readers to a circulation or library copy of 
the journal; these readers un fortunately do 
not enjoy the privilege of a personal copy 
to read at leisure and to keep for future 
reference. 


To help such people we are making an 
offer (for a limited period) of a twelve 
months subscription for only £15 on 
condition that application is made on and 
within the terms described on the coupon 
attached. Weregretthat forthe time beingthis 
offer can only be made to people with 
addresses in the U.K. and that it will be 
withdrawn on 31st October 1974. 










If this experiment is successful, we 
hope to be able to repeat it and extend it 


over a wider area. 


Always wanted: 
BACK RUNS OF JOURNAIS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 
Back Issues Department, 

Cannon House, Park Farm Road, 

Folkestone, Kent, England. | 
M.N.4O). (644) Tel: Folkestone 57421, (i) | 
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answering advertisements 


° POSTAL CODE ee e ee S 










FOR SALE 


Perkin Elmer Model 137K Br Recording Infrared 
Spectrophotometer covering the wavelength range 
400 ta 800 wavenumbers. In good working order, 
little used. £300 or near offer. Apply Mr A. O. E 
Stuart, Department of Chemistry, The University, 
Southampton 509 SNH. TeL: Southampton 559122 
Ext. 318. (613) 
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Please mention 


this Journal when 
























PERSONAL REDUCED D RATE 
SUBSCRIPTION ORDER FORM 
(Valid only if completed before 31st October, 1974) 


R. Alexander, 

P. & R. Department, 
Macmillan Journals Limited, 
A Little Essex Street, 

London WC2R 3LF 





DATE 7 

Pisned: enter me ae a year's subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 

| enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 
Limited. 

The address to which | 
is my personal address. 


wish the journal posted 


NAR Se en eee er ee 
ADDRESS 


Registered No: 785998 England. Registered Office: 4 Little Essex St Landon WC2R 3LF | z 


a Macmillan 








Derek V. Ager 


Based on Professor Ager s observations in many parts of the 
world, this book takes a new lock at the earth's history as recorded 
in the rocks. Mingling scientific comment with academic humour 
he presents a series of original and controversial propositions 
and challenges some of the assumptions that limit the views of 
many stratigraphers to their own particular areas of interest. His 
arguments are well illustrated with diagrams and photographic 
plates and though primarily for geologists, this book will alsa be 
of interest to teachers of physical geography. 

£2.95 


Claudio Vita-Finzi 


Dr Vita-Finzi demonstrates the advantages of basing earth history 
on quantitative dating in its own right, rather than as an 
appendage of stratigraphy. Original and clearly written, the book 
may provoke disagreement but it is logically argued and will 
Stimulate discussion among students and teachers. 

£3.00, paperback £1.50 
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Water Soil and the Plant 
EJ Minter ra series PSEC IVES 


General Editor: 
Professor L. Broadbent 


The first simple account of the | $ T Ei a 
circulation of water through soil, plant | ] 4 


and atmospheres. The biological and : f 

physical phenomena involved are f ‘ : 
carefully discussed in relation to their © Edited by R. M. Kenedi 
horticultural significance. 








£1.95 paperback. 


Contains the procesami of an international 
symposium which was hel id at the University of 
Strathclyde in June 1972, topics discussed ranging 
irom cliracal measurements ar id instrumentation 
to prosthesis and artificial organs. 


‘As a lesson to all concerned with research, 
these a demonstrate the ar = of research 
most likely to produce greatest relief of human 
cl ng and most like! y to produce results, 

he multidisciplinary approach i: s obviausly 
eine made to work, and we sh ould be thankful 
that at least one branch of medical research has 
left its ivory towers and actually solves rea! 
problems. Cera iniy this. ae should be on 
the bookshelf of every hospital library’ =- 

The Medical Technologist 


EIt.50 





Macmillan 


Macmillan 


Nature Vol. 250 August 16 1974 


Vol. 250 No. 5467 August 16, 1974 


Published weekly by 
Macmillan Journals Ltd 


London 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 
Telegrams: Phusis London WC2R 3LF 


Washington 
711 National Press Building, DC 20045 


Telephone: (202) 737 2355 
Telex: 64280 


Editor 
David Davies 


Deputy Editor 
Roger Woodham 


Editorial staff 


Gillian Boucher Peter Newmark 
Sarah Bunney Colin Norman” 
John Gribbin Sally Owen 

John Hall Allan Piper 
Eleanor Lawrence Miranda Robertson 
*Mary Lindley Fiona Selkirk 
Peter Milford Mary Wade* 
John Wilson 


*Washington office 


Publishing Director 
Jenny Hughes 


Display advertisement enquiries to: 
London Office 


Classified advertisement enquiries to: 


T. G. Scott and Son Ltd, 

1 Clement’s Inn, 
London WC2A 2ED 
Telephone: (01) 242 6264 and 
(01) 405 4743 
Telegrams: Textualist London 
WC2A 2ED 


Subscription enquiries to: 
Macmillan Journals Ltd, Brunel Road, 


Basingstoke, Hants, RG21 2XS 
Telephone: Basingstoke 29242 


Publication address in the United States 


The Wm Byrd Press Inc., 
2901 Byrdhill Road, 
Richmond, Virginia 23228 


Second Class Postage for the USA 
paid at Richmond, Virginia 


US Postmaster, please send form 3579 
to Nature, 711 National Press Building, 
Washington DC 20045 


Price 
£22 per year—excepting USA 
and Canada (£28 per year) 
Registered as a newspaper at the 
British Post Office 


Copyright © Macmillan Journals Ltd, 
August 16, 1974 


Cover picture 


Three red colobus monkeys feeding 
with a black and white colobus 
monkey in the background. Differ- 
ences in the dispersal of their food 
supply may account for the different 
social organisations of these two 
species, as discussed on page 539. 
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INTERNATIONAL NEWS 
NEWS AND VIEWS 






ARTICLES 
Primate social organisation and ecology—-7. H. Clutton-Brock 


Tectonic segmentation of the Andes: implications for magmatism and 
metallogeny—-R. H. Sillitoe 







Structure of yeast phenylalanine tRNA at 3 A resolution— 
J. D. Robertus, J. E. Ladner, J. T. Finch, D. Rhodes, R. S. Brown, 
B, F. C. Clark and A, Klug 





LETTERS TO NATURE—Physical Sciences 

A model of the magnetospheric substorm—A. D. Johnstone 

Lunar electric conductivity-- D. Leavy and T. Madden 

Tungus event was not caused by a black hole-—-W. H. Beasley and B. A, Tinsley 
The formation of the Earth—R. Hutchison 


Inner floor of the Rift Valley: first submersible study—G. Bellaiche, J. L. Cheminee, 
J. Francheteau, R. R. Hekinian, X.le Pichon, H. D. Needham and R. D. Ballard 


Negative magnetic anomaly associated with Mount Kenya-—N. J. Skinner, 
N. V. Bhatt and S. Hastenrath 


The sub-Palaéozoic basement in central Ireland—P. Strogen 


Reversals of the Earth’s magnetic field and climatic changes— 
C. G. A. Harrison and J. M. Prospero 


Equatorial undercurrent and climate in the Galapagos Islands—-G. T. Houvenaghel 
Relative sizes of high and low spin states of atoms—R. J. Boyd 


Significance of the even-carbon z paraffin preference of a Spanish crude oi!— 
J. Albaiges and J. M. Torradas 








LETTERS TO NATURE-—Biological Sciences 

Age of valley deposits in Périgord-—C. Vita-Finzi 

Grassland species can influence the abundance of microbes on each other’s roots— 
P. Christie, E. 1. Newman and R. Campbell 

Catalysomes of adipose tissue are artefacts of enzyme localisation— 
P. H. Tychsen, M. Locke and A. K. Sykes 

Genetic response to environmental heterogeneity——J. F. McDonald and F. J. Ayala 





Inferred slow inward current in snail neurones——H. D. Lux and R. Eckert 574 
Neuromuscular blocking action of an alkylating local anaesthetic: site of action and 

effects of temperature and calcium ions—S. Ehrenpreis and G. M. Rosen 576 
Temperature-sensitive mutation affecting myofilament assembly in Caenorhabditis 

elegans-—H. F. Epstein and J. N. Thomson 579 
Genetic complementation after fusion of Tay-Sachs and Sandhoff cells—G. H. Thomas, 
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Cambridge 
its manpower and money 


THe University of Cambridge, in an annual gesture 
calculated to bring some relief to an editor beleaguered 
in the August silly season when government and univer- 
sities vanish, has just released a small mountain of 
statistics. Two issues of the Reporter, issued on August 
7, deal with student numbers and with sponsorship of 
research within the university. At ten pence, the pair 
provide a remarkably detailed profile of a university 
which has often claimed, with some justification, to be 
particularly distinguished in the sciences. 

For several years Cambridge’s undergraduate numbers 
have remained relatively constant. There is at the 
moment still a swing towards admitting more women but 
total numbers of students rose only 0.5% last year. 
On the other hand the numbers of those applying to 
enter is falling rather rapidly as Table 1 (compiled with 


the help of a Reporter of last year) shows. At present 


roughly half of those who apply get accepted, not long 
ago it was barely a third. 








Table 1 Trends (percentages) in student numbers from 
1973 entry to 1974 entry. 

Applications Acceptances 
English — 18 +3 
History ~—] +3 
Modern languages —18 +2 
Law +5 +4 
Mathematics =O +2 
Natural sciences —16 —10 
Engineering —8 +2 
Medical sciences =3 i — |] 





The swing away from science is manifested in an 
interesting way. If we can assume certain standards of 
rationality in the selection procedure we must conclude 
that the swing is more in quality of student than in 
quantity of applications. All of this is well known on a 
national and international scale, and those in provincial 
universities can be excused a wry smile that Cambridge 
is beginning to feel the breeze that is a gale in their own 
laboratories. Once the trend has started downwards, 
though, the question must be whether the resources of 
Cambridge are capable of reversing it. The news can only 
be good for teachers of science in schools, getting in- 
creasingly used to being courted by other universities and 
now, at long last, to be wined and dined at High Table for 
the favours of their shrinking brood. 

The other report puts together expenditures, by sources 
outside the university, of research projects for the finan- 
cial year 1972-73. At the detailed level it is a delight. The 


Department of the Environment spent £150 with Applied 


Mathematics of “Effect of wind on people”. The 
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Veterinary School received £522 worth of equipment and 
materials from “Broilers-—various”. The Science 
Research Council cheerfully gave £88,651 for “Observa- 
tional and theoretical astronomy” but needed the justi- 
fication of “Spectroscopic studies of some metal deficient 
and some strong line g and k type stars” before forking 
out another £40. And what does one make of the Min- 
istry of Defence’s total expenditure-—£114,000 by our 
addition, £14,000 by the Reporter's? Misprint or deceit? 





Table 2 Sources of research funding 1972-73. 






Government bodies 

Charities, trusts, foundations 

Overseas bodies 

Four industries* 

The rest of British industry 
Studentships and capital expenditure excluded 





* Mullard, Beecham, Rolls-Royce, 
Council. 


Table 2 brings together the sources—our interpretation - 
and our addition. It is worrying, to say the least, that the 
university has such a restricted financial relationship with 
industry. Here, surely is a pointer to the mutual sus- 
picion between industry and academics which is such a 
disagreeable feature of British scientific life. And here, 
also, is a good place from which an improvement in 
relations could grow. It would be quite wrong to point 
a blaming finger specifically at either side, but perhaps 
when the schoolteachers have had their meal at High 
Table there might be something left over for indus- 
trialists. If not, Cambridge’s days as an outstanding 
university could be numbered. 


Tobacco Research — 


100 years ago 





M. MAREY has recently published the results of experiments 
undertaken to determine by the graphic method what is the true 
movement of the legs in walking. His results prove convincingly 
that the brothers Weber were wrong in assuming that the 
oscillation of the leg which is not in contact with the ground is 
thegsame as that of a pendulum ; for when it is represented on a 
uniformly moving plane, the line drawn isa straight and not a 
curved one. The movement of the suspended foot is therefore 
uniform, depending on muscular action, in combination with that: cob 
of gravity. : 





From Nature, 10, 306, August 20, 1874. = 000 
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The legacy of the Nixon years 





A few hours before he announced his 
resignation as President of the United 
States, Richard Nixon vetoed the 
appropriations bill for the Environ- 
mental Protection Agency because he 
considered it to be inflationary. It 
was a symbolic last act for an 
Administration which spent a good 
deal of time doing battle with Con- 
gress over spending priorities, Colin 
Norman discusses how, for that small 
section of the population known as 
the scientific community, which has 
often been caught in the middle of 
the budgetary battle, Nixon's last 
veto was a reminder of what has 
passed and probably a taste of things 
to come. 





In his five and a half years in the 
White House, Nixon did not exactly 
win the undying support of scientists 
for his handling of scientific affairs. In 
fact, throughout his Presidency, cries 
of alarm from parts of the scientific 
community have been clearly audible 
above the background grumblings from 
most of academe. Among other things, 
the departed president and his lieuten- 
ants have been accused of plunging 
science into a financial crisis, of rele- 
gating some scientific disciplines to 
second place in the world pecking 
order, of failing to foresee situations in 
which science and technology could 
have been marshalled to help out (such 
as the energy crisis) and even of ignor- 
ing science completely. 

The record, however, is a good deal 
better than many of the criticisms 
allow, and a good case can be made for 
the argument that some of the disquiet 
in the scientific community has its 
origins in events which took place well 
before Nixon set foot in the oval 
office. And it can equally well be 
argued that many of the science 
policies and institutional arrangements 
laid down by President Nixon will sur- 
vive long after his departure. 

Underlying most of the criticisms of 
Nixon’s stewardship of the scientific 
enterprise is the fact that federal 
expenditures on science and technology 
during the past five years have in- 
creased at a rate barely sufficient to 
keep pace with inflation, and in some 
cases funding has even declined. On top 
of that, the Administration has gope for 
some of the scientific community’s 
most cherished programmes, of which 
biomedical training was perhaps the 
most prominent. And the final straw 


came early last year when Nixon 
announced that he no longer needed a 
full-time science adviser in the White 
House, so he abolished that post along 
with the Office of Science and Tech- 
nology and assigned some of its duties 
to the Director of the National Science 
Foundation. 

Thus, the Nixon Administration’s 
policies were clearly not designed to 
bring joy to the country’s science and 
engineering laboratories. Nevertheless, 
scientists and technologists have fared 
rather better than their colleagues in 
many other disciplines, and the federal 
budget for science and technology, 
which stands at nearly $19,000 million 
($4,600 million more than it was five 
years ago) is immense by any measure, 

When the Nixon Administration 
came to power, the unquestioned 
growth of the science budget which 
took place during the Eisenhower and 
Kennedy Administrations had already 
come to a virtual halt. Thus, the first 
couple of years of so of Nixon's tenure 
were marked by painful adjustment 
from a period of burgeoning growth in 
science budgets to a period of almost 
static funding. One consequence was 
that the job market for scientists 
rapidly became very tight just when 
record numbers of scientists were 
emerging from the academic pipeline, 
a situation which did little to enhance 
the new Administration’s standing in 
the eyes of the academic community. 

The Administration’s response was to 
cut back on funding for programmes 
designed to increase the supply of 
scientists and technologists. In 1971, for 
example, the proposal was made to 
eliminate the National Science Found- 
ation’s institutional support programme 





Ford: inherits unhappy science community 
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and to phase out its graduate training 
programmes. Since those two items 
were highly cherished sources of funds 
for universities, which were then facing 
huge financial deficits, the Administra- 
tion’s academic support slipped a few 
more notches. | 

But the budget announced in Jan- 
uary 1971 represented, for the first time 
since 1968, a real increase in federal 
support for research and development. 
This was carried through with another 
boost for science and technology in the 
budget announced a year later. But, in 
January 1973, just after his re-election, 
Nixon slammed the brakes on public 
expenditure and withheld considerable 
sums of money promised in the pre- 
election spending spree, with the result 
that funding for science again took a 
hammering. Nixon’s support in the 
scientific community hit another low. 

Finally, the budget announced just 
six months ago promised another round 
of increases in research and develop- 
ment expenditure, chiefly for the 
development of energy resources and 
for the Department of Defense. 

The overall pattern of expenditure 
has therefore been one of stagnation, 
growth, cutbacks and growth—a situa- 
tion which has not been conducive to 
university planning, and which has 
been unsettling for those who are 
forced to depend on the government 
for research grants. Whether or not 
the fabric of science in the United 
States has been damaged in the pro- 
cess, is, however, open to question. 

The upshot of this slow and sporadic 
growth in the science budget has been 
to force a number of painful priority 
decisions in the basic sciences, as, for 
example, in space research where a 
number of promising satellite missions 
have been dropped, the High Energy 
Astronomy Observatory has been con- 
siderably scaled down in cost and per- 
formance and other missions have been 
deferred to accommodate development 
of the shuttle in a tight overall budget. 

Similarly, particle accelerators have 
been shut down in order to accommo- 
date the rapid growth in the budget of 
the National Accelerator Laboratory, 
and many research grant applications 
which have been designated as scienti- 
fically worthwhile by peer review 
groups at the National Institutes of 
Health have gone unfunded for lack of 
money. In the days of burgeoning 
growth, such painful choices probably 
not have been needed. 

It has been in the biomedical science 
community, however, that the cries 
of anguish over the Administration’s 
science policies have been loudest, and 
once again, the problems have been 
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White House science adviser 
Guyford Stever (left) 
and Edward E. David, jun, (right). 


exacerbated by a painful transition 
from periods of rapid growth to 
stagnation. 

Superimposed on the © situation, 
however, is the fact that in the past 
three years two highly publicised cru- 
sades—against cancer and against heart 
disease—have been launched and en- 
thusiastically supported by both Con- 
gress and the Administration. The 
result has been that the budgets of the 
National Cancer Institute and the 
National Heart and Lung Institute 
have been allowed to grow relatively 
rapidly, while other NIH institutes have 
been held back so that many are now 
receiving less money than they got in 
1968. Moreover, biomedical scientists 
both at NIH and in the Universities 
have complained bitterly that the 
Administration has been trying to run 
the cancer and heart programmes like 
NASA-style operations to land men 
on the moon by highly targeted 
research programmes which have 
drawn money away from basic research. 

On top of all those complaints, the 
biomedical community has been upset 
by repeated vetoes by President Nixon 
of the appropriations bills for the 
Department of Health, Education and 
Welfare, which have held up funds for 
months, and which have kept funding 
at the levels proposed by the Admini- 
Stration rather than at the more 
generous levels approved by Congress. 

These funding decisions and policy 
changes have not, however, been taken 
entirely in a vacuum, for Mr Nixon has 
also made substantial changes in the 
science policy machinery in the top 
echelons of the federal government. In 
fact, it is those changes which have 
done most to upset the elder statesmen 
of the scientĦic community. 

When he arrived in the White House, 
Nixon inherited an extensive science 
policy apparatus whose origins dated 
back to the second World War, but 
when he departed last week, virtually 
none of it was left intact. 

On the President’s immediate staff 
was a science adviser, and a small 
policy office called the Office of 
Science and Technology which pro- 
vided him with staff support. Lines to 
the scientific community were kept 
open by means of the President’s 
Science Advisory Committee, chaired 
by the science adviser, and filled with a 
raft of luminaries from the universities. 
Nixon appointed Lee A. DuBridge, 
President of MIT as his first science, 
adviser. 

DuBridge and the Office of Science 
and. Technology never became a power- 
ful force in the Nixon White House, 
7 however, partly because President’s 





Science Advisory Committee took a 
number of stands on military matters 
which were in direct opposition to the 
Administration’s policies, and partly 
because the rest of the White House 
just wasn’t interested. And, as the in- 
fluence of the science apparatus waned, 
the power of the New Office of Man- 
agement and Budget (OMB) increased, 
so that it is now the focal point through 
which White house policy is conveyed 
to the departments and agencies. It 
wields tremendous power through the 
budgetary process. 

DuBridge was eventually succeeded 
by Dr Edward E. David, jun., an 
engineer from Bell Labs, who departed 
in January last year after trying to 
interest the rest of the White House in 
science, with little success. Within two 
weeks of David’s departure, Nixon 
scrapped the Office of Science and 
Technology, the post of Science 
Advisor to the President and the Presi- 
dent’s Science Advisory Committee, 
and designated the Director of the 
National Science Foundation, Dr H. 
Guyford Stever, as science adviser to 
the White House. 

Stever has since established in NSF 
a science policy office and an energy 
policy office, and he has been given a 
budget three times larger than that of 
the defunct Office of Science and Tech- 
nology. He has also established lines to 
OMB, and is generally credited with 
doing a commendable job, given the 
limits to his power. 

The changeseirked many scientists, 
however, who felt that science had 
been downgraded in national affairs, 
and many people have also criticised 
the fact that Stever has specifically 
been given no mandate to advise on 
military technology. In response to 
such complaints,* Dr Philip Handler, 
President of the National Academy of 
Sciences, established recently a special 
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blue ribbon panel under the chairman. : 
ship of Dr James Killian, Eisenhower's 
first science adviser, to look into the 
workings of the present science policy 
apparatus. a 

Not surprisingly, the Killian pane 
recommended that a science advisory 
council should be re-established in the- 
White House, and that the present ` 
arrangement is unsatisfactory since 
Dr Stever, being head of a small 
science agency, iS not in a strong 
enough position to orchestrate the vast 
federal science bureaucracy. Since there 
was absolutely no chance that Nixon . 
would reinstate the post in the White ~ 
House, the recommendations were 2 
clearly aimed at his successor, 2 o 

Thus, President Gerald Ford has in- 


herited an unhappy scientific com =e) 
a strong feeling among the = 
scientific establishment that science =o 
White =o 


munity, 


should be reinstated in the 
House, and a host of problems such 
as the energy crisis.and food shortages 
which will require large injections of | 
science and technology. 

Clearly, the science policy apparatus 
is not going to be one of Ford’s 
immediate concerns, and little change 
can be expected in the short term. Ford 
himself has said that his immediate 
concern is to curb inflation, however, 
and that, indirectly could have a bear- 
ing on science. 

Ford is a self-confessed fiscal con- 
servative, believing in balanced budgets 
and decreased federal expenditures. 
Since only a relatively small proportion | 


of the federal budget can be decreased) 


—the vast majority of the budget. 
for such items as salaries, pensions. 
welfare payments which cannot... be 
tinkered with—and since science € 
penditures mostly fall into the contr 
lable category, the pressure on the 
science budget is unlikely to dec 
under President Ford. 
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Two approaches to scientific aid for disaster areas 





Scientists and nonscientists alike are 
becoming increasingly aware of the 
need for science to be ‘relevant’. In 
human terms, perhaps the most im- 
portant applications of science are to 
the problems facing the less developed 
parts of the world, and the need for 
relevant science can be seen most 
clearly at times of crisis—such as the 
recent floods in Bangladesh. But how 
effectively is science being used in 
such situations? John Gribbin and 
John Wilson have been looking at 
two contrasting approaches to these 
problems. 





ESTABLISHED charitable organisations 
such as Oxfam are making increasing 
use of science and technology in their 
work; it is becoming accepted that 
provision of food to survivors of a 
disaster is no more than a temporary 
solution to any problem, and that 
famine and disease can only be pre- 
vented by more fundamental help. But 
still, only a tiny fraction of Oxfam’s 
income, for example, is spent on re- 
search — although that small budget 
seems to be used remarkably effec- 
tively. 

Among projects Oxfam is working on 
are: 
®© A completely new sewage disposal 
system which can be flown straight to 
disaster areas and is, according to 
Oxfam, cheap, simple and easy to 
erect. 
®© A new building technique to provide 
rapid emergency housing after an 
earthquake, flood or other catastrophe. 
© An investigation of bicycle ‘pedal 
power’ in the poorer countries. 

These are all projects with a sound 
scientific pedigree. The sewage scheme, 
for example, required fundamental re- 
search on the biology of the cholera 
vibrio. But money allocated by Oxfam 
to such research was only £3,000 in 
1973, out of a total ‘income’ from 
public donations of £4.2 million, more 
than 80% of which was spent overseas. 

The Deputy Director of Oxfam, Mr 
Guy Stringer, explains that the best 
use is made of this £3,000 by using 
Oxfam money only to prime the nan- 
cial pump of a project. Once a plan has 
shown potential, Oxfam seeks help 
from other sources. This falls into line 
with the organisation’s avowed policy 


of spending as much of the public’s 
money as possible ‘over there’ rather 
than on research at home. And the 
people and firms that Oxfam ap- 
proaches are eager to help. “They 
have never refused us’, says Mr 
Stringer. 

Oxfam undoubtedly benefits en- 
ormously from this goodwill; but part 
of its success must surely lie in the 
simple direct approach which it adopts. 
The charity first became interested in 
sanitation schemes as a result of its 
experience of the refugee camps in 
Bengal during the Indo-Pakistan con- 
flict of 1971. Oxfam workers there 
realised that most of the relief effort 
was being spent on the treatment of 
diseases arising from the insanitary con- 
ditions within the camps. Even so, this 
preventive medicine was often ineffect- 
ive—particularly against cholera. 

At first Oxfam simply tried to con- 
tain the excrement and other wastes of 
the refugees. It found that one pos- 
sible container (a 30,000 gallon col- 
lapsible fuel tank belonging to the 
RAF) provided almost instant anaero- 
bic conditions. From that discovery 
sprang the idea of destroying the 
cholera and dysentery bacteria anaero- 
bically. 

As no one knew the viability of 
Vibrio cholerae in anaerobic sewage, 
Oxfam asked Mr Barry Lloyd of the 
University of Surrey to find out. To 
keep costs as low as possible, Mr Lloyd 
presented the project to two final year 
students as the topic for their degree 
theses. Although each thesis ‘cost’ 
about £800, Oxfam paid only a tenth of 
this for the results. 

The survival of the vibrios was found 
to depend on the temperature of the 
sludge and the proportions of solid 
matter in it. Vibrios were usually eli- 
minated after 7 days at 37° C but at 
25°C took 12 days to disappear. Once 
Oxfam had an estimate of how long 
the sewage should be retained in 
anaerobic conditions, it was able to 
seek the advice of the Water Pollu- 
tion Research Laboratory at Steven- 
age, and the University of Lough- 
borough on the genéral layout and 
hydraulics of the unit. The Plastics 
Research Group at the Atomic Energy 
Research Establishment, Harwell, de- 
signed a mould for a chtap stackable 
plastic squatting unit—the Asian equi- 
valent of a toilet segt. 

Mr Jim Howard, Oxfam’s Industries 
Officer, emphasises the importance of 


this squatting unit. Produced now for 
a matter of shillings, they replace heavy 
vitreous china items that cost about 
£50. 

The sanitation package on which 
Oxfam has now decided consists of two 
or three large butyl rubber tanks hold- 
ing some 4,500 gallons each, connected 
in series to a group of 20 squatting 
units. During October, a team from 
Oxfam will be taking an example of 
each unit to Bangladesh. With the 
cooperation of the Cholera Research 
Laboratories in Dacca, the two-bag 
unit will be tested on hospital effluent 
known to be rich in cholera bacteria 
and the three-bag system will be set up 
in a Bihari refugee camp to assess its 
impact on am existing community. 

Even including the cost of this visit. 
Oxfam says it has spent less than £1,500 
on the entire sewage project. Once the 
scheme was underway the Leverhulme 
Trust provided a grant of £19,000 and 
the British Government gave £6,500. 
The charity holds British, United States 
and Canadian patents on the system so 
it may still recoup what little it spent. 
With the addition of antifreeze the 
technique might be adapted for use in 


the Arctic or Antarctic. 


The sanitation scheme is probably 
the most ambitious technical project 
that Oxfam have tackled and it typifies 
the organisation’s direct approach to 
disaster relief. In the same vein, Oxfam 
is pioneering a building technique which 
it hopes will provide warm weather- 
proof shelters quickly and cheaply. 
Polyurethane foam is sprayed on to the 
inside of a lightweight aluminium 
mould. When the foam hardens, the 
mould is removed leaving a house with 
approximately 70 square feet of living 
space. 

The mobile factory to spray the foam 
costs about £4,500 and Oxfam claims 
that the chemicals needed for one house 
may be bought for £30. Polystyrene 
granules are cheaper—and are rather 
more fire resistant-—-but the apparatus 
needed to steam them into place is six 
or seven times as expensive as the poly- 
urethane apparatus. In September, 
Oxfam will be training two volunteer 
teams in the spray building technique. 

In many underdeveloped countries a 
great proportion of the labour force— 
as much as 15% in some cases accord- 
ing to Mr Howard—spends its time 
moving water for irrigation. Oxfam 
is now trying to develop a portable 





Nature Vol. 250 August 16 1974 





Native huts, Oxfam style. 

An aluminium shell is lowered into 
place (left) and removed after serving 
as a mould (right). 





water pump that could be powered by 
pedals in the same way as a bicycle. It is 
also investigating this use of pedal 
power to drive simple winnowing or 
grinding machines. With Mr Stuart 
Wilson, of the University of Oxford, it 
is developing a superior rickshaw, and a 
four wheel drive pedal platform or 
‘Pedalrover’ which could carry half a 
ton across country; Zambia has already 
expressed an interest in this idea. 

Oxfam does not always design its 
schemes for its own use. In 1971 it 
began a project to turn Britain’s surplus 
potato crop and skimmed milk into a 
balanced emergency diet. Although Ox- 
fam persuaded Cadbury Schweppes to 
let it use their powdered potato produc- 
tion lines at cost price it still spent 
£6,250 of its own money. Mr Howard 
feels that since Oxfam’s new food is 
now accepted by the World Food Pro- 
gramme, it is up to the government to 
use the recipe when and if a surplus 
occurs again. 

But Oxfam is not without its critics. 
Some people have expressed concern, 
for example, that any temporary hous- 
ing provided after a disaster might 
remain occupied when conditions 
returned to normal, degenerating into 
instant slums. Oxfam admits that fur- 
ther work is needed to determine an 
optimum spacing of such units to mini- 
mise the fire hazard while housing as 
many people as possitble—but it is 
fundamental to their philosophy that 
such housing is needed, although a case 
can be made that in many places, 
such as Bangladesh, the local popula- 
tion already possesses both the skills 
and the material needed for the rapid 
erection of cheap lightweight shelters. 

At a more fundamental level, ques- 
tions might be asked about whether 
such organisations as Oxfam are in fact 
the best bodies to organise scientific 
aid for disaster situations. The point is 
debatable: but it is true that Oxfam is 
not run by scientists, and that its scien- 
tific activities are still very much an 
appendage to the main work. So it is 
interesting that a group of London- 
based scientists is trying just the oppo- 
site approach. The London Technical 
Group (LTG) is a group of scientists 
from various disciplines which is look- 
ing at problems of disaster relief solely 
from the scientific and technological 
point of view. 

The most widely available tangible 

-from the group so far is an 






annotated bibliography of papers relat- 
ing to Disaster Technology (LTG, 55 
Evelyn Gardens, London; 1974). This 
typifies one aspect of the group’s acti- 
vities to act as a clearing house for 
relevant information and, hopefully, 
to ensure that such information does 
not disappear from the general aware- 
ness. Members of the group say that 
they have been astonished at how often 
‘new’ ideas turn out to have been pres- 
aged years or even decades ago. They 
cite the example of the compression 
effects which cause internal injuries in 
victims pulled from collapsed buildings 
and have been “discovered” after 
almost every major earthquake affect- 
ing built up areas. In fact, they say, 
these problems were thoroughly investi- 
gated more than three decades ago, 
when many people were trapped in 
collapsing buildings during the mass 
bombing of the Second World War. 

But the LTG is not just concerned 
with collecting and distributing infor- 
mation. Members of the group (now 
some 30 strong) see the LTG as some- 
thing of a centre of expertise in terms 
of field experience of disaster and 
famine situations, eager to hire out 
their skills to anyone who can use 
them. 

The opportunity for scientists with 
such expertise to meet regularly and 
discuss problems provides the third 
string to LTG’s bow, as a ‘disaster 
think tank’. Such ideas as mixing dried 
skim milk with oil to form®a drinkable 
and nutritious emulsion (with the addi- 
tion of appropriate substances to make 
it palatable) and an emphasis on rugged 
simplicity for all field equipment emerge 
from these meetings. Individual field 
trips made by members of the LTG 
have provided the essential training in 





basics which encourages the group to 
think that it now has the experience to, 
say, carry out surveys of nutritional 
problems on behalf of governments or 
other bodies, who would put up the 
money and collect the results on a 
contractual basis. These trips also, of 
course, provide valuable information in 
their own right. Mr John Rivers, a 
member of the LTG, has just returned 
from Ethiopia, where he carried out a 
nutritional survey with Dr John Sea- | 
men as part of a UNICEF project, - 

partially funded (to the tune of £1,000) 

by Oxfam. It seems from this work — 
that the general feeling that protein — 
deficiency may not be the greatest- 
nutritional problem in famine areas _ 
may well be correct; the normal food | 
of the nomads in Ethiopia includes 
milk, cereal and a little meat. In the 
present famine situation they are forced 
to eat other foods, such as beans. But 
there is no evidence that the quality 
of these foods is inadequate, whatever 
the problems of finding enough food; 
and this means that any emphasis on 
protein supplements as a high priority 
in famine relief is wrong, at least in this 
case. 

It remains to be seen whether any 
charity or other organisation will jump 
at the opportunity of hiring the LTG 
team of scientific specialists as a group 
to do this kind of work, or whether the 
LTG will continue simply as a collec- 
tron of concerned scientists devoting 
their spare time to efforts aimed at im- 
proving the way science is used to 
combat disasters. The approach they 
advdcate is, however, worthy of serious 
consideration if only as a reminder that 
there are alternatives to the ee a 
systems which have, by the nature of | 
things, become ‘the establishment’. ae 
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CirinG a sheaf of evidence which 
indicates that the pesticide dieldrin is 
highly carcinogenic to mice and rats, 
and that it now resides in the tissues of 
virtually every man, woman and child 
in the United States, the Environmental 
Protection Agency (EPA) last week 
abruptly halted further production and 
recommended that it be phased out of 
use as rapidly as possible. 

The decision is the latest, and most 
significant, milestone in a four-year 
legal battle fought by a Washington- 
based environmentalist organisation to 
get dieldrin off the market, but it is far 
from the final word on the matter. 
Officials of the Shell Chemical Com- 
pany, the sole manufacturer of the 
pesticide, erupted with indignation at 
the EPA’s action, charged that “there is 
no evidence whatsoever to associate this 
chemical with cancer in man”, and 
demanded a public hearing to state its 
case. The hearing is now going on, and 
a final decision is expected by the end 
of August. 

If all that sounds familiar, it is. The 
history of the battle against dieldrin 
bears a strong resemblance to the long 
and bitter fight against DDT, although 
according to opponents of the pesticide 
the case against dieldrin is even more 
cut-and-dried than that against DDT. 
In both cases, the central issue is the 
ubiquity of the pesticide in the environ- 
ment and the possibility that it may 
cause cancer in man. 

Although it is a pesticide in its own 
right, dieldrin is also the breakdown 
product of the chlorinated hydrocarbon 
pesticide aldrin; the two agents are con- 
sidered together in the EPA decision. 

Firm favourites in the eyes of grow- 
ers of corn and citrus fruits, the pesti- 
cides are used chiefly to control soil 
insects. They are applied directly to the 
sou in the spring, essentially as an in- 
surance again the possibility of an out- 
break of soil pests later in the year. 
Their longevity is thus a prime 
requisite, synmce they may have to kill 
insects weeks after they are put into the 
soil and, according to Shell and the 
United States Department of Agricul- 
ture which staunchly defends the use of 
aldrin and dieldrin, no other pesticide 
can remain active for long enough to 
do the job. 

But the persistence of these pesticides 
is a mixed blesseng, for dieldrin now 
contaminates many foods and is stored 
in high concentrations in human fatty 
tissues. According to a survey carried 


EPA halts 
dieldrin 
production 


by Colin Norman, Washington 





out by the Food and Drug Administra- 
tion last year, for example, measurable 
amounts of the pesticide were found in 
83% of all dairy products, 88% of all 
garden fruits, 96% of all meat, fish and 
poultry, and in 12 to 14% of samples 
of grain, potatoes, fruit and some other 
foods. Moreover, in 1971, the EPA 
found that 99.5% of human tissue 
samples taken during autopsy or thera- 
peutic surgery contained amounts of 
dieldrin averaging 0.29 parts per million. 

There is thus no denying that man 1s 
constantly exposed to the pesticide. But 
there is considerable debate about 
whether this exposure carries a risk of 
cancer, and it is on that point that the 
case really hinges. 

The EPA issued its order last week 
chiefly on the basis of studies which 
have shown that dieldrin “definitely 
causes significant increases of tumours 
in two and possibly three strains of 
mice tested”, and that the pesticide has 
also raised tumours in two different 
strains of rats. The tumours, which 
“have been diagnosed unequivocally as 
malignant”, appear in the liver, lungs, 
lymphoid tissue, thyroid, uterus and 
mammary glands, and have resulted 
from feeding tests involving doses as 
low as 0.1 parts per million. The EPA 
also cited evidence that exposure to 
dieldrin for periods as brief as a few 
weeks has caused significant carcino- 
genic effects in test animals. 

The case against dieldrin was brought 
out during weeks of public hearings 
conducted by the EPA to determine 
whether or not the pesticide should be 
removed from the market. Those hear- 
ings are not expected to be completed 
until late this year or even early next 
year, but while they have been going 
on, Shell has been free to continue 
manufactueing both aldrin and dieldrin. 

In April, however, EPA officials con- 
sidered that the evidence against the 
pesticides—-which came from studies 
conducted at the Food and Drug 
Administration, the , National Cancer 
Institute and in Shell’s own laboratories 
—was so compelling that they contacted 


Shell officials and asked them to halt 
production of aldrin and dieldrin 
voluntarily until the public hearings 
have been completed. But Shell officials 
maintained that there is no evidence 
that the pesticides are harmful to man, 
declined to accede to the EPA’s request 
and announced that they would begin 
producing next year’s batches of aldrin 
and dieldrin on September 1. Thus the 
EPA moved last week to force Shell to 
stop manufacturing the chemicals, at 
least until doubts about their safety are 
cleared up. 

For its part, Shell maintains that the 
animal feeding studies have little applic- 
ability to man, and that the safety of 
aldrin and dieldrin is assured by the 
fact that workers in factories manu- 
facturing the pesticides have shown no 
signs of developing cancers. Lawyers for 
Shell have yet to present their case in 
full at the public hearings, and are 
annoyed that the EPA is trying to halt 
production of the chemicals before all 
the facts have been argued. 

If Shell is allowed to go ahead with 
its production in September, millions of 
pounds of the chemicals will be dis- 
tributed around the United States, and 
if the public hearings eventually con- 
clude that the pesticides do pose a 
serious health risk, it would be virtually 
impossible to call all supplies in. Thus, 
the EPA is trying to ensure that if it 
bans the pesticides at the end of the 
public hearings, they will not continue 


in use for another year. = 


More radiation 
protection 


MICROWAVES and lasers are to be the 
first two types of non-ionising electro- 
magnetic radiation to be taken under 
the wing of the British National Radi- 
ation Protection Board (NRPB) under 
an order extending its functions. 
Since its inception as a result of 
the National Radiological Protection 
Act of 1970, the board has confined 
its advisory and research services to 
the fields of ionising radiation. Al- 
though it has no statutory powers, it 
advises the government and other res- 
ponsible authorities on standards and 
safeguards against radiation hazards. 
The recent order, by the Secretary 
of State for Health and Social Services, 
came into effect on August 1 and ex- 
tends the functions of the board to 
cover potentially all electromagnetic 
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radiation. Its interest is being con- 
centrated on lasers and microwaves in 
the first instance, say the board, not 
because these pose any widespread 
health hazard but because their use 
has increased enormously in the past 
few years and some national authorita- 
tive reference is now desirable. 
Already, there is a generally agreed 
safetly limit for continuous microwave 
exposure of not more than 10 mW 
cm” average power density. This is 
rigorously observed by present users 
of radar, one of the main commercial 
applications of microwaves in Britain. 
But there is another growing com- 
mercial use of microwaves, in quick 
microwave ovens which are not yet 
big business in Britain but whose use 
will probably increase. The board is 
setting up an advisory and research 
service at its Leeds centre, where ovens 
can be tested for radiation leakage. The 
second part of the NRPB’s extended 
brief is the use of lasers. a 


Taxing 
your sabbatical 


Unrit the end of the tax year on April 
5, 1974, visitors to Britain on sabbat- 
ical leave were taxed by the British 
authorities on a so-called ‘remittance 
basis’. The sum of money actually 
brought into the country was the base 
for taxation and inthe six years 
before a sabbatical became due, many 
academics had learnt how to prevent 
most, if not all of their income of the 
seventh year (assuming it came from 
their permanent institution) from 
entering Britain. Legislation that has 
just been passed radicaily alters the 
tax position. 

It is assumed in what follows that 
the work done in Britain 1s not entirely 
unconnected with normal duties of 
employment in the home country—an 
assumption which the tax officer is 
almost certain to make if the per- 
manent institution is paying. 

In the case of visitors from the 
United States, half of their pay will 
be liable to tax in Britain for any tax 
year in which they are in the country 
for 183 days or more; these days need 
not necesarily be consecutive. Any tax 
year in which visits do not add up to 
183 days is not considered. A double 
taxation convention applies with the 
United States and so credit for British 
tax paid can be claimed against the 
United States tax on the same income. 
If a visitor becomes liable for tax 
through being in Britain for six 
months or more, he is entitled to claim 
full personal .allowances. e 

Similar arrangements are in force 
with many other countries but tax 
authorities point out that it should not 
be assumed that arrangements are 


identical and detailed information 
should be sought from embassies. 
This change in the tax situation has 
been widely asserted to drive potential 
visitors away from Britain. In fact the 
most likely to suffer from it are those 
who have been able to find a way to 
avoid remitting income to this country, 
say by borrowing for their visit. Any- 
one who has had, of economic neces- 
sity, to bring his income with him, has 
previously had to pay tax on the full 
amount remitted in tax years in which 
he has been here for six months or 
more. Now he pays tax on only half 
that amount. G 


Business: CEGB 
awash with capacity 


by Roger Woodham 


WHATEVER the Central Electricity Gen- 
erating Board’s financial position may 
be—it made a loss of £87.4 million in 
1972-73-——the board evidently stands no 
risk of running short of generating 
capacity as it did in the winter of 1969- 
70. At that time the CEGB’s maximum 
output capacity was some 46,000 MW 
and the maximum demand to be met 
was about 38,000 MW, but for a string 
of reasons that were investigated by 
the Select Committee on Science and 
Technology insufficient capacity was 
actually available when it came to the 
crunch and the result was a series 
of voltage reductions—‘brown outs’. 

The situation as of March 1974 was 
much different in that the maximum 
output capacity had soared to 58,000 
MW whereas the maximum demand 
that winter had been about 40,000 MW. 
The latter figure had not changed ap- 
preciably for three years (CEGB Statis- 
tical Yearbook 1973-74). 

The inescapable conclusion is that 
the CEGB has an unrealistic amount 
of surplus capacity which it busily 
added to in 1973-74 at a cost of £189 
million, representing 1,600 MW. And 
the plant now under construction which 
should be available by the end of 1978 
will provide a further 12,000 MW, 
bringing the total to perhaps 67,000 
MW if allowance is made for the de- 
mise of old plant. If the growth of 
electricity demand were about 3% a 
year in the next few years, the maxi- 
mum call on the CEGB’s services 
would only rise to some 45,000 MW by 
1978. At that stage the board would 
be capable of meeting a peak demand 
of half as much again. Naturally some 
of that ‘overkill’ must be gegarded as 
a provision for plant temporarily out 
of service, but the margin is different 
altogether fpom the 21% which proved 
to be insufficient—just—in exceptional 
circumstances in, 1969-70. In 1966-67 
the CEGB was” getting by without 


bother on a margin of about 12%. O 


Called Aspartame, it 


529 


Qualified approval 
for Aspartame 


by Colin Norman, Washington . 
THe United States Food and Drug 
Administration (FDA) last week gave 


its approval for a new artificial sweet- 


ener to be used in a variety of products. 
as 180 «times | 
sweeter than sugar and its official debut 
is significant since it comes right in the 
middle of an investigation of the safety 
of saccharin—the only other artificial 
sweetener on the market in the United 
States—which is suspected of causing 
bladder tumours in mice. 

Aspartame loses its sweetness on pro- 
longed cooking, however, and thus it 
has only been approved for such uses as 
sweetening tea and coffee, adding to 
breakfast cereals and for sweetening 
puddings, gelatins and artificial cream. 


So far, it has not been approved for use 
“in so-called diet drinks, and it will there- 


fore not challenge saccharin in its 
largest market. But EDA officials 
suggest privately that soft drink manu- 
facturers will soon petition the govern- 
ment to allow them to use Aspartame. 
So far, few people have expressed 
doubts about the safety of Aspartame, 
chiefly because it is broken down in the 
body into two essential amino acids, 
L-aspartic acid and L-phenylalanine. 
Furthermore, FDA's approval: was 
based on the results of feeding studies 
which involved dogs and rats for two 
years and a number of rats which were 
exposed to Aspartame in utero and 
throughout their lifetimes. The studies 
gave no indication of tumorigenicity, 
and suggested that at least 2 grams per 
kilogram of body weight are required 
before any toxic effects are evident. 
That level is more than 100 times 
greater than the likely average daily 
intake of the sweetener in foods for 
for which it has so far been approved. 
The FDA’s decision will be closely 
studied in several other countries— 
including Britain—where applications 
have been made by G. D. Searle and 
Co., the manufacturer of Aspartame, 
for permission to market the sweetener. 
It’s importance in the United States is 
that it gives the FDA more flexibility in 
dealing with two particularly sticky 
problems. First, the FDA has been 
forced to re-evaluate its decision to ban 
cyclamates from the market on the basis 
of suspected carcinogenicity (a decision 
is expected early next year) and, second, 
saccharin is now under investigation 
and the FDA will probably have to 
decide its fate within the next couple of 
months. Before Aspartame came along, 
the .FDA was facing the problem of | 
perhaps removing from the market. all 
artificial sweeteners, but now at least it 
has a third product to insert into: | 
cost-benefit equation. 2 
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Victimisation 

Sir,—What Professor Burhop in effect 
is saying (Nature, August 9) is that the 
“Declaration on the Rights of Scien- 
tists”, made by the World Federation 
of Scientific Workers in 1969, is really 
no more than an expression of pious 
hopes, since there is nothing that can 
be done about victimisation by govern- 
ments, left, right, or centre, if the 
governments responsible are them- 
selves disinclined to cooperate. 

As President of the W.F.S.W., Pro- 
fessor Burhop is no doubt well placed 
to judge of this. But when he goes 
On to say that “‘... the close contacts 
maintained between our affiliated 
organisations in different countries are 
beneficial to scientists and for science 
itself’, one wonders whether there 
might not be long-term benefits for 
science and scientists in particular 
countries, if the W.F.S.W. were to 
make it clear that although “Our aim 
must be to strengthen these contacts”, 
that policy would have to be applied 
selectively, where there was reason to 
believe that the “Declaration” was not 
being adhered to by the governments 
or affiliated organisations concerned. 

Yours faithfully, 
C. B. GOODHART 
Cambridge, UK 


Plasmid engineering 

Sır, —The appeal by a committee of the 
National Academy of Sciences for restraint 
with respect to certain types of genetic 
experiment (Nature, July 19) deserves the 
generally favourable response accorded it 
(Nature, July 26). The potential hazards 
associated with the creation of artificial 
recombinant DNA molecules are clearly 
outlined in the committee’s statement. 
However, there is an unfortunate lack of 
clarity in defining the types of experiment 
which it is recommended should be defer- 
red. Thestatement concerning experiments 
of type I is confusing. This is particularly 
so if one does not persevere to the last 
three lines of the inordinately long sen- 
tence which excludes “plasmids containing 
such combinations of antibiotic resistance 
determinants (which) already exist in 
nature.” The hazards associated with 


a these latter plasmids are not potential but 


have already been amply demonstrated 
and are well understood, as explained by 
Dr Anderson. The NAS committee’s 
recommendation is concerned with un- 
natural recombinant plasmids and it 
would be unfortunate if, as seems likely 
from parts of Dr Anderson’s comment, 


the lack of clarity in the definition of 
experiments of type I led to the inclusion 
in the recommended ban of experiments 
concerned, not with future potential 
hazards, but with those already with us 
and in need of attention. 

Much work is in progress, including my 
own, with the specific objective of seeking 
means for the effective elimination of 
plasmids from bacteria. It would be 
against the spirit of the NAS committee’s 
aims if misinterpretation of the nature of 
experiments of type I brought to a halt, 
even temporarily, experiments carrying no 
potential hazard from new recombinant 
DNA molecules, but concerned with 
already existing hazards in clinical practice 
and animal husbandry. 

Yours faithfully, 
G. R. BARKER 
Manchester, UK 


Scientists don’t move 

SIR, -—Your editorial of July 26 on Sir 
Hermann Bondi’s report on the inter- 
change of scientists was very critical 
of the lack of mobility of scientists, 
and could scarcely believe that they 
are inhibited from changing jobs be- 
cause of the difficulty of moving 
house, My recent experiences may help 
you to understand the problems. 

Last December I moved from a civil 
service post in Farnborough to 
a research fellowship at Leicester 
University. It took the Civil Service 
Department over four months to de- 
termine the transfer value of my 
pension, but this was certainly no 
obstacle to me. Indeed I think that 
the preservation or transferability of 
pension rights is of little concern to 
the young scientist contemplating a 
move. My new employers seem to be 
unusually generous by contemporary 
Standards in that they reimbursed a 
large part of my ‘‘removal expenses” 
and also provided a small second mort- 
gage loan at low interest rate. Even 
so we have been faced with unreim- 
bursable expenses in the present dor- 
mant housing market of more than 
£2,000—-probably nearer £3,000 by the 
time the flat is sold. , 

My present contract lasts for only 
three years® and, with the present ten- 
dency of university science depart- 
ments to contract, it „is entirely 
possible that I shall have to move 
again in 2} years’ time, with, no doubt, 
a repetition of these expenses. 

In North America or any other 
country of Western Europe, people 


in our position find it quite natural 
to rent a house for a few years; here 
it is impossible to find unfurnished 
accommodation. Even worse, the 1974 
Rent Act, by giving security of tenure 
to furnished tenants as well, has made 
us abandon any idea of letting our 
empty flat in this wav. It seems to be 
the policy of both major parties that 
every family should either own its own 
home or be a council tenant, but there 
can be little doubt of the severe effects 
of this policy on the mobility of all 
labour, and not just scientists. 

While I have no regrets at the 
change in my working environment 
which I have bought at the price, per- 
haps, of two years’ salary, I feel unable 
to criticize the many scientists who do 
not choose to follow my example. They 
too may count the cost, and they may 
feel that boldness in pushing back 
frontiers is not incompatible with 
financial solvency. 

Yours faithfully, 
C. G. Pace 
Leicester, UK 


Collecting egg-whites 

W. R. P. Bourne (Nature, 249, 793; 
1974), seems determined to continue to 
hound Professor Charles Sibley for his 
comparatively minor indiscretion (with 
the connivance of others) in obtaining 
the eggs of certain birds unlawfully. 

Professor Sibley is not, and never 
has been, an egg collector in the ac- 
cepted sense as the title of Bourne’s 
article suggests. Indeed his interest in 
eggs has been confined to the analysis 
of egg-white protein and the taxonomic 
value of such analysis as far as avian 
relationships are concerned. 

Whatever the final results of Pro- 
fessor Sibley’s researches may be, it 
is certain that they will be studied by 
all who are interested in the many un- 
satisfactory aspects of the classification 
of birds, typified, for instance, by the 
Babblers (Timaliidae), for too long the 
despair of orthodox systematists. 

R. WAGSTAFFE 
Bluntisham, Huntingdon, UK 


How many deer? 
Sir,—How many deer have been 
‘sacrificed’ (which is, I believe, the 
§orrect scientific term) in order to 
provide linings for ‘‘attractive space- 
saving files for your Nature.. 
beautifully labelled”? 

Yours faithfully, 


Hove, UK B. Jove | oy 
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Current work with 
the voltage clamp 


THE present view of the ionic basic of the action potential 
in nerve cells depends largely on the classic voltage-clamp 
experiments of Hodgkin and Huxley, published in 1952 (J. 
Physiol, 116, 449). Although it is remarkable how well 
this analysis has withstood the test of time, recent work has 
shown that the changes in potassium permeability are more 
complex than previously realised and that Ca’* ions may 
play an important part in the inward current in many 
neurones. 

The action potential of nerve cells is essentially a transient 
reversal of the voltage across the cell membrane. Hodgkin 
and Huxley showed that it is generated by brief, sequential 
increases in the membrane permeability first to Na* ions and 
then to K* ions. They used a voltage-clamp system to 
control the membrane potential of a squid giant axon, 
and were able to measure the currents flowing across 
the membrane. Following a large depolarisation the 
current first flowed inwards, and then rapidly reversed 
and was maintained in an outward direction, as shown 
in the figure (a). This membrane current could be 
separated into an inward one carried by Nat, and 
an outward one carried by K*. The Na permeability was 
rapidly switched on, or activated, and then inactivated after 
a short delay. The K permeability was activated only after 
a short delay, but was apparently not inactivated. It re- 
mained constant until the depolarisation ended. 

Within a few years of this elegant work it was shown in 
several preparations, particularly in mollusc nerve cell 
bodies, that the removal of external Na does not block 
action potentials. Voltage-clamp studies have now demon- 
strated that the inward current can be carried by Ca’* as 
well as, or instead of, Na*. Some Ca** may pass through the 
standard Na permeability system (Baker, Hodgkin and Ridg- 
way, J. Physiol., 218, 709; 1971), but it is not yet clear 
whether there is a separate permeability system which 
handles most of the Ca current. Geduldig and Greuner 
(J. Physiol., 211, 217; 1970) reported that the activation pro- 
perties of Na and Ca permeabilities in Aplysia neurones are 
different, suggesting separate systems. Kostyuk and col- 
leagues (Pflugers Arch. ges. Physiol., 348, 83; 1974) and 
Standen (Nature, 250, 340; 1974), both using snail neurones, 
have recently presented evidence, however, that the two ions 
use either the same system or, possibly, parallel ones with 
identical kinetics. 

Even more involved than these complications of the 
early inward current system are those concerning the K 
permeability. As well as the well-established (or slow) out- 
ward K current, Neher (J.gen.Physiol., 58, 36; 1971) found 
a fast outward K current in snail neurones with kinetics 
similar to those of the inward current. Connor and Stevens 
(J. Physiol., 213, 31; 1971) also separated the potassium 
current that they measured in dorid neurones into a fast 
component that had both an activation and inactivation 
mechanism and the more usual slow component. This fast 
K current seems to be particularly important in controlling 
pacemaker activity, and may play an important part In ree 
petitive firing. 

Another aspect of the K current which has recently 


come to light is the observation of a K inactivation mech- 
anism. Whereas Hodgkin and Huxley’s K current was 


maintained indefinitely during a depolarising step, several 


recent experiments have shown that it can decline (see 
figure b). Connor and Stevens found that the slow com- 
ponent of the K current inactivated with a time constant 
of several seconds. They also showed that it was a distinct 
phenomenon (that is, not a simple inactivation of the fast 
K current) by demonstrating differences in the voltage- s 
dependent characteristics and the responses to TEA. Many. - : 
examples of K inactivation have now been reported: to 
cite only two of them; Leicht, Meves and Wellho: Bec 
(Pfligers Arch. ges. physiol., 323, 63; 1971) measured an in- 
activation of the delayed K current in snail neurones with F 
time constants of 0.5-1.75 s and Ehrenstein and Gilbert 
(Biophys.J., 6, 553: 9966) found a similar inactivation in 
squid axons with a time constant of 11 s. Such slow pro- 
cesses, although obviously of no importance in the genera- 
tion of single action potentials, could play an important part 
in the long-term firing characteristics of the cell. | 
One difficulty with the voltage-clamp technique is that _ 
it only measures the net membrane current. It is not always. — 
easy to determine whether changes in the recorded current — 
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wy, result from changes in an inward or an outward. com- 
= ponent. Although it is relatively easy to establish that the 
inward current is carried by Nat or Ca** ions by removing 
them from the external solution, it is difficult to show 
directly that K* ions carry the outward current. An elegant 
way of doing this was recently reported by Neher and Lux 
= (J. gen. Physiol., 61, 385; 1973). They used a K*-sensitive 
„< microelectrode to measure changes in K* outside snail 
-~ neurones, and showed that the total amount of K* released 
by the cell during a clamp pulse was in good agreement 
with that calculated assuming that the outward current was 
carried only by K* ions. Lux and Eckert (see page 574 of 
this issue of Nature) have now applied this ingenious tech- 
nique to a study of apparent K inactivation. When the out- 
ward current was reduced by procedures expected to pro- 
duce K inactivation, the actual release of K*, as determined 
by the K’*-sensitive microelectrodes, was not equally re- 
duced. They conclude that there must be a slow inward 
current as well as the normal slow outward current. Part 
- of the apparent K inactivation was the result of this un- 
“suspected inward current, which would make the outward 
current as recorded by the clamp smaller than the true 
‘outward current. The ion or ions carrying this slow inward 
current are so far unidentified, but are presumably Na or 
© Ca. RoGER C. THOMAS 
L. DONALD PARTRIDGE 
















Germline 
itibody genes 


THe genetic basis for antibody diversity is a subject of 
‘ontinuing interest though the argument between germline 
-and somatic models of antibody diversity has abated re- 
cently. The large number of different amino acid sequences 
so far determined for V regions of mouse Kappa chains, 
point to there being at least a hundred Vxappa genes and 
-there is probably a similar minimum number of Vu genes. 
- The question as to whether somatic processes are used to 

- increase the diversity encoded in the multiple germline V 
genes remains open. Now the major effort is aimed at 
defining the way in which the V and C genes are arranged 
in a chromosome and the way in which they function. 

At present it is thought that the genes which code for H 
chains (Vx) are present on the same chromosome with the 
set of about ten Cu genes, one Cy gene for each class of 
antibody. In this model any Vu gene can be paired with 
any Cy gene to give a gene pair coding for a single heavy 
chain. Although there is considerable evidence to support 
this scheme, at present it is only an outline of what must 
be a fascinating genetic process. The C genes for both light 
and heavy chains map as single genes in a Mendelian 
fashion. Similar mapping of individual V genes has been 
limited. by the lack of suitable phenotypic markers. Re- 
cently individual antibodies have been characterised by 
either their idiotype (characteristic antigenic determinants 
defined by antisera raised against the antibody under study) 
_... fine specificity (definition of an antibody combining site by 

=. the quantitation of cross reactions) or spectrotype (character- 

. istic isoelectric focusing spectrum of an antibody). Using 

these genetic markers six Va genes have been identified in 

` the mouse and a search is now being made for recombinants 

_ so that a map of the Vy region of the chromosome gan be 

.. drawn, Each of these Vu genes, in agreement with the 

model I have mentioned, has been found to be closely 
linked to the Cy loci. : 

Eichmann, Tung and Nisonoff reported in last week’s 
edition of Nature (250, 509-511; 1974) strong evidence for a 
recombinational event separating two of the known Vu 
genes ARS and ASA. These genes had been identified by 
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the idiotype present on A/J strain mouse antibodies 
directed against p-azophenylarsonate (ars) and group A strep- 
tococcal carbohydrate respectively. A/J mice can make a 
variety of different antibodies directed against each of these 
two antigens. The initial response of A/J mice to ars always 
includes an antibody (or a family of antibodies) carrying 
the ARS idiotypic determinant. The ASA idiotype has 
been found to be associated with a particular antibody 
spectrotype and cells producing that antibody have been 
cloned in vivo (Eur. J. Immun., 2, 301; 1972). The inheri- 
tance of ASA in the Cy linkage group was shown by Eich- 
mann and Berek (Euro. J. Immunol., 3, 599; 1973) who 
mated A/J mice against BALB/c mice, a strain which 
efficiently makes antibody against group A carbohydrate 
but has never shown that ASA idiotype; the Fi progeny 
were backcrossed against BALB/c. Of the backcross off- 
spring 16/29 were homozygous for the BALB/c Cu genes; 
all but one of those 16 were, as expected, negative for the 
ASA idiotype on their anti-group A carbohydrate antibody. 
The odd mouse BB.{7 showed a recombinant phentotype 
with the ASA gene apparently present in the BALB/c 
Cy linkage group. 

In Eichmann er al.’s latest study, BB (7 has been 
again backcrossed against BALB/c and the progeny sup- 
port the idea that a new linkage of ASA to the BALB/c 
Cy loci has occurred as the result of a recombinational 
event. Many of the progeny of BB,<“7 have been tested 
for the ARS idiotype. In this respect the backcrosses be- 
have just like the parental BALB/c mice and make anti- 
ars lacking the ARS idiotype. The one recombinational 
event observed among the three genes under study is con- 
sistant with a simple linear map AS5SA———X A RS m 
Cu where X shows the position of the crossover. 
Further crossovers are needed in order to estimate map 
distances between these three genes. 

The occurrence of a recombinant in only sixteen pro- 
geny in which it could be detected is either a very fortui- 
tous event or else it is indicative of a large map distance 
between A5A and the other two genes. One map distance 
in the H chain linkage group of the mouse was reported 
by Riblet at the workshop on immunoglobulin variable 
region genetics (Bethesda, Maryland, March 25 and 26, 
1974), Riblet studied the DEX gene which is characterised 
by an idiotypic specificity found on two BALB/c myeloma 
antibodies binding a—1,3 dextran. Only two recombina- 
tional events were observed in a total of 530 crosses in 
which a recombination could have been detected. At the 
time of writing their article, Eichmann and his colleagues 
had screened 73 meaningful crosses and BBg7 remains 
the only recombinant. The next recombinant is keenly anti- 
cipated since the measurement of the distance between 
ASA and ARS will be indicative of the number of V genes 
which might lie between these markers. 

ALAN R. WILLIAMSON 








Reappearance of 
hexosaminidase A 


SINCE it became possible to fuse somatic cells using Sendai 
virus people have been investigating the complementation 
(supply of the other’s needs by each parental cell) of 
closely similar genetic defects. Complementation, in hy- 
brids and heterokaryons (the multinucleated cells produced 
by fusion) has provéeded useful information about recessive 
mutants, in cases, for example, where the precise meta- 
bolic lesion is not known and genetic heterogeneity has 
been neatly demonstrated (see, for example, Kao ef al, 
Science, 164, 312; 1969; de Weerd-Kastelein et al., Nature 
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new Biol., 238, 80; 1972). If different 


genes are defective in each parent 
then the normal gene product from 
the opposite parent in each case will 
be present in the hybrid with comit- 
tant ‘normal’ or ‘heterozygote’ pheno- 
type—namely intergenic complemen- 
tation. If on the other hand the two 
parental cell lines have a mutation at 
the same gene locus, complementation 
does not usually occur; the hybrid line 
also shows the defect. 

Different mutations at the same 
locus, however, can it seems sometimes 
complement each other (interallelic 
complementation) as the result of the 
formation of functional proteins 
(enzymes) made up of two different 


types of defective subunits, the 
variant gene products from each 
parent. Although  interallelic and 


intergenic complementation are indis- 
tinguishable when the primary pro- 
duct of the relevant gene is not identi- 
fied, in cases where an enzyme defi- 
ciency has been observed in the 
parental cells, the newly synthesised 
‘hybrid’ enzyme produced as a result 
of interallelic complementation would 
probably show differences in property 
from the normal enzyme. 

Genetic complementation has 
now been pleasingly demonstrated in 
heterokaryons made by fusing skin 
fibroblasts from patients with Tay- 
Sachs and Sandhoff’s disease, two 
clinically very similar diseases charac- 
terised by the excessive accumulation 
of the ganglioside GM; in the brain. 
In the tissues of patients with Tay- 
Sachs disease the enzyme N-acetyl 
B-b hexosaminidase A is absent and 
in Sandhoff’s disease both major forms 
of N-acetyl B-p hexosaminidase (A 
and B) are deficient. What Thomas 
et al. have done (see page 580 of this 
edition of Nature) is to demonstrate 
that hexosaminidase A (as well as B) 
is synthesised in the heterokaryons. 
Unfortunately, this finding does little 
to quell the dispute about the relation- 
ship of the hexosaminidase isozymes, 
because it can be explained by all the 
current models. 

Until the past week or two only two 
main models had been considered in 
the literature. The first is that B, the 
precursor enzyme, determined by 
locus 1, is enzymatically converted 
secondarily (by the product of locus 2) 
into A: and the second and perhaps 
most favoured theory is that A and 
B possess similar and dissimilar poly- 
peptide subunits (A=(@B),; B=(BB), 
or (By),) a being deficient in Tay- 
Sachs and 8 in Sandhoff’s disease (see, 
for example, Carroll and Robinson, 
Biochem. J., 137, 217: 1974: Srivase 
tava and Beutler, J. biol. Chem., 249, 
2054; 1974). Both of these models in- 
voke at least two separate gene loci, 

a different one being affected in each 








disease, and if either is right the syn- 
thesis de novo of hexosaminidase A 
in heterokaryons and hybrids would 
be predicted. If, however, only one 
gene were involved, the finding could 
still be explained by the formation of 
a hybrid enzyme by interallelic com- 
plementation. Yet another lengthy 
article on the interrelationship of the 
hexosaminidases has just appeared in 
the Journal of Biological Chemistry 
(Tallman eft al., 249, 3489; 1974) and 
these authors conclude that the A 
and B enzymes are conformational 
isomers—-a one gene model. They pro- 
pose that the mutation leading to 
Sandhoff’s disease affects the active 
site of the enzyme, thus both confor- 
mers are absent, and that that leading 
to Tay-Sachs disease causes instability 
of the ‘A’ conformation. In the light 
of this new claim it might then be 
worth studying the properties of the 
heterokaryon hexosaminidase A in 
rather more detail. It would not, how- 
ever, seem surprising if the task were 
unrewarding because despite the 
wealth of arguments concerning the 
biochemical and immunological prop- 
erties of the enzymes one simple yet 
important set of findings is not 
readily compatible with this one gene 
model. This also comes from somatic 
cell hybrid studies. In human/mouse 
hybrid cells (in which many of the 
human chromosomes are lost) the 
human hexosaminidase A could be 
lost without B, and its loss has been 
associated with the loss of a particular 


human chromosome (Lalley ef al., 
Proc. natn. Acad. Sci. U.S.A.. TA, 
1569; 1974). 


Complementation then of these two 
mutant lines does not seem to have 
solved the hexosaminidase puzzle, but 
it does provide another example of 
virus fusion in which interesting ob- 
servations can be made from hetero- 
karyons without the use of a system 
to select for mononuclear hybrid cells. 
The success of this experiment should 
provoke somebody into attempting the 
same thing with other mutant hexo- 
saminidase lines—which might just 
turn out to be more informative. 

From a Correspondent 


Bugs are beautiful 


from our Experimental Psychology 
Correspondent 

It might seem that using the computer 
as a theoretical vehicle in the explora- 
tion of the miħd constitutes about as 
reductionist a strategy asgone could 
devise: likening thought to processes 
involving punched cards and elec- 
tronic circutts. But to judge from the 
discusions at the Artificial Intelligence 
Society of Britain (AISB) Summer 
Conference held °at the University of 
Sussex from July 8-10, many of the 









































Left: intended drawing of stic Nye 
right: attempt by program. with bugs EERE 
(arrows represent tracks of pen). 


practitioners of artificial intelligence 
take up on the contrary a very men- 
talist stance indeed. A couple of 
speakers who described their work AS 
simulating neural pr cess OF. 
computational models ò 
attracted energetic comn wn 
other participants. ca 
Although the size of the con! 
indicated that artificial intelligence 
now well established in Britain, tt 
stars of the show were undoubted 
the speakers from the large America 
centres of AI, and in particular: froi 
the Massachusetts Institute of Te 
nology. In that region at least it 
neither the potential for stimulating 
neurones, nor the automation ef 
eae of the Sa mat is 





gence at 
emanates 


programmers. 
Typical of this kind if. k 
is I. P. Goldstein's -pro 
which takes a specification ofa simp 
picture, in descriptive terms, inclu 
ing the names of its parts (for e 
ample, head, body, legs) and relation: 
statements such as that the legs a 
body are connected, the arms are be- 
low the head and so on. It also has as 
part of its input a program intended — 
to draw a stick man, which repre- 
sents an approximate solution, but | EE 
which has bugs in it (see figure). What- 
the debuging part of Goldstein’s pro- 
gram knows is a good deal about the 
structure of simple programs in which © 
parts (for example, procedures) can 
be corrected and executed independ- 
ently of other parts. It also has some 
problem specific knowledge about how 
to relate descriptions in the non-pro- - 
cedural descriptive statement of the — 
specification to the primitives of the 
graphical procedures which can dra 
pictures, What the whole prograt 
does in effect is to edit and rew 
parts of itself in the light of its. fai 
to achieve its specific perform 
This provides a view of the 
solving process in which a 
strategy, albeit containing misce yi 
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tions and shortcomings, is executed. 
The mistakes so generated are regarded 
as valuable rather than unfortunate, 
because they can give the information 
necessary to improve the program’s or 
the programmer’s grasp of the process. 
This view is, for instance, quite differ- 
ent from the approach to problem 
solving taken in the General Problem 
Solver, or in most game playing pro- 
grams, where absurdly large numbers of 
microscopic actions are searched 
through to see if the program can 
stumble across a sequence of moves that 
provide a solution. That approach is the 
domain of the combinatorial explosion: 
the number of moves to be searched 
grows astronomically as the program 
peers rather blindly ahead. 

Programs which debug themselves, 
like Goldstein’s, or G. J. Sussman’s 
program called ‘Hacker’ whose skill 
improves with practice, or the con- 
struction of a programming appren- 
tice which is being designed by C. 
Hewitt and his colleagues (MIT) to 
cooperate in the design and testing of 
a program, represent what looks like 
a productive approach to problem 
solving. Mistakes are valuable in that 
they represent interaction of a pro- 
gram with its environment, the ex- 
perimental disconfirmations generated 
by a programmed theory about how 
to do something. An initial strategy 
for designing a process will almost 
certainly fall short in some way, but 
if the programmer gets about it pro- 
perly, the nature of the failure can 
indicate a new and better theory of 
how that process works or can be de- 
signed. 

The emphasis on bugs and debug- 
ging constitutes another new depar- 
ture in AI. Bugs provide a further 
way in which interaction with com- 
putational forms extends the under- 
standing of intelligence. The task is 
not really to simulate the brain, nor 
to discover that intelligence is so hope- 
lessly complex that we continually 
find ourselves trying to defuse one 
combinatorial explosion, after another. 
It is more a case of providing our- 
selves with better ways of thinking 
about thinking: more penetrating and 
productive metaphors for the mind 
than Freud’s bubbling cauldron of the 


unconscious, or the — self-operating 
supermarket door of — stimulus—res- 
ponse theory. New insights into 


thought processes may emerge from 
looking at the nature of bugs and the 
ways they are made, and from the 
attempt to formalise the process suffi- 
ciently to write programs that debug 
themselves. It can then be seen if 
the experience and understanging 
gained encourages thought not just 
about program bugs, but how people 
do learn,.or could learn, from their 
mistakes. 


Rain Forest, Cambridge, 


Sahara 
spreads south 


from Peter D. Moore 


DvuRInG the past century the Sahara 
Desert has expanded very considerably, 
particularly in a southerly direction. 
As a result the lands along the southern 
edge of the Sahara, which have long 
been used for grazing by nomadic 
tribes, no longer support savanna grass- 
lands but have been engulfed by the 
desert. 

Recent attempts at explaining this 
expansion have centred around the con- 
cept of climatic change; for example, 
Lamb (Phil. Trans. R. Soc., A276, 195: 
1974) has reviewed evidence for clim- 
atic changes during the past 5,000 
years. Although he considers it impos- 
sible as yet to construct vegetational 
maps for early civilised times, there is 
evidence which suggests that the Sahara 
has enjoyed higher levels of rainfall. 
Rock drawings of animals have been 
found in western and central areas of 
the Sahara which suggest that game 
was once available where it no longer 
exists. Skeletons of elephants have even 
been found, so some surface water 
must then have been available. The 
level of Lake Chad (southern Sahara, 
[3°N) was more than 30 m above 
present day levels 5,000 yr ago; also, 
at that time, the level of the Nile floods 
was far greater than has regularly been 
experienced since. In Lamb’s opinion, 
the equatorial rains ranged farther 
north during their seasonal migration 
which could have resulted in a regular 
rainy season to 20°N and erratic rains 
further north still, As a result one 
would expect a greater abundance of 
subsoil water than is now the case. 

A consideration of rainfall patterns 
in the area during the past 70 yr (Win- 
Stanley, Nature 245, 190: 1973) has 
shown that there has been a consider- 
able decrease in rainfall in the southern 
Sahara since 1960 (from 165 mm to 
100 mm in 1970, using 5 yr running 
means). In Winstanley’s view this rep- 
resents a southerly shift in isohyets of 
9 km per year. Since there is a steep 
spatial gradient of rainfall in this area 
this could account for the spread of 
desert conditions. 

Back in 1952 a rather different view 
prevailed. Richards (in, The Tropical 
1952) con- 
sidered that the expansion of savanna 
grasslands at the expense of rain forest 
south of the Sahara was the result of 
an increas@d use of fire by man in 
the area. Similarly the spread of the 
desert has often been attributed to 
human mismanagement. This view has 
recently been reiterated by Cloudsley- 
Thompson (Envir. Cogserv., 1, 5; 1974). 
He considers that the use of fire by 
man, which can now be traced back 
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more than 50,000 yr in East Africa, 
is a critical factor in the development 
of savanna and the subsequent spread 
of desert, but that the additional pres- 
sures imposed by overgrazing also de- 
serve attention. l 

Undoubtedly overgrazing has been 
an important factor, especially where 
goats have been involved, and it can 
result in the production of desert-like 
conditions even in situations where 
rainfall is moderate, for example 635 
mm in Karamoja, Northern Uganda. 
In addition to the removal of vegetation 
cover, the influence of trampling on 
soil erosion may also be considerable. 

It is, however, impossible to ignore 
Winstanley’s data or to regard them 
as unimportant. The response of veg- 
etation to climatic change in the ab- 
sence of human-induced factors is es- 
sentially slow, as the result of the long 
generation time of many climax-domi- 
nant species and to the influence which 
plants have on local microclimate be- 
cause of their canopy structure. Thus 
vegetation, particularly if it is struc- 
turally complex as in the case of for- 
est, possesses an inertia which buffers 
it against minor climatic fluctuations. 
One of the most important influences 
of man on world vegetation has been 
the simplification of the structure of 
habitats by felling, burning and grazing, 
with a resulting modification of micro- 
climatic conditions close to the ground. 
Soil hydrology and nutrient content 
are also affected by such processes. It 
is likely that the high intensity of graz- 
ing imposed on the savanna south of 
the Sahara has rendered the vegetation 
of the area particularly sensitive to 
the changes in rainfall pattern. The 
result has been the spread of the Sahara. 


Galactic 
chemistry 


from Virginia Trimble 

THe problems of determining the 
abundances of the chemical elements 
and accounting for them in terms of 
a theory of nucleosynthesis and the 
evolution of our Galaxy involves 
almost every branch of astronomy, and 
many related sciences, from objective 
prism spectroscopy and neutron activa- 
tion techniques to nuclear shell models 
and computerised histories of the 
Galaxy. It is not, perhaps, surprising 
then that no single, clear picture of 
nucleosynthesis and evolution emerged 
from the NATO Advanced Studies 
Institute on the origin and abundance 
of the chemical elements, held at the 
of Astronomy (Cambridge) 
from July 22 to August 9. If there 
is any unifying principle at all, it 
seems to be that, wherever one looks, 
there is evidence that more than one 
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process has been at work, and that, 
therefore, no one mechanism or theory 
can hope to explain all the observed 
chemical and isotopic abundances. 

Very broadly, one must think in 
terms of stars more massive than the 
Sun undergoing nuclear reactions 
throughout the history of the Galaxy 
and returning the products of those 
reactions to the interstellar medium. 
Successive generations of stars, includ- 
ing the Sun and its planetary system 
(whose composition is, by definition, 
normal and the standard with respect 
to which enhancements or deficiencies 
elsewhere are measured) will then be 
formed from the material thus en- 
riched in elements heavier than hydro- 
gen and helium. 

Within our Solar System, abun- 
dances can be determined for 
meteorites of various types, the solar 
photosphere, the solar corona and 
wind, and particles ejected by solar 
flares, as well as for the Earth (which 
is, however, so chemically fractionated 
as to be almost useless as an indicator 
of general abundance). The carbon- 
aceous chondrites (which are the type 
richest in volatile materials and there- 
fore the closest to the primitive solar 
nebula in composition) have, to first 
order, compositions and structure 
which can be understood in terms of 
temperatures at which various com- 
pounds condense from a gaseous to a 
solid phase, with some later remelting 
and fractionation of their parent body, 
according to E. Anders (University of 
Chicago). But there are additional 
components, amounting to 1 or 2% of 
the masses of the meteorites con- 
cerned which, from their isotope ratios 
(in one case a deficiency of “Ne and 
“Ne relative to Ne, and in the other 
an excess of O relative to the other 
isotopes), seem to represent interstellar 
grain material incorporated into the 
meteorites without ever having been 
vaporised and recondensed in the solar 
nebula, according to R.N. Clayton 
(University of Chicago). The Earth on 
the basis of its oxygen isotope ratio 
may also contain about 1% of this 
unvaporised component. 

High energy particles ejected from 
solar flares exhibit strong variations in 
composition with energy below a few 
MeV per nucleon, but above that con- 
verge to abundances which are not 
significantly different from those in 
the solar photosphere or corona. This 
Suggests, according to P. B. Price 
(University of California, Berkeley) 
that, at sufficiently high energies, the 
composition of cosmic rays coming 
from outside the Solar System might 
also reflect that of the objects whiche 
are their sources (supernovae or 
supernova remnants in most theories). 
In fact, at those energies which have 
been studied, the cosmic ray composi- 


B and H 


from Peter J. Smith 


AS far as units are concerned, geo- 
magneticians have traditionally had 
an easy life. Geomagnetic measure- 
ments are usually made in media 
having relative permeability pe~ 1; 
and in the c.g.s. e.m.u. system the 


permeability of free space po=l. 
Thus the induction B is related to 
the field intensity H by B=p,.jo.H= 


H for all practical purposes. As a 
result of this simple equation geo- 
physicists have seldom had to think 
very carefully about the physical 
difference between B and H; few, if 
any, have really cared whether their 
magnetometers have measured B or 
H, the gauss, the c.gs. unit of B, 
has by usage become totally inter- 
changeable with the oersted, the c.g.s. 
unit of H: and as Lowes points out 
(Geophys. J., 37, 51, 1974), it is no 
longer even clear whether the gamma 
was introduced as 10°° gauss or 10° 
oersted. 

The recent recommendation by 
the International Association of 
Geomagnetism and Aeronomy 


tion shows unmistakable signs of spalla- 
tion (which greatly enhances the 
amount of Li, Be, and B among other 
things) as a result of passage through 
the interstellar medium. After correc- 
tions for spallation, the apparent cos- 
mic ray source composition, as deter- 
mined by M. Shapiro (Naval Research 
Laboratory) and others, still has a 
great enhancement of heavy elements 
in general over hydrogen and helium 
and of the iron peak elements with 
respect to C, N and O. There may, in 
addition, be an excess of U and Th 
and other nuclei produced in the r 
process (in which neutrons are captured 
rapidly by tron peak nucle: and the 
resulting unstable products then beta 
decay back to stability). The cause of 
these anomalies must be apportioned 
between the processes which produce 
the nuclei that become cosmic rays 
and the processes that accelerate the 
nuclei to relativistic energies. It is not 
clear how this apportionment should 
be made. 

A recently discovered, low energy 
component in the cosmic rays has a 
quite different set of anomalies (O and 
N enhanced with respect to C, and 
enhanced He which is pure *He). These 
have been attributed on thg one hand 
to processes in the sources, assumed 
to be ordinary novae, by D. Clayton 
(Rice University) and F. Hoyle (Uni- 
versity of Manchester) and, on the 
other hand, to preferential leakage in- 

è i ; 
to the heliosphere of atoms with high 
ionisation potential, by R. Ramaty and 


(IAGA) that the geophysical com: 
munity adopt the SI system has — 
given cause for a little thoug 
although insofar as the conversion 
from c.g.s. may be made by sim 
numerical factors, life will probabi 
go on much as before. Indeed 
basic decision about whether 
press results in terms of B 
(necessitated by the fact that 
#o=1) was made by [AGA in fa 
of B in the “interest of achieving : 
the least possible disruption of existe | 
ing numerical usage” and in spite of |- 
protestations that “matters of physi- | 
cal fact are involved” (Whitwort 
and Stopes-Roe, Nature, 234, 31 
1971). ee 
In any event, Lowes has nov 
shown that, whatever it may 
the label, real magnetometers 
calibrations which depend on 
permeability of the medium in w 
the field is measured. Magnetometers 
thus actually measure neither B nor. 
H exactly; and so from the instru- 
mental point of view there is no | 
reason for preferentially choosing | 
either for expressing magnetic field | 
data. Not that this will prevent con- -f 
troversy in the future, of course! 





others at Goddard Space Flight Cente 
where the new component was. dis 
covered. 

The most striking recent progress. m 
measuring abundances has been. made 
by a group at Princeton Universi 
as a result of Copernicus observatio 
of ultraviolet interstellar absorptic 
lines. They have obtained a relative 
coherent picture, in which the elements 
that are most depleted from the 
general interstellar gas onto grains’ a 
those that condense at the lowest ter 
peratures. This is reminiscent of k 
situation in meteorites. no 

Among the stars, the extraordinary 
enrichment of the surfaces of certain 
peculiar A stars in Eu and other rare 
earths seems, from the work of G.. 





Michaud (University of Montreal), to- 
be attributable to diffusion in the outer- 


layers of stars with initially normal 
composition. A new class of CH sub- 
giants, discovered by H. Bond (Loui- 
siana State University) has, on the other 
hand, overabundances of C, Nd, Ce 
and La, combined with a deficiency 
of other metals, which seem to reflect 
mixing to the surface of material which 
has undergone nuclear reactions in the 
interior of the stars. K 
The theoretical models of element. 
production tend to reflect the multip 
city of components in the observation 
Several theorists, including I. I 
(University of Illinois) and S. Woo 
(California Institute of Techno 
have followed the assorted processe 
(hydrogen and helium burning; hydro- 
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static and explosive carbon and oxygen 
burning; explosive silicon burning; and 
the rapid, slow, and equilibrium cap- 
ture of neutrons) which should occur 
in the various layers of normal stars. 
By a judicious mixing of the products 
of the various processes (coresponding 
roughly to the masses in each of the 
layers), they have succeeded in repro- 
ducing the observed abundances in the 
Solar System over a wide range of 
atomic numbers while using a rather 
small number of adjustable para- 
meters. 

On a still lafger scale, W. D. Arnett 
(University of Hlinois) and R. Talbot 
(Rice University) and B. Tinsley (Uni- 
versity of Texas, Dallas) have formu- 
lated models of the evolution of our 
Galaxy as a whole which can re- 
produce the variations of total metal 
abundance with time and position in 
the galaxy as well as the percentages 
of matter now present in the form of 
gas and of stars of various masses and 
compositions. The models are by no 
means unique. 


Lizards and 
dune buggies 


from our Animal Ecology Correspondent 


Nospopy can doubt that increased 
leisure time available to people living 
in affluent societies is on the verge of 
creating immense environmental haz- 
ards. As it seems likely that time and 
money are going to be increasingly 
plentiful in the future, it is high time 
that ecologists and politicians got to- 
gether to formulate useful legislation. 
This must be tailored to suit the specific 
ecosystems under pressure and no area, 
however barren, should be thought to 
be unworthy of inclusion. 

The vast Mojave desert of the south- 
western United States is one such barren 
area that has been used for more than a 
century for mining and domestic stock 
grazing. Today it is an important play- 
ground for the people of California and, 
as might be expected, the huge pressure 
so induced is taking its toll. At a con- 
servative estimate there are 1.2 million 
motor cycles and 500,000 dune buggies 
in California most of which are used 
for scrambling and other off-road pur- 
suits. A most useful pilot study of the 
impact of both vehicles and sheep on 
the Mojave has been made by Busack 
and Bury, and it is to be hoped it does 
not escape the attention of environ- 
mental decision makers (Biol. Conserv., 
6, 179-183; 1974). 

Dove Springs canyon, 23 km N and 
95 km W of California City, was 
chosen as a study site since it,iS a 
popular place for buggy racers to dis- 
play their talents. Three 1 ha plots 
representing heavy use, moderate use 
and no use were established and all the 


resident lizards in each were collected 
during a 3-day period. The conditions 
under which the census was made 
satisfy the restrictions as to effectiveness 
laid down by Zippin (Biometrics, 12, 
163-189: 1956). Some lizards were 
caught by hand (the rare ones which 
were subsequently released), some were 
shot with 0.22 dust shot and others were 
shot with elastic bands. In the heavily 
used area, where the vegetation was 
severely reduced, only two lizards (Ura 
stansburniana) were caught. In the 
moderately used area 15 lizards were 
taken adding Callisaurus draconoides 
and Cnemidophorus tigris to the list. 
The biomass of lizards in this area was 
more than 48 times greater than that in 
the first area. The unused plot yielded 
24 lizards (the three species mentioned 
plus Crotaphytus wislizenii) and had a 
biomass almost double that of the 
moderately used area. If lizards can be 
taken as indicator species of general 
ecological complexity—-and being 1n- 
sectivorous this seems not unreasonable 
— there seems to be a case for speedy 
legislation to restrict dune buggy racing 
only to certain areas. 

Grazing has different effects on 
lizards. Previous studies of desert vege- 
tation have indicated that grazing does 
not greatly affect the diversity of plant 
species (Blydenstein, Hungerford, Day 
and Humphrey, Ecology, 38, 522-526; 
1957: Gardner, Ecology, 31, 44-50; 
1950). Protection from grazing serves 
to increase biomass without seriously 
affecting ecological complexity. In 
Gardner’s study 30 years’ protection 
from grazing brought about a 110% 
increase in biomass. The ungrazed study 
plot used by Busack and Bury yielded 36 
lizards with a total biomass of 690 g 
ha’': of this 6 C. draconvides comprised 
less than 10°% of the total biomass. The 
plot which had been heavily grazed by 
sheep in the previous year revealed 17 
lizards with a biomass of 185 g ha~’. 
Interestingly, of this 17, Il were C. 
draconoides which comprised almost 
70°, of the total biomass. Phrynosoma 
platvrhinos and C. wislizenii were 
absent from the grazed plot. The likely 
interpretation of these observations 1s 
that the vegetational changes associated 
with grazing reduces to below an 
acceptable exploitable level the popula- 
tion of insects required by these species. 
C. draconoides is an agile lizard that 
favours open areas with scant plant 
growth and small rocks. The effect of 
grazing is to produce these conditions. 

Both motor cycling ahd buggy racing 
have an inmaportant influence on com- 
munity structure which could result in 
irreparable ecological damage. Strict 
control over who does wRat where in 
the Mojave will be required if the whole 
place is not to become unfit for lizards 
and thus, in the long term if not in the 
short, unfit for any kind of human use. 
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Lattice defects 
in Freiberg 


from John Walker 


Tye latest in the series of international 
conferences on lattice defects in semi- 


conductors, held at Freiberg from 
July 22-25. was opened by G. D. 
Watkins (General Electric, Schenec- 


tady) with his traditional review of 
spin resonance studies in silicon. The 
self-interstitial has still not been Iso- 
lated, but seems to be produced in a 
positive-charge state during irradiation. 
It is then trapped by and changes place 
with the negatively-charged acceptors 
in p-type material. This trapping does 
not occur in n-type material, so the 
damage rate is lower, though boron 
counterdoping increases it. The im- 
portance of oxygen in radiation 
damage was emphasised by the identi- 
fication of the Si-G3 and Si-G4 centres 
as vacancies perturbed by oxygen 
atoms. Both defects anneal to give the 


well-known A-centre (an oxygen- 
vacancy pair). 
R. P. Messmer (General Electric, 


in his review of the 
theory of point defects in semicon- 
ductors, described the Xa scattered 
wave theory which has been used to 
illuminate the controversy between 
many-electron and one-electron treat- 
ments of the diamond vacancy. Ap- 
parently the electrons are not sharply 
localised at the defect, but spill out 
into the surrounding lattice. Hence 
electron—electron interaction is reduced 
and the one-electron calculations are 
adequate. This is consistent with ex- 
perimental results on silicon, but the 
data are not available for diamond. 
In the diamond session, L. A. Ver- 
meulin and colleagues (Universities 
of Reading and the Witwatersrand) 
reported the observation of sharp 
photoconductivity peaks in irradiated 
diamond crystals. which suggests the 
existence of bound states within the 
conduction or valence bands. J. W. Van 
der Sande (University of the Witwaters- 
rand) has used the low temperature 
thermal conductivity of irradiated 
diamond to demonstrate the presence 
of interstitial clusters 200 A in dia- 
meter: these indicate that defects are 
mobile below room temperature. 
Phosphorus ions, when ion- 
implanted into silicon m a random 
direction. penetrate further than €x- 
pected. Explanations which have been 
suggested are diffusion and the scatter- 
ing of ions into channelling directions. 
P. Blood and colleagues (Mullard Re- 
search Laboratories. Redhill and 


Schenectady), 


*AERE Harwell), in a very elegant ex- 


periment, prepared a thin silicon 
crystal and implanted radioactive 
phosphorus ions into it. Diffusing ions 
would necessarily remain in the crystal, 
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whereas channelled ones could emerge 
from the back face and be trapped in 
a second, adjacent crystal. Radioactive 
ions were found in the second crystal, 
so channelling was indeed occurring. 

D. V. Lang and L. C. Kimerling 
(Bell Laboratories) introduced a power- 
ful new tool for the study of defect 
states within the forbidden gap. Deep 
level transient spectroscopy can detect 
the activation energy for thermal emis- 
sion from a defect level to the band 
edge, the defect concentrations, their 
spatial profile and the electron and 
hole capture cross sections. All these 
parameters are of obvious interest to 
device manufacturers as well as 
academic physicists. A voltage pulse 
fills with charge carriers the defects 
within the deplection region of a p-n 
junction. The trapped carriers are 
then released and cause a capacitance 
transient whose magnitude and time 
constant, combined with the device 
temperature and the width of the de- 
pletion region, indicate the above para- 
meters. The technique is also relatively 
cheap and simple to operate. 


Genetical hazards 
of pollutants 


from A. D. Bradshaw 


Human beings are rather ambivalent to 

problems of pollution. On the one hand 
people can get very worried by them, 
and yet on the other hand they all too 
easily dismiss them. It was for this 
reason that the Genetical Society held 
a symposium on the subject on July 
10-12 during their summer meeting at 
Lancaster. Eight invited speakers pro- 
vided an assessment of the current state 
of knowledge about the genetical 
effects of pollution. 

These effects fall into two distinctive 
parts—selection and mutation. It was 
clear that a great deal is now known 
about the selective effects of pollutants. 
Indeed, they provide some of the most 
elegant examples of evolution in action 
as was shown.in the accounts of indus- 
trial melanism in moths by L. M. 
Cook (University of Manchester) and 
J. A. Bishop (University of Liverpool) 
and of heavy metal tolerance in plants 
by A. D. Bradshaw (University of 
Liverpool). These two examples are 
remarkably similar in the way they 
demonstrate the powerful effects of 
selection in the formation of highly 
localised adapted populations, parti- 
cularly in organisms with limited 
powers of dispersal. In both cases the 
observed clinal patterns can be corre- 
lated with observed values for gene 
flow and selection. 

Although the rapidity of the evolu- 
tion of insecticide resistance is now 
well known it is doubtful if many 


people realise the remarkable rate of 
appearance over just a few years of 
resistance to first one new insecticide 
and then another. This problem was 
outlined by R. J. Wood (University of 
Manchester) who showed how much 
the evolution of insecticide resistance 
is ruining insect control. The evolution, 
however, is determined by the avail- 
ability of appropriate variation as well 
as by selection, for only some, and not 
all, species have evolved resistance. 

It is easy to appreciate that evolution 
of resistance to insecticides or heavy 
metals, being so much a matter of 
survival or extinction, will be very 
rapid: one or two years seem to be 
sufficient for substantial evolutionary 
change. It was therefore interesting to 
hear from R. W. Snaydon (University 
of Reading) that even the quiet fields 
of Rothamsted Experimental Station 
can provide examples of equally far 
reaching and rapid evolution in the 
grass Anthoxanthum odoratum, in 
response to the different liming and 
fertiliser treatments of the Park Grass 
Experiment. Here indeed is an example 
which shows the very pervasive effects 
of evolution on all characters of an 
organism, and the fact that an ordinary 
meadow can readily generate coeffici- 
ents of selection as high as 0.5 or more. 

By contrast, contributions on the 
mutational aspects of pollution did 
not paint quite such a clear picture, not 
because of lack of importance of the 
subject or of lack of work, but because 
of the inherent difficulties of mutation 
research. C. E. Purdom (Fisheries 
Laboratory, Lowestoft) described the 
history of research on the effects of 
ionising radiation, from the early days 
when only the linear relationship 
between mutation and dose was known 
to the present day when it is realised 
that the relation is not so simple and 
that different species including man 
can show very different patterns of 
sensitivity. 

This theme was taken up by M. F. 
Lyon (MRC Radiobiology Unit, Har- 
well) for the particular case of the 
effects of radiation on mammals. It 
now seems that repeated small doses 
give a lower mutation rate than the 
same total dose given in a single expo- 
sure, Since environmental radiation is 
received almost entirely in small doses 
or at low rates it may therefore be less 
hazardous than was previously thought. 
At the same time the yield of mutation 
in mice, and guinea-pigs and hamsters, 
suggests that mutation yield decreases 
with time after irradiation. All this 1$ 
comforting to human beings, but there 
is still, for obvious reasons, no direct 
evidence. e 

The last but not least effect of en- 
vironmental mutagens, particularly 
chemicals, is fb cause chromosome 
change. There is enormous pressure to 
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produce effective means for testing the 
effects of new chemicals on human 
tissue. M. L. O'Riordan and H. J. 
Evans (Western General Hospital, 
Edinburgh) showed the value of peri- 
pheral blood lymphocytes for this pur- _ 
pose. But the problem is to know how `. 
far it is possible to extrapolate from 
such data to effects on germ cells. 
Certainly germ cells and embryos in 
human beings have their own particular 
properties. E. Alberman (Guys Hos- 
pital, London) very effectively brought 
the symposium to a close with an 
analysis of the causes of spontaneous 
abortion in human beings. It is very 
clear from the relation between foetal - 
death and the presence of chromosomal = 
abnormalities in the foetus, and between 
mean ovarian X-ray dose and foetal. 
death, that abortion is a process. bj 
which human beings get rid of m 
newly acquired genetic abnormality. 


Pacific 
motions 


from Peter J. Smith 

































Deer sea sediment cores-——unlike rocks - 
from continents, oceanic islands and 
seamounts—have not generally been 
used to reconstruct lithospheric plate 
motions. There are several reasons for - 
this: azimuthal orientations of sedi- 
ment cores have not usually been 
available, thereby making it impossible | 
to obtain the complete palaeomagnetic 
information: cores have often bee: 
short, thereby limiting data in time 
and there are the usual problems o 
dating and determining sedimentation. 
rates, especially beyond the well defined 
continental polarity-time scale. Perhaps 
even more importantly, the sediments 
easier to recover are obviously the- 
younger ones within whose span plate _ 
motions have been small. Ocean cores | 
have therefore been most useful in | 
polarity studies, in elucidating time- = 
stratigraphic relationships and in 
determining geomagnetic field prop- 
erties, although some years ago Sclater 
and Cox (Nature, 226, 934: 1970) did 
show that cores can be used to trace 
palaeolatitude variations given adequate 
time coverage. 

Another attempt to determine plate 
motions from sediments has now been 
made by Hammond er al. (Earth planet. 
Sci. Lett., 22, 22; 1974) using 7 cores 
from the central equatorial Pacific. 
Taken together the cones spanned 
completely the period 0.1—21 million 
years (Myr) ago, a range determined _ 
partly from magnetic and partly from 
biological data. For the younger sedi- 
ments, dating was based primarily 
comparison with the continental 
polarity-time scale. Sediments in the > 
range 5-10 Myr were dated by compar- 






ing the relative lengths of polarity 
epochs in the cores with those of dated 
ocean floor anomalies. For the period 
beyond 10 Myr ago, dates were based 
largely on the correlation of observed 
radiolarian zones with the tropical 
radiolarian zoning previously estab- 
lished. 

Such dating is easier to describe than 
to carry out; but within the limitations 
of the various methods, Hammond and 
his colleagues go on to plot palaeolati- 
tude (from the measured palaeomag- 
netic inclinations) as a function of age 
throughout each core on the assump- 
that during the relevant period the 
geomagnetic field has been axially 
dipolar. In each case, the variation of 
palaeolatitude with time indicates 
northward motion. The overall average 
rate of movement, based on linear 
least-squares regression analyses of the 
latitude-age data, is 8.4 cm yr™' during 
the past 21 Myr. The average, however, 
conceals a significant mid-period 
change in motion, for about 12 Myr 
ago the rate of northward movement 
seems to have slowed from about 1! 
~ to 6 cm yr. This could represent a 
-~ genuine decrease in the absolute rate 
_ of motion, a change in direction (which 
could reduce the northward component 
of motion without necessarily reducing 
the actual rate), or both. 

Numbers apart, the important general 
point demonstrated by Hammond er al. 
is that the method of reconstructing 
plate motions using deep sea cores can 
be made to work as long as the cores 
cover a sufficiently long interval of 
time. They also note that in view of 
the limited number of cores studied 
and the difficulties in dating them 
accurately, their own particular results 
must be regarded as tentative. Never- 
theless, they draw attention to the fact 
that their overall drift rate of 8.4 cm 
yr is in excellent agreement with the 
rate of about 8 cm yr`™ obtained by 
Grommé and Vine (Earth planet. Sci. 
Lett., 17, 159; 1972) from a palaeo- 
magnetic study of Miocene basalts 
from Midway Atoll, 

On the other hand, Hammond and 
his coworkers do not mention that 
Winterer (Bull. Am. Ass. Petrol. Geol., 
56, 63; 1972) concluded (on the basis 
of eastern Pacific data) that the Pacific 
plate has been moving northwards at 
a rate of only 3 cm yr™ for the past 
30 Myr, nor that Heezen er al. used 
-western Pacific data to obtain an even 
_ lower rate of 2 cm yr. But Forristall 
_ (Geophys. Res. Lett., 1, 131: 1974) does 
mention this previous work, and uses 
it to expand some ideas of his own 
concerning Pacific motions. 

Forristall’s ultimate conclusion is 
that the asthenosphere beneath “the 
central Pacific is about twice as thick 
as the lithosphere—a result which will 
cause little surprise insofar as it is in 











general agreement with majority views 
favouring shallow convection. But the 
assumptions and data upon which the 
conclusion is based are much more 
contentious. For example, many will 
surely quarrel not only with Forristall’s 
view that the concept of hot spots fixed 
with respect to each other has been 
conclusively rejected but also with his 
more fundamental assertion that “it 
is hard to escape the idea that linear 
chains of volcanic features... are the 
expression of isolated subsurface hot 
spots”. 

Be that as it may, the more important 
point in the present context is that 
in his calculations Forristall uses the 
northward drift rates proposed by 
Winterer and Heezen et al., apparently 
rejecting the higher rate obtained by 
Grommé and Vine. It thus becomes 
clear that not only are different workers 
obtaining quite different figures for 
recent Pacific plate motion, the variety 
of values available provides a basis 
for wider conclusions. The reasons for 
the discrepancies in drift rate are not 
difficult to imagine; but until they are 
sorted out the confusion is likely to 
increase. 


Observing the 
millenium 


by John Gribbin 

On the face of things, the achievement 
of 1,000 issues of a journal may seem 
unremarkable by Nature’s standards— 
this journal is now well into our sixth 
‘millenium’ of continuous publication. 
But when the Journal in question only 
appears bimonthly at best, and has 
recently suffered more than most from 
the rigours of the British three-day 
week, there is perhaps some excuse 
for dropping the mask of scientific 
sobriety for one celebratory issue. 

The journal to which I refer is 
The Observatory, which is the house 
journal of the Royal Astronomical 
Society. The sense of humour needed 
to run such a journal for a body of 
scientists as free-ranging in their ideas 
aS astronomers is often apparent in 
ordinary issues of the journal, where 
sober scientific papers rub cheek by 
jowl with letters which are sometimes 
decidedly peculiar (but must presum- 
ably be published if they come from 
Fellows of the RAS?) and with ver- 
batim reports of meetings which are 
so deadpan that they have on occasion 
been known to reduce an astronomical 
coffee break to something approaching 
hysteria. 

To anybody who has been present 
at the meeting being reported in any 
particular issue of The Observatory, 
the favoured game is*to spot who has 
taken the opportunity (offered in the 
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best traditions of scientific accuracy) 
to change what they actually said at 
the meeting to what they would have 
said if they had either remembered, — 
or had time, or read the papers they 
should have read in advance. Together 
with the frequent interjections from 
“A Fellow” (anybody present who was 
not recognised by the RAS scribes), 
this makes the meeting reports just 
about beyond improvement—so it is 
a pity that the editors of the journal 
thought it necessary to start their 
celebratory 1,000th issue with a spoof 
meeting report. 

The spoof scientific papers are more 
successful, although most of them hinge 
upon ‘in’ jokes which will mean little 
to non-astronomers (but then, who else 
will be reading them?). But a couple 
of contributions deserve at least pass- 
ing notice from the wider world of 
science. These are concerned with two 
newly discovered manifestations of the 
l i-year cycle which seems to be linked 
to many terrestrial phenomena, and 
may be triggered by solar activity. 
Research into this subject is still seen 
as a contentious issue in some quarters, 
and one of the contributors hides be- 
hind the pseudonym “Disgusted, Tun- 
bridge Wells” (presumably A. Fellow?). 
What Disgusted has discovered, among 
other things, is that an analysis of the 
number of pages in each issue of The 
Observatory shows “a suggestion of 
the eleven-year cycle which occurs in 
most astronomical data”. But the sec- 
ond communication is even more re- 
markable. 

According to Mathews (Observatory, 
94, no. 1,000, 13P: 1974) there is a 
correlation between sunspot activity 
and the political “colour” of British 
governments. Labour governments, it 
seems, tend to be returned at times of 
sunspot minimum, and Conservative 
governments at times of sunspot maxi- 
mum. Best of all, in a prediction made 
before the most recent British election 
but only now appearing in print, Mat- 
hews said “regions of political insta- 
bility may well be triggered in the next 
few months, resulting in the election 
of a Labour Government”, and also 
predicted “the continuation of the Lib- 
eral revival’. Those predictions, of 
course, may well be considered still 
relevant today, and if Mr Harold Wil- 
son is a reader of The Observatory, 
there might well be another election 
in Britain in the very near future. 

This area of sunspot research is 
clearly an important field of astronomy 
today (see Nature 246, 453: 1973). If 
there are still doubters who are un- 
convinced of the reality of the solar- 
éerrestrial links let them ponder on a 
quote from The Observatory of 1877 
(1, 370): “M. Tempel supposes that the 
spiral shapes (of Nebulae) are only 
creatures of fantasy”. 
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Primate social organisation and ecology 


T. H. Clutton-Brock 
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Attempts to relate interspecific differences in social 
organisation among primates to gross differences in 
habitat or diet type have been largely unsuccessful. This 
is probably partly because distantly related species have 
adapted to similar ecological situations in different ways 
and partly because much finer ecological differences are 
important. 





THE accumulation of primate field studies in the course of 
the last two decades has emphasised the extent to which 
social organisation varies between species.’ Marked inter- 
population differences have been observed in a number of 
cases’, but most species possess characteristic modal patterns 
of social organisation. Members of some species are solitary’ 
for much of their time, while others live in family groups*“ 
and others in semi-stable groups of fifty or more animals*. 
Groups may include approximately equal numbers of males 
and females’ or, as is more usual, there may be a pre- 
ponderance of females**. In a number of species, groups 
regularly split up into parties which forage separately’? 
while in other all members of the group stay together“ 
The average size of the area used by groups differs from 
<0.01 to >50 km’ (ref. 12). 

At present, little is known about the adaptive significance 
of these differences. Several reviews have attempted to 
relate them to gross differences in diet or habitat type’*””. 
The first and perhaps the most influential of these was pro- 
duced by Crook and Gartlan” in 1966. Primate species were 
divided into five “grades” according to the nature of their 
diets, the kind of habitat they occupied and the pattern of 
social organisation which they displayed. The paper 
emphasises the similarity of social organisation in species 
sharing the same diet and habitat type and is widely quoted 
as evidence that social organisation and ecology are closely 
related. But when it is viewed in the light of current know- 
ledge, differences between groupings are less impressive 
than differences within them. For example, Saimiri sciureus, 
Colobus spp., and Gorilla are all placed in the same grade, 
despite the gross differences in diet, foraging behaviour and 
social organisation which exist between them**”**, In addi- 
tion, the paper illustrates a fundamental problem in classify- 
ing primate social systems. Since different aspects of social 
organisation are not well correlated across species, 
categories defined by a single criterion will include social 
systems which differ widely in other ways. 

Jolly’ avoids this problem by considering different aspects 
of social organisation separately. She groups species into 
six ecological divisions (‘‘nocturnal’’, “arboreal leaf-eaters’’, 
“arboreal omnivores”, ‘“‘semi-terrestrial leaf-eaters”, “‘sem1- 
terrestrial omnivores” and “arid country species’), and 
compares troop size, range and territory size, population 
density, inter-group behaviour and day-range size separately 
between ecological groups. Again, differences within most 
groupings are more striking than differences between them. 
For example, between species allocated the “arboreal leaf- 
eaters” category, average troop size differs from <10 
to >50 and average range size from <0.02 to >1 km’, while 
other categories show even more variability. 

To criticise these reviews in the light of current knowledgt 
is not to discount their value. The paper by Crook and 


Gartlan in particular has stimulated much interest and a 
considerable body of research. There are, however, theo- 
retical reasons why social organisation should not be 
expected to be closely correlated with gross ecological 
variation, 


Phylogeny, ecology and adaptation 


One probable reason for the absence of close orei is eo 
that different species tend to react to similar environmental 
pressures in different ways. When a novel adaptation $ 
evolves, its form will be partly determined by the 
environmental factors through which selection is ope 
and partly by the species’ phylogenetic inheritanc 
Consequently, distantly related species are likely to evolve 
different traits with similar functions. For example, anato- 
mical specialisations permitting the digestion of foliage have — 
evolved in several primate families. In some this has been | 
achieved by the development of a large caecum (for | 
example, Alouatta, Indri)*, in others by chambered _ 
stomachs with bacterial symbionts (for example, Colobus, — 
Presbytis. Similarly, many interspecific differences in 
social organisation may well prove to represent different 
methods of overcoming the same ecological problems. 
Another reason is that the wrong kind of ecological varia- 
tion has been assumed to be important. Within habitat 
categories as broad as “forest”, “woodland” and “savanna”, 
and dietetic categories such as “insectivore’’, “frugivore”’, x 
“folivore” and “omnivore” there is room for vast ecological — 
differences. Food supplies may be static or mobile, sparse 
or dense, heavily clumped or evenly dispersed, reasonab 



























Fig. 1 Movements of a troop of red colobus (squares: | 

September 6 to 31, 1970) and one of black and white colobus | 

(circles: August 29 td September 31, 1970) about their 

ranges in Kibale Forest Reserve, Uganda. Squares and- 

circles shows the troops’ night-resting positions, the figures 

inside them the dates. Points show the positions of the troops 
at 12 noon on each day. 
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Fig. 2 A male black and white colobus watches an intruder. 


Stable throughout the year or extremely variable”, Intensity 
of predation may vary in the same ways. If ecological dif- 
ferences at this level affect social Organisation (and, by 
analogy, the plentiful literature on birds Suggests that this 
will be found to be the case”) one should expect social 
Organisation to vary widely within habitat and diet types. 

A recent study of two species of colobus monkeys in East 
Africa” provides an example of the level at which dif- 
ferences in social organisation may be related to ecology. 
Both the red colobus (Colobus badius) and the black and 
white colobus (C. guereza) are widely distributed across 
tropical Africa”. The two species are sympatric throughout 
much of their range, though the black and white colobus 
is found both in wet and dry forest while the red colobus 
is less commonly found in dry forest”. Although both 
species are largely folivorous, arboreal and forest-dwelling,” 
their characteristic patterns of social Organisation differ 
widely. Red colobus live in large, multi-male troops of 40 
or more animals which occupy extensive ranges of around 
| km* in size (see Fig. 1). Their different calls intergrade”’. 
Oestrous females show pronounced swelling of the perineal 
region. Infants have a black natal coat and are apparently 
handled only by the mother during the first months of life. 
In contrast, black and white colobus live in small troops of 
five to 10 animals which often contain only one adult 
male****. The troops occupy defended territories usually 
<0.2 km’ in size and inter-troop relationships are nogmally 
hostile**. Males give a booming roar which may serve to 
space groups” while intragroup vocalisations intergrade as 
in the red colobus. Females show no obvious oestrous 
swellings. Infants have a white natal coat and are handled 
by females other than their mothers from the day of birth”. 

Between August, 1969, and June, 1970, I observed one 
troop of red colobus in the Gombe National Park for 9 
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months”. Afterwards, for approximately a month each, I 
watched one troop of red colobus and one of black and 
white colobus in each of two areas in Kibale Forest, 
Uganda. I measured the amount of time which the animals 
spent feeding on different foods by recording, at quarter- 
hourly intervals, the foods that all visible animals were 
eating’. In each area, I also measured the relative 
abundance of the different tree species. 

The feeding behaviour of all three troops of red colobus 
was very similar, The animals ate the flowers, fruit, shoots 
and leaves of a variety of tree species. They were extremely 
selective in their choice of food, regularly choosing certain 
parts of particular tree species. Most tree species were not 
evenly distributed through the forest, with the result that 
the animals fed on different foods in different parts of their 
ranges. In addition, the availability of food on most species 
varied seasonally and this was reflected in seasonal changes 
in the animals’ diet. When shoots, flowers and fruit were 
less abundant, the animals fed to a greater extent on 
mature leaves, though in no month did they spend more 
than 60% of their feeding time eating mature leaves. In all 
months of the year at Gombe, and in both study areas at 
Kibale, the animals fed on a wide variety of food species. 
To measure the variability of their diet, in each month I 
ranked the animals’ foods on the amount of time spent 
feeding on them. At Gombe the proportion of time spent 
feeding on the top-ranking food species varied from 13-42%, 
between months, that on the second ranking species from 
11-21%, while the amount of time spent feeding on the top 
five varied from 51-80%. Figures for the two Uganda 
troops were similar. In one study area the red colobus 
spent 11% of their time feeding on the top-ranking food 
species, 10%, on the second and 46% on the top five. In the 
other they spent 16% of their time on the top species, 14% 
on the second and 50% on the top five. 

The diet of the black and white colobus troops differed 
in two important ways from that of the red colobus. Both 
troops fed almost exclusively on two tree species (Celtis 
durandii Engl. and Markhamia platycalyx (Bak.) Sprague). 
In one area Celtis durandii accounted for 71% of all feed- 
ing records and Markhamia platcalyx for 19%. In the 
other, Celtis durandii accounted for 88% and Markhamia 





Fig. 3 


A female red colobus leaps from one tree to another, 
her infant clinging to her chest. 
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platycalyx for 5%. These species were utilised to a lesser 
extent by the red colobus troops in both areas and the dif- 
ference in feeding behaviour was not a product of reduction 
in the availability of alternative foods to the black and 
white colobus™®. Second, during the first weeks of the 
Uganda study, when few Celtis trees had yet come into 
flower or shoot, the black and white colobus fed largely on 
the mature leaves of Celtis. At the same time, the red 
colobus were feeding on the shoots, flowers and fruit of a 
variety of other food species, but were not observed to 
feed on mature Celtis leaves. Subsequently, many of the 
Celtis trees came into flower and shoot, and the black and 
white colobus switched to feeding on these parts. 

These differences in feeding behaviour may be closely 
related to the differences in distribution and social organisa- 
tion between the two colobus species. Black and white 
colobus may be able to exist on a diet of mature leaves 
when only these are available. This would allow the species 
to colonise areas of dry forest where strongly seasonal rain- 
fall produces a high degree of production synchrony across 
different tree species (so that shoots, flowers and fruit are 
only available at certain times of year). Second, it would 
allow them to exist on the products of a small number of 
tree species throughout the year, since these would provide 
acceptable food in all seasons. Consequently, a small area 
of forest would be able to support animals throughout the 
year. In this situation, small troop size might permit the 
animals to minimise range size and thus to increase their 
ability to defend their food supply efficiently’’“’. It might 
also allow them to minimise the distance which they would 
have to travel each day to collect food (both because the 
total demands of the troop would be less and because they 
would be able to utilise food sources too small for larger 
troops). 

In contrast, red colobus may need to maintain a high 
proportion of shoots, flowers and fruit in their diet through- 
out the year. Consequently, the species may be limited to 
wetter forests where some tree species carry these parts in 
all seasons. Since different tree species will carry acceptable 
foods at different times, the animals would need to maintain 
access to a wide variety of food species. As the distributions 
of most tree species are heavily clumped, a large sized range 
would be necessary in order to provide sufficient supplies of 
acceptable food in all months of the year. A square kilo- 
metre of forest can support a considerable population of 
red colobus. Theoretically, the animals could either aggre- 
gate into a single group or split up into several small groups 
with extensively overlapping ranges. In the red colobus, 
minimisation of group size may be less agvantageous 
because the range size necessary to support even a small 
group throughout the year would be too large to be 
efficiently defended. Aggregation may have a number of 
advantages: the presence of other feeding animals in the 
immediate area may show individuals where to find food", 
while the troop may provide a reservoir of knowledge about 
the distribution of food and of predators in the past“. It 
also may allow the animals to develop a pattern of regular 
use of the different parts of the range which would main- 
tain leaf growth at an acceptable stage and maximise the 
reaction of the tree species to being cropped“. Finally, 
large troop size may enhance the animals’ ability to detect 
and defend themselves against predators. Certainly chim- 
panzees at Gombe were regular predators of red colobus 
(R. Wrangham, personal communication) and several jn- 
stances of cooperative defence by the colobus were observed. 
observed. 

The origins of several other differences between the two 
species are probably linked with thesg differences in, social 
organisation. The contrasting pelage of the black and white 
colobus and the males’ roars may help to demarcate troops’ 
territories (J. F. Oates, quoted in ref. 44). Differences be 
tween the two species’ reactions to intruders are well 
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Fig. 4 Female red colobus feeding on flowers of Com- 
bretum molle. 


adapted to the diference in group size. When disturbed, 
black and white colobus tend to move to thick cover and 
remain silent while red colobus escape noisily and males 
may attack potential predators, including chimpanzees. 
Other differences, such as the absence of obvious sexual 
swellings in the black and white colobus and of infant- 
swapping in the red are lesss easily explained. 

This reconstruction is clearly speculative. Few colobus 
troops were observed and, except at Gombe, they were 
watched only at one time of year. Current studies of the 
two species by T. T. Struhsaker and J. F. Oates may throw 
further light on the problem. But large group and range 
size iş associated with clumped, unstable food supplies in 
several other animal groups. Studies of Presbytis entellus 
and P. senex in Ceylon show that P. entellus, which lives 
in larger troops in larger ranges than P. senex also feeds 
more on fruit and less on mature foliage and utilises a 
wider range of foods. Among East African ungulates, most 
of the plains-dwelling, grazing species, whose food supplies 
tend to be clumped and relatively unpredictable, aggregate 
in large herds which range widely (for example, most of 
the Alcelaphinae). In contrast, most browsing species, 
whose food supplies tend to be more uniformly scattered 
and more stable, occupy small ranges and live either in 
small groups, in pairs or alone (for example, dik-diks, 
duiker and most of the Neotraginae). With some excep- 
tions, the same association between diet and social organi- 
sation is found among European and Asiatic deer. Finally, 
a high proportion of graminivorous bird species feed in 
flocks, whereas relatively few insectivorous species do so” 
The diet of the former is commonly assumed to be more 
heavily clumped than that of the latter“. Within the insecti- 
vores, the aerial feeders (for example, swallows, martins 
and Swifts) whose food supplies tend to be more clumped 
and less predictable, almost all feed in flocks”. 

The colobus study provides one example of the kind of 
ecological differences Which may be associated with inter- 
specific differences in social organisation. In other primate 
species, different factors are likely to be important. But if 
many of them are as subtle as those probably involved in 
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this case, considerable variation is to be expected within 
gross diet and habitat categories. This is not to say that 
high level ecological variation has no effect on social organi- 
sation. Indeed, the examples quoted above suggest that in 
some animal groups there is a relatively close correlation 
between some aspects of social organisation and certain 
types of diet. Whether associations at this level can be 
identified will depend both on the extent of variation with- 
in ecological categories and on the number of species which 
can be compared. Lack*', working with a vast array of bird 
species, was able to demonstrate correlations between 
social organisation and gross dietetic variation despite the 
presence of considerable variation within ecological cate- 
gories. In primates, however, this approach is less likely to 
be useful both because there are relatively few species and 
because there is evidently wide variation within gross 
ecological groupings. 
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Tectonic segmentation of the Andes: 
implications for magmatism and metallogeny 
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The Andean orogen consists of a series of tectonic 
segments separated by transverse boundaries that çeflect 
discontinuities on the underlying subduction zone. The 
characteristics of belts of magmatic rocks and the type, 
age and size of ore deposits in à series of longitudinal 
belts may change at tectonic boundaries. 
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THE central Andes provide a classic example of a volcano- 
plutonic orogen developed along a convergent plate margin}. 
The longitudinal continuity and transverse variability of 
characteristic volcano-plutonic orogens are commonly em- 
phasised*. Althoughel accept that longitudinal continuity is 
dominant in such orogens, I stress here the potential significance 
of a fundamental, longitudinal segmentation of the central 
“Andes and, by analogy, of other comparable orogenic belts 
above subduction zones. 
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In Chile a series of longitudinal, physiographic provinces 
(the Norte Grande, Norte Chico, Central Chile, and Southern 
Chile) has been recognised for many years. Some of the bounda- 
ries between the physiographic provinces must have a seismic 
significance because they coincide with positions at which the 
level of seismicity changes®*. The Norte Grande and Central 
Chile, with longitudinal, fault-bounded valleys, bordered to the 
east. by lines of recent volcanoes?*’?, contrast with the Norte 
Chico from which these features are absent, thereby demon- 
strating that the physiographic provinces also exert a control 
over tectonism and calc-alkaline magmatism. 

Similar, possibly more important, transverse boundaries 
which coincide with major features in the east-central Pacific, 
effectively define the northern and southern limits of the central 
Andes and mark a single, transverse division’. 

A study of intermediate and deep focus earthquakes in the 
Japanese arcs? revealed a series of offsets and changes in strike in 
the deep seismic zone, which is thus effectively divided into a 
number of 100-300 km long segments. These discontinuities 
can be correlated with surface geological features, such as: 
offsets or changes in the strike of the trench axis or of belts of 
voleanoes; and lines of volcanoes, prominent structures or 
topographic changes transverse to the arc®. It is proposed here 
that the well known longitudinal subdivisions of Chile, and the 
boundaries emphasised by Gansser’, are comparable to the 
transverse geological features in Japan and are probably also 
coincident with discontinuities on the underlying deep seismic 
zone. | 

Using the criteria of Carr er al.®, together with additional 
geological evidence, | have subdivided the central Andes into 
tectonic provinces (Fig. 1). 


Definition of tectonic segments 


Boundary 1 (Fig. 1) is known as the Amotape zone’), and 
marks the northern limit of the central Andes*. The overall 
geology changes markedly at this point; to the north, a coastal 
belt of ophiolitic rocks appears*!*, together with a line of 
recent stratovolcanoes associated with a longitudinal graben’. 
The boundary coincides with local transverse strikes? and 
faults'*, aligned with the Gulf of Guayaquil and the Carnegie 
Ridge to the west, and the Amazon depression, perhaps an old 
shield lineament"', to the east. 

Boundary 2 approximately coincides with the Huancabamba 
deflection" at a point where the Andes change their strike from 
north-west to north—north—east. 

Transverse strikes have been noted on boundary 3 (ref. 10), 
which marks the southern limit of the Coastal Cordillera. 

Boundary 4 coincides with the Pisco’ or Abancay’'* 
deflection and has been proposed as a line of division in the 
central Andes. It is marked by a major step in the coastline, 
which indicates the abrupt northward disappearance of the 
Precambrian formations of the Coastal Cordillera!*:**, and by 
the offshore Nazca Ridge, and a shallowing of the Peru—Chile 
trench!®. On the boundary there is a marked northward narrow- 
ing and change in direction of the Eastern Cordillera, and 
north-east-south-west striking formations'®?°. Important 
changes in the Mesozoic palaeogeography have also been 
observed?*, 

_ Boundary 5 is marked by the northern limits of the belt of 
recent volcanoes and the Altiplano—Puna block. : 

Boundary 6 is characterised by a change in Andean strike, 
from north to north-west, and by a northward narrowing of the 
Eastern Cordillera, where it has been termed the Ichilo fault 
zone” or line®®, or the Arica Elbow line™. East of the Andean 
orogen the Precambrian basement is veneered by Cainozoic 

‘sediments to the north of the boundary, whereas to the south, 
Palaeozoic and Cretaceous formations are also present™4. The 




























westward extension of the Arica Elbow line is less apparent b 
has been proposed??? 25, _ wes oe 

Boundary 8 is so positioned because of the coincidence 
sinuous portion of the Peru-Chile trench’? with the incre 
width of the longitudinal valley (Fig. 1), the northern limit 
north-north-east trending Cordillera Domeyko”, a wes 
step in the logitudinal belt of recent volcanoes, and an exte 
of Quaternary volcanoes in an irregular transverse belt ex 
as far as the Eastern Cordillera, especially in Sud 
southernmost Bolivia. e 

Boundary 10, between the Norte Grande and the Norte 
coincides with the approximate southern limits of of 


recent volcanoes, the longitudinal valley and the ele ated 
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Fig.1 The tectonic boundaries proposed for the central Andean 
volđano-plutonic orogen, in relation to certain physiographi 
features. a-d, metallogenic belts: a, iron; 6, copper—(gold 
molybdenum); c, copper~lead-zinc-silver; d, tin-(tungsten 
silver); e, Altiplano~Puna; f, Longitudinal and Central Valle 
x, Location of recent volcanoes; +-+-+-, axis of Peru~Chi 
trench. Heavy dashed lines are the boundaries between th 
tectonic segments; numbered as referred to in the text; a sul 
script 2 denotes a boundary of only secondary importance. 
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Altiplano-Puna block*’ (Fig. 1). To the south there is a distinc- 
tive Cainozoic geomorphological development?**", The bound- 
ary also seems to have controlled the southern limit of wide- 
spread volcanism in the Jurassic, and the northern limit of 
widespread submarine volcanism in the Lower Cretaceous”. 

Boundary 13 marks the junction between Central Chile and 
the Norte Chico. It limits the northernmost extent of the belt 
of recent volcanoes, of the Central Valley—a Palaeogene 
feature’? of the belt of Upper Tertiary andesitic—basaltic 
volcanics, and of widespread Precambrian rocks and Palaeo- 
zoic intrusives in the Coastal Cordillera’®. In Argentina, the 
boundary controls the southernmost extent of the Precordil- 
lera?” and the Sierra de Córdoba. The boundary also lies at 
approximately the same latitude as the Chile fracture zone in 
the east-central Pacific (Fig. 1). 

Boundary 16 is the southern limit of the central Andes! and 
of the Central Valley of Chile (Fig. 1), and lies at the same 
latitude as the spreading Chile Ridge. It also corresponds to the 
southern limit of volcanism in Upper Cretaceous, Eocene, late 
Tertiary and recent time ®, 


Correlations with seismicity 


In order to confirm whether or not the present seismic bound- 
aries in the Andes coincide with the geologically defined 
boundaries suggested here, and in an attempt to recognise 
additional boundaries, a study of the latitudinal distribution 
of intermediate and deep focus earthquakes is necessary. 
Some information on sesmic provinces is, however, available 
and correlates reasonably well with the tectonic segmentation 
proposed here. Gajardo and Lomnitz® defined provinces in 
Chile according to the levels of seismicity measured during a 
16 yr period. Some of their boundaries correspond to boundaries 
6, 8, 10, 14 and 15 (Fig. 1). Stauder"! defined a similar 
series of boundaries between distinct seismic provinces, which 
correspond well to boundaries 6, 9, 10, 14 and 16 (Fig. 1). 
He also postulated that “the lithospheric slab” is apparently 
“segmented into a series of tongues that are absorbed indepen- 
dently”. South of boundary 15 there isa shift of major seis- 
micity to an offshore position®* >, Kelleher?! studied the rupture 
pattern of the shallow part of the seismic zone beneath the 
Andes. He determined that the zone between boundaries | and 
3 (Fig. 1) has been aseismic this century, whereas that between 
boundaries 3 and 5 has experienced large earthquakes, and that 
between boundaries 13 and 16 has ruptured about once each 
century along its entire length. He also recognised the intervals 
between boundaries 5 and 9 and 9 and 13 as distinct seisinic 
provinces. 


Nature of tectonic boundaries 


As favoured by Carr et al.’ for the Japanese arcs, I believe that 
the surface geological discontinuities in the central Andes 
probably correlate with subjacent seismic discontinuities, and 
reflect transverse boundary zones between separate segments of 
oceanic lithosphere which are subducted as individual units, 
perhaps even at different rates. The segmentation of the sub- 
duction zone is presumed to result from stresses created by the 
underthrusting of a cap—like slab of lithosphere, and the pattern 
produced may well be self perpetuating. Transform faults, 
which divide up the oceanic lithosphere into a series of strips, 
may also play a part in the production of the segments. Shield 
lineaments could also be involved at the boundaries at which 
changes in Andean strike are appdrent®, but they probably 
exert only a subsidiary influence. 

The surface manifestations of the tectonic boundaries suggest 
that the magnitudes, and perhaps the histories, of their activity 
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are different. Furthermore, some boundaries (such as No. 13) 
seem to be fairly abrupt, and others (such as No. 10) more 
diffuse. It is not clear whether tectonic boundaries are relatively 
permanent features or whether they tend to migrate slowly or 
jump around with time. The fact that some of the present 
boundaries apparently occupied the same positions in early 
Cainozoic and even Mesozoic times, however, implies some 
degree of stability, or at least of repeated reactivation. 
Although the discontinuities at the surface and on the sub- 
duction zone probably coincide, it does not necessarily mean 
that they are connected by major fault zones. Rather, I believe 
that the crustal segments overlying the various segments of the 
sinking slab have been subjected to similar, but clearly distinct, 
tectonic, geomorphological, magmatic and  metallogenic 
regimes, with zones of transition between them. Consequently, 
the wholesale extrapolation of geological histories along the 
lengths of volcano-plutonic orogens should be avoided. 


Implications for magmatism 


Across the central Andes, post-Triassic cale-alkaline magmas, 
of probable subduction zone origin?) 373 have been emplaced 
episodically upon and within the continental crust as a series 
of discrete pulses*’:**4°, Each magmatic pulse has given rise 
to long, narrow belts of intrusive and extrusive rocks roughly 
parallel to the continental margin. Successive belts young 
eastwards in the western and central parts of the orogen’ 3940, 
as is common in volcano~-plutonic orogens?', whereas little 
lateral migration of magmatism took place in a second locus 
of activity along the eastern margin of the Andes at latitudes 
14°~24°S, 

Radiometric age data®’-'*, together with the mapped 
distribution of the magmatic belts both in the west and centre 
of the orogen and further east, support the concept that the 
belts are not longitudinally continuous. Therefore, magmatism 
in any particular tectonic segment can be expected to possess 
its Own unique episodicity and spatial distribution, replaced 
by similar but clearly distinguishable regimes to the north 
and south. Clear discontinuities in belts of intrusive rocks 
have been recognised at boundaries 2, 3, 4, 5, 6. 7, 8, 10, 13 and 
l4, and volcanism, particularly recent activity, only occurs in 
certain segments at any one time. 

Although magmatism in the North American Cordillera is 
locally episodic, it is essentially continuous if viewed over the 
full extent of the orogen*®. Meso—Cainozoic intrusive epochs 
cannot be correlated throughout the orogen“. This may be 
simply explained if it is accepted that age patterns are only 
valid within individual tectonic segments. 


Implications for metallogeny 


The majority of the principal ore deposits in the central Andes 
have an inherent spatial and temporal relationship with the 
magmatic activity, and they are believed to derive their metal 
contents from the underlying subduction zone., Thus, it 
might be expected that the regional metallogeny varies between 
segments. An examination of the distribution of post-Palaeozoic 
metallogenic belts in the central Andes (Fig. 1, and ref. 46) 
reveals a coastal belt rich in iron, bordered to the east by a 
copper—(gold~molybdenum) belt, a copper—lead—zinc-silver 
belt, and, in the central part of the region, a tin-(tungsten— 
silver) belt. When tectonic boundaries are crossed these 
metallogenic belts tend either to end or to undergo changes 
in their characteristics, including: second-order variations in 
theiremetal contentss changes in their widths; and changes 
in the ages, types and sizes of deposits. The tin belt is restricted 
to three segments enclosed by boundaries 5 and 8 (Fig. 1), 
“and is subdivided into a narrow, northern segment dominated 
by vein-type tin-tungsten deposits related to Mesozoic and 
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early Miocene batholiths, and a broader, southern part in 
which tin and tin~silver deposits of vein and porphyry® types 
are largely related to late Tertiary subvolcanic stocks? 2, 
Contact-metasomatic and vein type iron deposits are located 
in the coastal zone between boundaries 1 and 2, 4 and 6, and 
9 and 12 (refs 30, 53, 54). The copper belt extends north- 
wards from boundary 15 (ref. 53), but loses a good deal of its 
importance north of boundary 4. The polymetallic province 
is particularly enriched in silver north of boundary | (ref. 13), 
but is most important, despite its narrowness, from boundary 2 
to boundary 4. From boundary 4 to boundary 5 the metal 
content is anomalous and lead, zinc and silver are over- 
shadowed by copper and iron (Fig. 1, and ref. 54), and south 
of boundary 8 mineralisation is rather sparse and dominated 
by copper®. Within the copper belt the termination of long 
lines of distinctive ore types is also controlled by tectonic 
boundaries. Examples are the chalcopyrite-magnetite-actino- 
lite veins that are known between boundaries 8 and 12 (ref. 53) 
and the disseminated, stratiform (manto-type) copper deposits 
in Jurassic volcanics from boundary 8 to boundary 10 (ref. 56). 
The porphyry copper deposits in the central Andes decrease 
in age eastwards?" but, in addition, the major deposits change 
in age along the strike, so that Palaeocene deposits are domi- 
nant between boundaries 5 and 6 (refs 40 and 57), late Eocene- 
Oligocene deposits are dominant between boundaries 7 and 10, 
and late Miocene-Pliocene deposits are dominant between 
boundaries 12 and 14 (ref. 58), It is concluded that the definition 
of metallogenic segments is an important facet of the metallo- 
genic characterisation of volcano-plutonic orogens and 
effectively explains the longitudinal variability of their metal- 
logeny. 


Mineral exploration 


importance in the planning of mineral exploration programmes 
since metal contents, ore types and even economie importance 
change at tectonic boundaries, 

Although a conclusive statement cannot be made at present, 
there is evidence from the central Andes that some major ore 
deposits tend to be located on or close to tectonic boundaries; 
the Chuquicamata and Rio Blanco-Disputada porphyry 
copper deposits lie on boundaries 8 and 13, and the Oruro 
and Potosi porphyry tin deposits on boundaries 6 and 7, Hf 
magmas and their related metals are derived from the vicinity 
of the subduction zone, then this possibility seems to be more 
reasonable than the proposal that the locations of major ore 
deposits are controlled by megalineaments and their inter- 
sections (ref. 59 and 60), especially as lineaments in the 
central Andes are commonly at high angles to the tectonic 
boundaries"? and are relatively superficial flaws in the upper 
continental crust. 

Preparation of this article was commenced during tenure of 
a Shell postdoctoral Research Fellowship. Dr E. J. Cobbing 
read the manuscript. 
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The structure of a tRNA has been determined by 
isomorphous replacement. Some of the interactions 
. which maintain the tertiary structure are of a novel 
type. Our model differs significantly from one which has 
~ recently been proposed. 




















TRANSFER RNA plays a central part in protein biosynthe- 
sis. Each molecule carries an amino acid to the ribosome 
and decodes the genetic information in messenger RNA, to 
put the sequence of amino acids in order. Since tRNA was 
first crystallised’ we have looked? for a species which would 
give crystals suitable for high resolution X-ray analysis. 
Two years ago we reported? the results of systematic 
crystallisation studies of yeast phenylalanine tRNA which 
yielded such crystals. Here we report the solution of the 
structure to 3 A resolution using the method of isomor- 
phous replacement. The map obtained is of sufficient 
quality to trace the ribose-phosphate chain over most of its 
_ course, In addition to the base pairs of the clover leaf 
formula (Fig. 1), we have found several interactions which 
help to maintain the tertiary structure. These are additional 
base pairs or triples, mostly not of the Watson-Crick type, 
and also a variety of stacking interactions. Most of these 
interactions can be related to invariant features of the 
nucleotide sequence of tRNA. The model is in accord with 
the chemical reactivities of different tRNAs. 

The tRNA species studied here is the same as that for 
which a model has been recently proposed by a group at 
MIT*. Although the crystal forms are different, the mole- 
cular structure is expected to be the same. The two models 
differ, however, in certain major respects. Most of the 
nucleotide residues are differently placed in the two models, 
and none of the essential tertiary interactions are present 
in the MIT model. 


X-ray analysis 
The unit cell’ is monoclinic, space group P2, with a=56.0 A, 
~6=33.4 A, c=63.0 A and B=90.4°. All the heavy atom 
derivatives were made by soaking the crystals in solutions 
containing various cations or complex ions. The addition of 
almost any heavy atom produced changes in the angle B, but 
this change could be minimised by keeping the crystals in 
= a Stream of air at 4° C (ref. 5). Table 1 lists the heavy 
atoms which gave good isomorphous derivatives, together 
with their occupancies and coordinates. The data were col- 
lected on a diffractometer. No significant deterioration 
(<15% in the intensity of monitored reflections) was 
observed during data collection, so that a single ceystal 
could be used for each derivative. The quality of the crystal 
_data is only moderate compared with that of some proteins 
of similar size. We attribute this nos to intrinsic disorder in 
the crystal, but to the difficulty of handling the thin plate- 













-*Present address : Clayton Biochemical Institute, Department of 
Chemistry, University of Texas, Austin, Texas 78712. 





like crystals which easily crack or buckle. Heavy atom 
refinements were carried out by least squares (Table 1). The 
absolute hand was determined from the anomalous 
scattering of the samarium derivative. The electron density 
map was computed on a | A grid. Sections perpendicular to 
x were assembled at a scale of 2 cm per A in a Richards 
box", and Kendrew skeletal parts were used to build the 
model. 


Electron density map 


As with a protein at the same resolution, the electron den- 
sity map by itself does not suffice to solve the structure, but 
when combined with the nucleotide sequence and the known 
stereochemistry of the residues, it does provide enough 
information for the construction of an atomic model. In a 
protein map the polypeptide backbone is however visible 
as a continuous chain of high density and the side chains 
as bulges, many of which are sufficiently characteristic in 





A, 3! 
Yeast tRNAPhe oj 
A 
5' pG eC 
C . G a.a. stem 
G èe C70 
ara on Oy, a E ch 
e 5A ù U 1 
| Ue A TYC arm | 
| U s Ag t 
D arm | p O) G a caO® mA 
! A 


s. > o 


f (G) 


© G “OSOH 


emery inl e pee 


Fig. I The sequence of yeast tRNA?®°* arranged in the 
clover leaf formula*'. An arm of the clover leaf is made up 
of aedouble helical @em and a single stranded loop. Bases 
which are invariant in all tRNA sequences” are circled: 
semi-invariants, that is, purines or pyrimidines exclusively, 
eare bracketed, Nucleotides which are base paired in the 
tertiary structure are joined by solid lines, and those which 
stack on each other by dashed lines. 
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size and shape to be identified and hence related to the 
amino acid sequence. In contrast, in RNA there are 
essentially only two types of residue, purine and pyrimidine, 
not easily distinguishable from each other, Moreover the 
bases have a total mass similar to the phosphates and 
riboses, and, when base-paired to bridge two pieces of back- 
bone not in a double helical region, they give that part of 
the map more the character of a network than of a domi- 
nant single chain standing out from a lower landscape. The 
situation is further complicated by the presence of numer- 
ous cations, Mg**, Na* or spermine, many hydrated and 
held in fixed positions, In tracing the ribose phosphate 
chain from the electron density map, the most important 
constraint comes from the expectation of finding the four 
double helical stems of the clover leaf formula and the 
necessity of joining them correctly. The electron density 
corresponding to the chain was generally clear in the 
double helical regions. In most areas clearly resolved peaks 
could be seen for each ribose and for each phosphate, 
which could usually be distinguished by their shape and by 
the connectivity of the density: the phosphate groups tend 
to be spherical while ribose density is more disk-like. The 
angles made between the groups are also very characteristic, 
giving a distinct sugar—phosphate stagger which is difficult 
to misinterpret (Fig. 2). Fitting the model in such regions 
fixed the polarity of the chain unambiguously. 

The assignment of the helical stems could be checked 
because in some base pairs the purine can be distinguished 
from the pyrimidine, and wherever a decision can be made, 
the result agrees with the sequence (Fig. 3a). Confirmation 
of the helix assignment comes from chemical work on the 
platinum derivative. Fingerprints of various enzyme digests 
of the tRNA reacted with the platinum compound showed 
that the metal was bound in the fragment 34 to 39, agree- 
ing with the position found for it in the model. . 

In regions of the map which do not contain double heli- 
cal segments, the connectivity and polarity of the chain ts 
more difficult to determine from electron density alone. In 
some places the thermal motion or disorder smears out the 
phosphate or ribose peaks. Here it is important to use con- 
formational information™* obtained from single crystal 
structure analysis of oligonucleotides. In the end we weft 
able to trace the whole chain except for several nucleotides 
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Fig. 2 A composite of four 
electron density map sections at 
x=48-51 A. This includes a 
strand of thy D stem. Most of 
the electron density not identi- 
field belongs to adjacent mole- 
cules or to cations. The heavy 
white lines represent the skele- 
ton of the molecule, R21 lies 
just outside the sections shown, 
P: phosphate group; R: ribose; 
S: probably spermine. The grid 
squares are of side 10 A. This 
region corresponds to part of 
Fig. 4 of the MIT paper‘. 


in the D and TWC loops. These lie close together in one 
corner of the molecule and are also in tight contact with 
the same loops of two other symmetry-related molecules. 
Here the density is strong but broken up and we have not 
been able to arrive at an unambiguous chain tracing. The 
stretches in question are however confined to a small region 
of the map so that, whatever the final details, their struc- 
ture will be constrained within the bounds proposed in our 
model. 


a 





Table! Final heavy atom parameters and refinement statistics to 3A 
Derivative 
Site Z x ) 2 B n triis TADS. F 
fu E 
trans Cl 
(NH,).Pt 1 76.8 0.179 0.0 0.145 24.6 4,411 69.9 40.8 1.72 
Lu?’ | 58.7 0.629 0.147 0.453 17.4 2,090 86.9 59.5 1.46 
2 44.0 0.098 0.089 0.594 23.8 
3 29.4 0.769 0.001 0.548 21.4 
4 16.7 0.825 0.238 0.264 20.8 
Sm** 1 47.7 0.626 0.145 0.454 18.3 4,627 55.4 39.7 1.40 
2 31.7 0.098 0.091 0.594 26.9 
3 9.7 0.768 -0.008 0.554 19.3 
4 9.1 0.828 0.243 0.264 25.5 
Os-ATP 
complex?*“4] 32.7 0.236 0.446 0.974 36,2 4,338 42.9 37.9 1.14 
2 29.1 0.177 -0.001 0.146 14.2 
3 21.6 0.626 0.362 0.735 34.4 
Pt + Lu Pt! 62.8 0.180 0.0 0.146 25.5 4,184 80.0 43.5 1.84 
Lul 41.3 0.629 0.144 0.453 15.6 
2 32.5 0.099 0.090 0.595 24.8 
3 26.2 0.771 -0.005 0.548 35.9 


Z is the occupancy. B is the isotropic temperature factor. n is the 
number of reflections used in the refinement. fu is the calculated 
heavy atom contribution to the structure factor, E is the closure error, 
| F\, (observed) — Fy, (calculated) | . P is the phasing power, the ratio 
of the two previous columns. The Os derivative was refined in three 
shell# because of changing occupancy; the Z quoted is the mean. 
The mean figure of merit for 4,838 reflections = 0.67. The mean 
standard deviationin | F | of the reflections measured more than once 
during data collection was 6% of the mean | F | for the native 
crystal, and somewhat higher for the derivatives. Structure factors 
and intensities were calculated using hand-measured coordinates of 
residues 1-17, 21-54 and 58-76. The classical R-factor on | F |s is 
0.468 ana the correlation coefficient between calculated and observed 

intensities is 0.567, 


$48 


Since we were not always able to distinguish purines from 
pyrimidines even within helical regions, the sequence data 
were initially of little help in solving the atomic structure, 
but as the helical regions and sequence numbering became 
established, features of density corresponding to the bases 
became interpretable. For example, the electron density at 
base position 26 was of a shape consistent with a twice 


Fig. 3 Parts of skew slices of the electron density map 
showing the density distribution in the planes of certain base 
Pairs or base triples. Each slice comprises two sections 1 A 
apart (full and dotted contours), The superposed skeleton is 
taken from the coordinates of the unrefined model. The 
ribose groups generally lie out of the planes of the secti8ns. 
a, A Watson-Crick base pair from the TYC stem. Additional 
peaks can be seen in the neighbourhood of non-bonded polar 
groups, probably water molecules or cations, b. The unusual 
base pair G15-C48 with the glycosyl bonds in the srans 
Position. The peak above the amino group of C48 may be a 
cation or water molecule. c, A base triple from the aug- 
mented D helix, 13-22-46, 
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methylated G, and so provided a valuable marker in the 
model building. Also, the shape of the electron density for 
the GIS base (Fig. 3b) gave us confidence that the base pair 
15-48 was of the unorthodox type to be discussed below. 

Some features of the cation distribution also began to 
emerge. An interesting example is an ion found chelated 
between the amino groups of G25 and G45 and the oxygens 
of phosphates 23 and 24. This may be one of the tightly 
bound magnesium ions which seem to be an integral part 
of the native structure’, 


Molecular structure and tertiary interactions 
Figures 4 and 5 are photographs of the molecular model. 
The anticodon is at the upper right, the amino acid stem at 
the upper left, with the TYC loop in the bottom left 
corner. The relative arrangement of the double helical 
Segments is indicated schematically in Fig. 6 which also 
shows the topology of the connections made in the tertiary 
structure, (These tertiary interactions are also indicated in 
Fig. 1.) All but seven of the bases are represented in the 
diagram. Base pairs additional to those in the stems are 
shown as dotted lines. As might be expected'’, they are 
protected from water by stacking or intercalation. The 
stacking and intercalation of unpaired bases is also indi- 
cated. The region shown dashed is the TYC loop—D loop 
corner where we have not been able to determine the 
Structure unambiguously. 

The amino acid stem is stacked on the TYC stem in such 
a way that a long double helix of 12 base pairs is formed 
in which one of the ribose phosphate chains (72-61) is not 
interrupted. In the companion strand there is a break 
between nucleotides 7 and 49, though this does not seem 
to disturb the overall perfection of the long double helix. 
But the sharp turn made at the 50-49-48 corner involves the 
close approach of phosphates (~5 A), and the details are 
subject to revision at higher resolution. The G-U base pair 
4-69 also seems to be made without any major disturbance 
to the helix, at least at this resolution. The long double 
helix is right handed, has its bases tilted to the axis, and the 
axial distance between residues 61 and 72 is 30 A so that 
the repeat per residue along the helix axis is 2.8 A. The 
helix is therefore of the A form. At one end of the helix 
are stacked the unpaired bases A73 and C74. and at the 
other end, T54 which is also paired to another base in the 
TYC loop. 

In contrast to the amino acid and TYC stems. the D 
stem and the anticodon stems are only approximately 
collinear, lying 20° from each other. The two together, with 
nucleotide 26 in between, form a long imperfect double 
helix which lies roughly at right angles to the first long 
helix, and meets it at its middle, so that the two are 
arranged rather as the letter T. 

The D stem is guyed at the T join to the long double 
helix by part of the variable loop (residues 44-48) and by 
the stretch 8-9 which connects one strand of the amino acid 
stem to one Strand of the D stem. This stretch. which 
is two nucleotides long in all tRNAs, is fully extended in 
the model, allowing it to span the length of the D stem. 
A9 makes a base pair, of the type found in poly(A)", with 
A23, which is paired to U12 in the D stem, so that all three 
together form a base triple. A base pair of the reverse Hoog- 
steen type” is formed between U8 and A14, both of which 
ure invariant nucleotides. U8 is then stacked on C13 and in 
the right orientation to allow the photoreaction observed by 
Yaniv’. On the pair 8-14 is stacked an unusual base pair 
formed between G15 of the D loop and C48 of the extra 
loop (Fig. 3b). These two bases form the correlated pair 
noticel by Levitt’ afd might have been expected to form 
a Watson-Crick pair. We discuss this question below. 

e Thus the D stem has been augmented along its length by 
the non-standard base pairs 8-14 and 15-48. On the end of 
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this again there is stacked a single base for which there is 
strong density coming up from the TYC loop. This is 
either U59 or A58 depending on the resolution of the 
ambiguity discussed below. This base seems to mediate the 
abutting of the augmented D stem on to the long double 
helix formed by the amino acid and TYC stems, by fitting 
into the large groove and acting as a sort of peg to help 
hold the two perpendicular helices together. Apart from 
the connection 15-48, the D arm is also connected to the 
extra arm at a further point: G46 is base paired to G22, 
so that there is a second base triple 46-22-13 (Fig. 3c) in 
the structure. At the other end of the D stem is stacked 
the unpaired base G26, so that finally the augmented D 
helix contains a stack eight base spacings long. The trans- 
lation per residue is about 3 A so that this helix is closer 
to the A’ form of RNA”. 

Continuing around the D loop, nucleotides D16 and D17 
arch outwards from the body of the molecule. The in- 
variant pair of residues GI8 and G19 come into close 
contact with the TYC loop in a manner to be described, 
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whereas G20, which is variable, comes up again close to 
the other variable nucleotides 16 and 17 and points out- 
wards. The exposed position of these three residues is con- 
sistent with their chemical reactivity“. A21, which is in- 
variant, stacks and intercalates between the base pairs 
13-22 and 15-48. It lies in the plane of the base pair 
8-14 but the density does not seem to permit another base 
triple here, tantalisingly close as it is. Possibly A21 forms 
a hydrogen bond with the ribose of 8. It may be that in 
other species of tRNA this would be a base triple formed 
by the three invariant bases, 8, 14 and 21. 

The axis of the anticodon stem is not only tilted by about 
20° to the D stem, but is also dislocated by about 5 A from 
the line of the D stem. Thus the bases A44 and G45 are 
stacked on the last base pair 27-43 of the anticodon stem, 
but lie below the right hand end of the augmented D 
helix, with G26 partially intercalating between them. All 
tRNAs have a single unpaired base in position 26 and the 
ure suggests that this feature iS associated with the 
of the anticodon stem relative to the D helix. In 
the structure here presents the appearance of a hinge, 
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with the base of 26 lying in the bearing formed by 44 3 
45. A result of the tilt is that the major groove of th 
imperfect double helical segment formed by the anticoc 
and D stems is now some 5 A narrower than for the mor 
perfect double helix formed by the amino acid and T 
stems. pi X 
The anticodon loop itself is stacked on the 3’ side roug 
in the manner suggested by Fuller and Hodgson’. 1 
density is weak in this region so we cannot be confiden 
the position of the bases but it seems that base 
inwards, 37 more outwards and finally the three bases of th 
anticodon protrude outwards from a quasihelical backbec 
Here OXY of ribose 35 comes close to Ol o S 
suggesting a hydrogen bond, and there is a sin 
between 36 and 37. We can see no special struct 
for the Y base 37. On the 5’ side of the loop the 
and 33 are also stacked but seem to face inward 
than outwards’. This is made possible by kinks in the ba 
bone at the two residues 32 and 34 methylated in. th 
position. aes 





Fig. 4 A photograph of 
model taken in a direc 
roughly perpendicular | 
plane of the T made | 
two long double helica 
ments (see Fig, 6). T 
metrical shape of th 
somewhat obscured - 
chains of the TYC and ¢ 

loops. | 


We have not been able to make an unambiguous tracin 
of the chain in the TYC loop region, but there are some- 
features of which we are reasonably certain. T54 is paired — 
to another base in the same loop, a base from this loop _ 
stacks on the end of the augmented double helix and G57 
lies close to G18 and G19 of the D loop. We have found __ 
two alternative configurations, both of which are. stereo-. - 
chemically acceptable. In the first version, T54 is Hoogsteen 
paired with A58, U59 stacks on G15, G57 intercalates _ 
between the bases of G18 and G19, and C56 is close enough - 
to G18 or G19 to form a base pair. In the second version, the 
base which pairs with T54 is C60 and that which stacks -on 
the augmented D helix is A58. The three bases G18, G19 ans 
G57 still form a stack, but the order is now 18-19-57 rather. 
thane 18-57-19. This stacking proposed for the three in i 
variant Gs is a novel and certainly unexpected terti 
interaction, but it remains to be proved correct. In- 
versions G20 is in the accessible part of the D loop,- 
neighbourhood of D16 and D17. ; 

At the 3’ end, A73 and C74 are stacked on the end o 
the amino acid stem but the final ACCA stretch swings 


550 


across the unit cell and packs between the anticodon stems 
of two other symmetry related molecules. These latter stems 
are 33 A apart in the y direction and the gap is nicely filled 
by this ACCA chain from the first molecule. 


Relation to the MIT model 


The relationship between the monoclinic form and the 
orthorhombic form studied‘ at MIT is a, b, c (MRC) > b, 
—a, c (MIT). In view of the similarity of X-ray intensities" 
the contents of half the orthorhombic unit cell should 
superpose on the whole monoclinic cell when aligned on the 
common 2, axes. We have found the relative translation 
from the lanthanide positions common to the two crystals, 
and the map sections published by the MIT group’ are 
generally similar to the corresponding sections in our map, 
but there are everywhere significant differences in detail 
and major differences in interpretation. 

The overall shape of our model is similar to that proposed 
by the MIT group and we seem to agree about the relative 
positions of the anticodon, amino acid and TYC stems, but 
there is complete disagreement about the orientation of the 
central D stem. This difference means that almost all the 
connections to the remainder of the molecule must be 
radically different in the two models. We have been able 
to define a number of tertiary interactions in the molecular 
centre holding it rigid, whereas the only tertiary interaction 
proposed in the MIT model is that between the correlated 
base pair 15-48 which is, by implication, of the Watson- 
Crick type, contrary to our findings. In our model the D 
helix lies approximately normal to the TYC stem, that is. 
parallel to the long c axis, and the base pairs lie in planes 
roughly perpendicular to c (Fig. 4). The density correspond- 
ing to the bases is quite unequivocal in this respect. But in 





the MIT model the direction of the D stem is roughly 
perpendicular to c, as can be seen in the MIT rig. 2 and 
from the disposition of the base pair 13-22 in their Fig. 4. 
Likewise the connecting sequence 8 and 9 runs horizontally 
in Our model and more or less vertically in the MIT model. 

Comparing our Fig. 4 with the corresponding area in Fig. 
4 of the MIT paper, one sees that the only assignment here 
common to the two models is ribose 61. The MIT model has 
the base pair 13-22 placed in a way quite inconsistent with 
our density map and in effect forces a connection between 
residues 15 and 23. The assignment of the nucleotide 
sequence on the D stem is thus incorrect by two residues on 
one strand and by one on the other. We note that the other 
double helical stems have also not been fitted correctly in 
the MIT model”. Thus, the MIT workers have placed 
R26 (their Fig. 3) where we have R27, so that the phase 
of the nucleotide sequence is incotrect and the base pair 
42-28 is wrongly fitted to the density. This means that 
the tilt of all the bases in the anticodon helix must be 
wrong. Likewise we find that in the TyC helical stem 
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(MIT Fig. 5) the sugar-phosphate stagger and the bases 
have not been fitted correctly to the density. It is presum- 
ably these misfittings which have led the MIT workers to 
State’ that the double helices in the stems are not regular 
and cannot be assigned to one of the standard classes. We 
find helices which are regular at the resolution of the map. 

There seem to be many other differences between the two 
Structures, though they mostly involve the loop regions, 
where the MIT chain tracing is presented as tentative. Thus. 
in the MIT model the large Y base 37 extends across the 
major groove between the anticodon and D double helices 
to touch a phosphate on the D stem, whereas we have 
found the Y base positioned inside the anticodon loop. The 
Structure of the anticodon loop is not described in the MIT 
paper, but from the picture of their model it is clearly not 
the ordered structure which we have built. Likewise, the 
interactions formed by the extra loop in our model do not 
seem to be made in the MIT model, and no others are 
described. In the MIT model, many of the bases in the TYC 
loop and the distal part of the D loop seem to be exposed, 
whereas in our model, despite the ambiguity mentioned 
earlier, they are stacked or otherwise not accessible to 
chemical attack, as is observed", 


Conclusions 

The molecule can be described as consisting of three 
major substructures (Fig. 6). These are: (1) the long double 
helix formed by the amino acid and TYC stems stacking on 
top of each other; (2) the augmented D helix, forming the 
“thorax” of the molecule: this consists of the D stem 
augmented by part of its own loop and interlocked with 
both the stretch 8-9 and with part of the extra loop: (3) 
the anticodon stem, tilted off by about 20° at the other end 


Fig. 5 A  stereophoto- 
graph of a Kendrew 
skeletal model (2 cm per 
A) of yeast tRNAPt 
built to fit the 3 A map. 
The amino acid stem is 
at the upper left. and the 
anticodon at upper right. 
The TYC loop and distal 
part of the D loop are at 
the bottom left. The 
model is viewed approx- 
imately in the +x direc- 
tion with +z running 
approximately from right 
to left. The whole CCA 
end at upper left is not in 
the frame of the photo- 
graph, 


of the D stem and possibly hinged to it. These three main 
helical directions correspond well to the three largest peaks 
in Levitt’s search of the X-ray intensities of the native 
crystal”: (1) corresponds to the peak at (—60°, —35°), 
(2) to (— 15°, 0°), and (3) to (—35°, 0°), where the first 
value gives the rotation angle about a, and the second about 
b. The angle between (1) and (2) is then 103°, 

To these substructures are adjoined other parts with clear 
functional rôles: (4) the ACCA sequence, at one end of 
(1), to carry the amino acid: (5) at the other end, the almost 
invariant TYC loop tightly folded and connected to the two 
invariant Gs 18 and 19 of the D loop, probably forming a 
ribosomal recognition site common to all tRNAs. The most 
variable nucleotides in the D loop, 16, 17 and 20, form (6) 
a patch flanking the augmented D helix (on the far side in 
Fig. 5); this may be gn enzyme discrimination site, different 
for different tRNAs. There is also the region (7), on the 
other side of the D helix here consisting of a few variable 
Bases; this can be assigned to the large extra arm which is 
present in other classes of tRNA, presumably for discrimi- 





Nature Vol. 250 August 16 1974 


nation. Finally there is (8), the anticodon loop carrying the 
anticodon itself. This loop is stacked on the 3’ side of the 
anticodon stem, but it has been suggested to us by Dr 
F. H. C. Crick that, if indeed the join between the anti- 
codon stem and the augmented D helix functions as a hinge, 
then the conformation of the loop might possibly alter 
during protein synthesis, in the manner proposed by Woese”. 

The unusual base pair 15-48 requires some discussion. 
Levitt noticed that 15 is always either G or A with 48 
respectively C or U. There is only one exception” to this 
rule so far observed, in glycine tRNA where the bases are 
A and C. It is at first sight rather surprising that the 
nucleotides in these positions do not form a standard base 
pair. But if they did, one might expect the purine and 
pyrimidine to be exchanged between the two positions in 
some tRNAs. The fact is that the purine is always in 
position 15 and the pyrimidine always in 48. This speaks 
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Fig. 6 A schematic diagram of the tertiary structure of 
yeast tRNAP*, The ribose~phosphate backbone is repre- 
sented by a continuous line, except where there is ambiguity 
when it is shown dashed, Base pairs in the double helical 
stems are represented by long light lines, and non-paired 
bases by shorter lines. Many of the latter stack as indicated: 
those which do not are drawn at an angle, for example 
i6. 17 and 47. Base pairs additional to those in the clover 
leaf formula are indicated by dotted Hines, The region 
marked f is explained in the text. 


for an asymmetry in the bonding between the two chains, 
such as we have described. It is not possible to interchange 
the purine and pyrimidine and maintain the same disposi- 
tion of the glycosyl bonds. Moreover, a ‘reverse Watson- 
Crick’ A-U pair can be accommodated here with almost 
the same trans arrangement of glycosyl bonds. It would 
seem that this nonsymmetrical pair of glycosyl bonds is 
required by the particular demand of connecting two 
locally parallel chains not related by any kind of dyad. 
Models of all ten combinations of base pairs in which the 
glycosyl bonds are trans to each other show that the two 
pairs G-C and A-U are the most similar, distinct from 
all the other possibilities. 

We believe that our model can accommodate all tRNA 
sequences of the class 1 type’, and that many of its 
features will be retained in the other two classes. Clas$ 1} 
has four bases in the D stem and five nucleotides in the extra 
loop, and all sequences can be fitted into the model with- 
out rearrangement. Most sequences have C13, G22 and 
G46 and hence can make the base triple 13-22-46. One of 
the remaining species has U13~-A22, but 46 is now an A, and 
this combination can form a base triple with the three 
glycosyl bonds in the same positions. We thus have another 


























































example of a set of correlated base changes. Most clas 
sequences also have U12, A23 and A9 and can make 
second triple base described above. There is a sube 
which has G12, C23 and G9, but G9 can make only 
hydrogen bond to C23, unless there is a ‘different tautom 
form or adopts a syn conformation. There is alway 
possibility of a third triple interaction using: the mar 
U8-A14-A21 as mentioned above. 

We should like to emphasise that the model ` is. à 
accord with the results of a companion study of the-cl 
reactivity of yeast tRNA?”™ as already reported 
The model is stereochemically sound within the 
limits of building with skeletal wire compon 
now being refined. Data to higher resolution are 
collected. a 
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A model of the magnetospheric substorm 


Iv is generally recognised that the Earth's magnetic tail and the 
plasma sheet play a vital role in the processes responsible for 
the observational phenomenon known as the magnetospheric 
substorm. Many different models’ of substorm behaviour 
have been described with differing degrees of success, and to 
propose another requires some justification. A new model, if it 
is to be useful, must do two things. It must be specific enough 
to make quantitative theoretical analysis possible, and it must 
fit the morphological features more completely or in a more 
elegant way than other models. In addition, it should be 
distinctive enough from other models to be separated from them 
by observational tests. I believe the model presented here has 
those properties. 

The main features of the model are that the plasma sheet is 
formed on closed field lines and moves inward during the 
growth phase; the magnetic field line reconnection across the 
neutral sheet occurs on the lobe field lines, is essentially con- 
tinuous but is not directly responsible for the expansion phase; 
and the expansion phase is the result of an interchange type of 
instability with the plasma sheet expanding on to empty, closed 
field lines. 

The two principal regions in the tail—the plasma sheet and 
the lobes of the tail connected to the polar caps—are easily 
distinguished by their particle populations. The plasma sheet is 
denser and hotter than the lobe plasma’ and its energy density 
is of the same order as its magnetic energy density. The boundary 
between the two is normally not more than | R, thick™”. One 
possible reason for the well defined boundary is that there is a 
source mechanism which only injects particles on plasma sheet 
field lines®. Alternatively, lobe field lines can be open allowing 
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Fig. 1 a Basic configuration of the magnetosphere; b, the groWth 
phase of the substorm, showing inward convection and reconnec- 
tion; c, the expansion phase, caused by an interchange instability 
at the outer boundary of the plasma sheet: d, the recovery phase 
during which the turbulent plasma gradfially thermalises. Arrows 
indicate plasma flow and the field strength in the lobes is not 
intended to be represented by the density of field lines; E, electric 
field, directed perpendicular to the plane of the page. 
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plasma to escape down the tail, with the plasma sheet trapped 
on closed field lines®. I shall discuss the consequences of the 
latter. 

A convenient starting point for the model substorm sequence 
is illustrated in Fig. la. The plasma sheet occupies all the closed 
field lines and at its end there is a neutral sheet which extends 
out of the plane of the paper on both sides. Suppose that the 
plasma flows towards the neutral sheet under the influence of 
an electric field (Fig. 1b). The open magnetic field lines of the 
tail would be reconnected at the neutral sheet at a steady rate. 
On the Earthward side of the neutral sheet the electric field 
would convect the plasma inward and accelerate the particles”. 
On the far side of the neutral sheet the plasma would be 
accelerated away from the Earth and gets lost down the tail. 
The important feature is that lobe field lines thus become recon- 
nected and form closed field lines outside the plasma sheet 
(Fig. 16). The plasma sheet, which contains relatively hot, dense 
plasma, becomes surrounded by closed field lines almost devoid 
of plasma in comparison. The magnetic field strength outside 
the plasma sheet would have to be stronger than inside in order 
to maintain a pressure balance across the boundary. The inward 
convection would continue (forming the growth phase of the 
substorm) until the plasma sheet boundary became unstable to 
a form of interchange instability. As a result the plasma would 
expand outwards to fill all the closed ex-lobe field lines and the 
magnetic field strength inside the plasma sheet would increase 
by a compressional wave propagating inwards from the position 
of the boundary. This, of course, is the expansion phase of the 
substorm (Fig. Ic). It leaves a region of turbulent plasma which 
would eventually thermalise during the recovery phase (Fig. Id), 
returning the plasma to the starting point. The inward convec- 
tion would continue during the recovery phase and may generate 
another substorm before the original sequence is complete. 

The most important magnetospheric feature in this model is 
the outer boundary of the plasma sheet which initially convects 
inward stably and later becomes grossly unstable. There are 
plausible reasons why this should occur. If the model is to make 
any observational sense the quiet auroral arcs of the growth 
phase must connect to this boundary. Thus, there is high con- 
ductivity strip through the ionosphere on the field lines that 
pass through the boundary. That helps to stabilise the boundary 
by short circuiting the electric field of the developing instability. 
The expansion phase is triggered by the current, which is aligned 
with the field, becoming too large for the plasma to carry Ina 
stable manner!!. 

The outer boundary of the plasma sheet is likely to have a 
complex structure during any magnetospheric convection. The 
convective velocity, V = — (E< By B?, normal to the boundary 
must be continuous: therefore, because B changes, there must 
also be a change in the electric field as the boundary is crossed. 
The simple fluid concept of convective flow is quite inadequate 
to analyse that situation. It is necessary to take into account the 
three-dimensional nature of the boundary, currents aligned with 
the field, and the possibility of electric fields parallel to the 
magnetic field. It is thus not yet possible to project the electric 
field discontinuity at the boundary of the plasma sheet in the 
equatorial region down the field lines to the ionosphere to see 
whether it matches theelectric field reversal region observed by 
low altitude satellites'®. A detailed theoretical analysis of the 
boundary is of crucial importance. 

The source of the electric field must be considered. The field— 
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line reconnection takes place on lobe field lines and so the 
following equation, derived by Alfven!®- on the basis of self 
consistency between fields and currents, should be at least 
approximately true. It relates the total electric potential $ across 
the tail, to the field strength B, and particle density N. 


d= B/daNe 


Thus the crosstail electric field is determined by the field strgthen, 
B,, in the tail, B, is controlled by the total magnetic flux in the 
tail and the configuration of the magnetopause’. There should 
be a direct relationship between energy input to the magneto- 
sphere in the form of substorm activity and the magnetic field 
strength in the tail?*. 

The model obviously satisfies many of the gross morpho- 
logical features of the magnetospheric substorm. The inward 
movement of the plasma sheet and the motion of quiet auroral 
arcs towards the equator are natural features. The outward 
movement of the plasma sheet and the inward magnetic field 
compression wave during the substorm expansion phase are 
directly related through the interchange nature of the instability. 
The poleward expansion of the aurora during breakup is also 
explained. It can easily accommodate such features as a multiple 
substorm onset!’ because the boundary could become unstable 
over a range of longitudes. There is one auroral feature which 
does not seem to fit easily into the model—the multiple arc 
system. It has been reported!” that the most vigorous breakups 
occur when they are initiated on the arc nearest to the equator, 
and not on that furthest from the equator, as may be expected 
in the model. 

There is one morphological feature of this model which 
differentiates it from most other models!*. If the model is 
correct it should be passible to cross the neutral sheet, or the 
region where the magnetic field along the tail changes sign, 
without detecting the plasma sheet before the onset of a sub- 
storm. 
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Lunar electrical conductivity 


THe lunar magnetometer experiment! has made important 
contributions to studies of the lunar interior, The magnetic 
fluctuation data can be used to estimate the structure of lunar 
electrical conductivity because it allows comparisons of pre-e 
dicted and observed lunar electromagnetic responses. There < 
are many complications in the correct computation of pre- 
dicted responses, and approximations are always used. There. 
has been a gradual evolution of models, each improvement... 
including more and more complications, with resultant changes” 
in the estimated conductivities. The first models? had a solar 0 
wind incident on the Moon from all sides, in order to approxi-. 
mate the front side lunar response. The backside data-was =o 
modelled by a Moon in a vacuum’. Improvements in the front o 
side response were made by incorporating the effects of a> < — — 
finite solar wind velocity®. Previous calculations on a cylindrical pi 
model! indicated that the presence of the void region behind ~ 
the Moon could also modify the sunlit side response. Formal — 
solutions to the electromagnetic problem in such a gscinetty | 
have been presented’. a. 

We have carried out numerical inversions of the Junar 
electromagnetic response, incorporating in the calculati ons 
a void region behind the Moon. We used two different numeri- 
cal methods. They both gave similar results, although one. 
method is definitely superior in its ability to satisfy the boundary 
conditions near the limb of the void region. This method 
consists of using a series of electric and magnetic multipoles, 
situated at the centre of the Moon, in order to express the 
field in the void region, which is caused by currents and charges 
inside the Moon and on its sunlit surface. By using dual 
Fourier-Bessel series®, we can associate to each multipole a 
series of spherical TE and TM modes that satisfy the boundary 
conditions on the surface of the cylinder, The amplitude of 
each multipole is then determined by applying the boundary 
conditions on the Junar surface. 

The inclusion of the void region behind the Moon sub- 
stantially lessens the predicted lunar response on the sunlit 
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Fig. 1 The theoretical amplitude of the transfer function 
obtained by considering the void region behind the moon (x), 
and that obtained oe oo the void to be filled with plasma 








e 
side, especially at shorter periods (Fig. 1). This effect occurs. 
because some of the internal field is escaping out into the. 
void region. In order to build up the response again, conduc 
tivities are required near the surface. Figure 2 shows a mode 
which gives a good fit to the observed amplification on the . 
front side and which also agrees well with the backside 
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Fig. 2 Amplitude of the transfer function of an 8 layer model, 
calculated by including the void region behind the moon. 


response’. There is a remarkable similarity between the conduc- 
tivity values in the top 200 km of the Moon and those in the 
Earth’s crust®. The temperature and pressure conditions in 
these regions of the Moon are probably quite similar to terres- 
trial crustal conditions, but in the Earth’s crust the conduc- 
tivity is probably associated with the presence of free water 
in the rocks. This possibility seems most unlikely for the 
Moon. A water-saturated lunar model, in fact, does not give 
a good fit to the electromagnetic response data, as it does 
not provide the increase conductivity-depth relationship that 
is needed because of the decrease of porosity with pressure. 
If free water is not present, then a semiconduction type of 
mechanism is required in order to explain the degree of con- 
ductivity observed at low temperatures. 

In order to examine this more closely, various models of 
lunar temperature were assumed, and the electromagnetic 
response data were inverted to find the parameter of a semi- 
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Fig. 3 Model of the temperature distribution inside the moon. 
a, Solidus (anhydrous basalt); b, uranium concentration = 
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conductor characterised by a conductivity prefactor, Ge, and 
activation energy, Ey. The temperature models used are those 
of Toksöz et al” (Fig. 3). A very good fit to the data was 
obtained using this two-parameter model (Fig. 4). The para- 
meters were not very sensitive to the temperature models 
(Table 1). 

ERIE ER Se ORE E ENA eT Ce CER EEA RENT eR 

Table 1 Parameters of lunar semiconductor model 








High temperature model Low temperature model 
ogmho m7 2.) x 1073 IF 
EaeV 0.13 0.14 


TAAA a AAA nA RAA 


This low activation energy results from the fact that the 
electromagnetic data can accommodate only a moderate 
increase in conductivity at depths characterised by a sharp 
thermal gradient. Figure 5 shows a comparison of the conduc- 
tivity values with laboratory measurements of terrestrial and 
lunar rocks. Low activation energy conduction has been 
observed in lunar rocks but the conductivity level is much 
lower than that inferred for the Moon’. These experiments 
were, however, plagued by thermal hysteresis. This was sub- 
sequently attributed to the experimental procedure!!. We are 
not yet able to draw definite conclusions on the lunar composi- 
tion. 
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Fig. 4 Amplitude of the transfer function of a semiconductor 
lunar model which satisfies the high temperature curve in Fig. 3. 
The model values, x, agree with the data, A, except at 0.04 Hz 


There is very little resolution in the present electromagnetic 
data for the electrical properties at depths greater than 700 km, 
and, therefore, another conduction mechanism cannot be 
identified. The shallower conductivity parameters were so 
insensitive to the temperature model variations, that tempera- 
ture inferences could not be made from these results. 

The model results were calculated by assuming the lunar 
surface magnetometer to be at the subsolar point, and the 
source field to propagate parallel to the downstream cylindrical 
cavity. The magnetic amplification depends, however, on 
detailed considerations of the location of the sensor relative 
to the subsolar point, and on the orientation of the magnetic 
figid of the solar wind. Moreover, the data are sensitive to 
certain parameters of the solar wind. The results shown in 
Table 1 and Fig. 5 were computed using a solar wind velocity 
of 300 km s~. If 400 km s~ is used, the conductivity para- 
meters increase by 50% in Ga, and by 25° in E. In this case 
the conductivity value of 10-4 Q~! m~ is not reached until a 
depth of 150 km. The fluctuation of plasma pressure of the solar 


evind, which accompanies the magnetic fluctuations, is another 


parameter that can influence the results. An empirical correc- 
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Fig.5 Logo against 10-* T~ for a semiconductor lunar model 
with the high (H), and low (L) temperature distribution shown 
in Fig. 3. Also shown are the laboratory data for a, terrestrial 
olivine sample (10.4 ° fayalite); b, lunar basalt sample 10024.22.). 


tion for the interaction of the plasma with the remanent field 
at the Apollo 12 site has already been applied to the data? 
and the resulting set of data agrees fairly well with that ob- 
tained at the Apollo 15 site'®. We have not included in our 
calculation the possible effect that these fluctuations might 
have on the diamagnetic signature usually observed in the down- 
stream cylindrical cavity. We do not know to what extent 
these parameters can be reconstructed from the original 
observations. 

These factors render our conclusion somewhat tentative 
but we believe, nevertheless, that the results suggest rather 
strongly that a conduction mechanism with a low activation 
energy plays an important role in determining the conductivity 
at shallow and moderate depths inside the Moon. 

We are indebted to Colbert Reisz and Don Paul for advice 
and encouragement in this study. This work was supported 
by a NASA grant. 
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Tungus event was not caused by a black hole : - : 


Jackson and Ryan’ suggested that a black hole may have oe 
caused the Tunguska catastrophe in 1908, in which an ex- = o. 
plosion occurred in a remote part of Siberia. About 10%. OPE e $ 
(equivalent to 2 Mton of TNT) of energy was releas 








extremely unlikely. 

The explosion blew down trees in open places with 
radius of 30-40 km and seared them within a radius of ~~ 
15-18 km. The exposed roots were directed towards the 
centre of the area”. In ravines, partially protected trees re- 
mained standing, but many had had their tops broken. 

These and other characteristics of the event indicated — 
that the main part of the energy went into an explosion in 
the air. By contrast, a typical, solid nickel-iron meteorite 
first buries itself below the surface and then dissipates its 
energy in a subsurface explosion. The Barringer crater in 
Arizona, which is 200 m deep, and 1 km in diameter, was 
produced in this way. No significant excavation was caused 
by the Tunguska explosion. E 

It has been suggested that the event was caused by the ` 
impact of a small cometary nucleus, consisting of a mass 
of frozen gases mixed in with nickel-iron and silicate 
particles *. The whole body would then have had a low 
degree of cohesion, so that it would have fragmented in the 
air and disipated most of its kinetic energy before it reached 
the surface. 

The air blast could also have resulted from the impact 
of a small black hole with a diameter of the order of 
angstroms and an asteroidal mass. The black hole would, 
however, have passed through the Earth in 10-15 min and 
caused a similar explosion at the point of exit, which would 
have occurred in the North Atlantic between 30°-40° W 
and 40°-50° N (ref. 1). 

Microbarographs in the London and Cambridge areas 
recorded infrasound from the explosion’. The waves arrived 
at the centroid of the stations—51°30 N, 0°2°W-—at ap- 
proximately 0515 ur, on June 30, 1908. The impact itself 
occurred at 60°55’N, 101°57’E at approximately at 0017 UT 
(ref. 2). The approximate great circle distance from the 
point of impact to the centroid of the stations is 5,720 km, 
so the average speed of the waves was about 320 m s”, 
which is about the usual value for this type of wave. 

It is clear that the recorded waves were travelling from 
Siberia, and not from the North Atlantic, because the 
microbarograph at Cambridge recorded the wave 10 min or 
so before the time that it was recorded at Petersfield. Infra- 
sonic waves from the site of the suggested exit explosion 
should howver, have arrived in the London area between 
about 0215 ur and 0330 ur—about three hours before the 
arrival of the Siberian wave—assuming that any waves from 
either source travelled with the same velocity. We have 
examined copies of the English microbarograph records, _ 
but have been unable to find any sign of waves from the 
suggested exit explosion. 

In the London area, the maximum recorded amplitude 
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of the Siberian waves was about 150 ubar. It is possible to 
resolve amplitudes which are as low as 20-30 ubar, so 
that any waves not observed must have had amplitudes 
which were less than about 20% of those of the Siberian 
waves. The suggested exit site is, however, closer to London 
than is the Tunguska region, so the recorded amplitudes of 
exit waves at London should have been greater, than those 
of the waves from Siberia in the absence of unusual pro- 
pagation effects. We have considered whether strong zonal 
winds to the west could have caused ducting effects which 
reduced the amplitude of the eastward travelling exit wave 
to below 20-30 ubar. Ducting between the mesosphere and 
the Earth’s surface reduces greatly the amplitudes of waves 
with periods shorter than a few tens of seconds when they 
are travelling upwind, but it reduces the amplitudes of 
waves with periods of 1-2 min, such as those recorded from 
the explosion, by only a factor of two or three. If such 
ducting had been in effect, any waves from the exit explo- 
sion should still have had amplitudes of about 100 abar 
in the London area. In addition, the eastward travelling 
reverse wave from the explosion was observed on a Fuess 
barograph at the Potsdam Geophysical Observatory about 
26 h after the direct waves’. If the eastward wave from the 
entrance explosion could propagate against the zonal winds 
it seems unlikely that eastward waves from an exit explo- 
sion could not do so as well. 

Other arguments against the black hole hypothesis have 
been given by Wick and Isaacs? The spatial pattern of 
numerous small magnetic globules with high nickel content 
found in the Tunguska region indicates that the source 
of these extraterrestrial particles was the impact explosion. 
Eyewitness accounts noted a thick dust train along the path 
of the fireball immediately after its passage, which is con- 
sistent with the deposition of material in the atmosphere, 
rather than loss of air into a black hole. The first night 
after the fall was exceptionally bright everywhere in Europe 
and western Siberia. In the Caucasas it was possible to read 
a newspaper at midnight without artificial light. That im- 
plies deposition of extraterrestrial material in the upper 
atmosphere simultaneously with the impact. The wide area of 
atmospheric deposition is comparable to the dimensions of 
a cometary tail, and is not compatible with the idea of slow 
transport of dust vertically and horizontally from a ground 
level explosion. The deposition in the upper atmosphere of 
both fine cometary dust and icy material could give rise, at 
high latitudes and at that time of year, to a phenomenon 
like noctilucent clouds. That could account for the bright 
nights. 

Fessenkov® investigated the measurements of the trans- 
parency of the atmosphere made in California in 1908, and 
found that from approximately the middle of July to the 
second half of August 1908, a noticeable decrease in the 
coefficient of transparency occurred. Fessenkov concluded 
that it was caused by the dissipation in the atmosphere of 
material from the Tunguska object. He estimated the total 
mass of dissipated material to be several million tons. 

All the evidence favours the idea that the impact which 
caused the Tunguska catastrophe involved a body with 
characteristics like a cometary nucleus, rather than a black 
hole. l 

We thank the Director-General of the Meteorological 
Office for supplying copies of the microbarograph records 
and Dr J. M. Young of the National Oceanographic and 


Atmospheric Administration Geoacoustics Group at 
Boulder for discussion. This work was supported by the 
National Science Foundation. 5 
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The formation of the Earth 


THREE recent hypotheses for the origin of the inner planets are 
based on chemical data obtained from meteorites or from solar 
observation! >. The chondritic earth model of Ringwood! 
or the cold accretion model (see summary in ref. 2) require 
partial melting of meteorite material and segregation of metal 
and sulphide to form a core, but the fractionation must have 
been a rapid, disequilibrium process to leave 2,000 p.p.m. Ni 
in the silicate mantle. The heterogeneous accretion model 34 
overcomes the problem of high Ni in the mantle by having 
accretion of the metal core first, followed by silicate mantle 
and finally by volatile-bearing material which formed the crust, 
no two fractions having been in equilibrium. Lewis® maintains 
that condensation from a homogeneous nebula under differing 
physical conditions can account for the density variation be- 
tween the inner planets without invoking the metal-silicate 
fractionation suggested by Urey®. Compared to the above 
hypotheses based on meteorite composition, the following 
approach is more direct as it is based on a reliable estimate of 
modern upper mantle composition. 

The best estimate of undepleted upper mantle composition 
obtained from a study of some 200 spinel-lherzolite xenoliths 
in basalt, is as follows: SiO, 45.0, TiO, 0.09, Al,O, 3.5, CrO, 
0.41, total Fe as FeO 8.0, MnO 0.11, NiO 0.25, MgO 39,0, 
CaO 3.25, NaO 0.28, KO 0.035; sum 99.92 (weight). (R. H., 
A. L. Chambers, D. K. Paul, and P. G. Harris, unpublished). 
This composition is close to that of three undepleted garnet- 
lherzolite xenoliths from the Bultfontein kimberlite pipe, but 
it has much lower Ti0,, NaO and KO contents than Ring- 
wood's pyrolite?. 

In meteorites, Ni is always concentrated in the metal relative 
to the silicate. For example, the metal of pallasites has about 
12% Ni (weight), but coexisting olivine has only some 20 
p.p.m.7. If an Fe-Ni metal fraction had been segregated from 
silicate mantle to form or to enlarge the core, then Ni should 
have been almost quantitatively removed from the upper 
mantle. The Ni:Fe ratio of modern upper mantle, about 0.03, 
is much lower than that in meteorites but higher than that of the 
silicate of meteorites. One possibility put forward here is that 
Ni was almost totally removed from the mantle during early 
segregation of metal and sulphide into the core, then partially 
replenished by the addition of further meteorite material. If 
this assumption is made, the composition of pre-replenishment, 
Ni-free upper mantle can be calculated by subtracting a suitable 
amount of Ni carrier from modern upper mantle. 

The most Ni-rich carrier, ataxitic iron meteorite, would 
require about 0.15 lunar mass to be mixed into the Ni-free 
upper mantle and oxidised. In addition to providing the 
2,000 p.p.m. Ni, about 1% FeO (weight) would also have 
been introduced. At the other extreme, the maximum mass of 
material capable of providing the necessary amount of Ni 
would be just under three lunar masses of type 1 carbonaceous 
chondrite (C1). C1 fragments have been identified in a variety 
of meteorite types®®. In addition, Cl material has probably 
been incorporated into lunar regolith’, and so seems a 
better candidate as Na carrier than the rare ataxites. Although 
other types of chondrite are also potential Ni carriers, some 
& 1 is necessary to provide the earth’s volatiles and so the model 
presented here will consider C1 only. 
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Table 1 Calculation of lithophile element content of primitive 
Ni-free mantle 
Atomic " t t § : 

Si 10,000 10,000 2,000 8,000 10,000 
Ti 118 15 5 10 l2. 
Al 923 915 174 741 926 
Cr 75 72 25 47 59 
Mg 12,359 12,900 2,100 10,800 13,500 
Ca 731 773 140 633 791 


* “Pyrolite? 

t Modern upper mantel from composition given in text 
+ 20% carbonaceous chondrite, from ref. 12 

$ + minus 


| § recalculated to 10,000 Si atoms — -primitive Ni-free (and Na-free) 
upper mantle 


To allow comparison between the upper mantle and 
meteorite groups, the method used for calculating the com- 
position of hypothetical, Ni-free upper mantle is that of 
Larimer and Anders!?. In Table | the lithophile element con- 
tents of ‘pyrolite' and upper mantle as given above are 
expressed in atoms per 10,000 Si atoms. By subtracting 20°% 
Ci from the modern upper mantle composition and 
recalculating to 10,000 Si atoms, primitive, Ni-free upper 
mantlecompositionis obtained. This hasa 100 FeO: (FeO -+ MgO) 
molecular ratio of 5. In Table 2, the data of Table 1 are 
expressed relative to carbonaceous chondrite composition: 
ordinary and enstatite (E) chondrite compositions are also 
included. 


adem EEEN 
Table 2 Lithophile element fractionation relative to carbonaceous 





chondrites 
Sr rr rr a rr 

Si 1.0 1.0 I 0 1.0 1.0 1.0 

T: 0,46 0.55 4.3 1.0 0.74 0.55 
Al 1.06 1.05 1.06 1.0 0.71 0.55 
Cr 0.47 0.58 0.59 t.0 0.82 0.77 
Mg 1.29 1.23 1.18 1.0 0.90 0.74 
Ca 1.13 1.10 1.04 1.0 0.67 0.53 


* Recalculated Ni-free primitive upper mantle, from Table | 
+ Modern upper mantle from composition given in text 

t *Pyrolite’! 

§ Carbonaceous chondrite 

|} Ordinary chondrite!* 

T Enstatite chondrite!* 


From Table 2 it is evident that fractionation of the lithophile 
elements has been different on Earth from that in meteorites. 
The sequence carbonaceous to ordinary to E chondrites has 
fairly regular depletion in all five elements, whereas in the 
upper mantle (column +) Al, Mg and Ca are enriched relative 
to carbonaceous chondrites, but Ti and Cr are depleted. 
‘Pyrolite’’ shows the depletion in Cr, but not in Ti; this is 
probably due to a failing in Ringwood’s model. The 
recalculated, Ni-free upper mantle composition shows the 
- Same trends as modern upper mantle, but accentuated by the 
subtraction of unfractionated material. Lack of coherence 
within the lithophile element group requires a mechanism 
different from any responsible for fractionation between the 
different chondrite groups, as does enrichment in Mg over Al 
and Ca. Gain by the Earth of the Mg, Ca, Al-rich fraction 
preferentially lost by ordinary and E chondrites!2 would have 
resulted in an impoverishment in Mg over Al and Ca in the 
upper mantle. These two problems are dealt with separately 
below. 

Depletion of the upper mantle in Ti and Cr is best explained 
by their partial removal into the core as sulphides. In the highly 
reduced E chondrites, virtually all Cr occurs as the sulphide 
_ daubréelite'*, and 75° of the Ti is present in troilite™’. The 
figures in Table 2, column’, indicate that, in the upper mantle, 
conditions were less strongly reducing than those which 
obtained during the formation of the E chondrites, for, in the 
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former, a much higher proportion of the Ti and Cr remained 
as oxides. This is borne out by the presence of Fe in the upper | 
mantle, there being virtually no oxidised Fe in E chondrites. 
Reducing conditions on Earth probably were not strong enough 
for reduction of significant SiO, to the metal, which occurred > 
to limited extent in E chondrites. It is therefore. unlikely that a 
the light element in the Earth’s core is Si. Removal of over half. o 
the Ti and Cr from the upper mantle probably took place. ee 
during the early differentiation which also removed the Ni. _ 
The depletion in Ti and Cr and enrichment in Al, Me and: Ca Rae 
cannot be accounted for by heterogeneous accretion. ee oe 
Mg enrichment over Al and Ca could be the result of these 
Earth having gained pure forsterite (Mg,SiO,). I think, however, = 
that the following two possibilities are more probable. Each pee 
necessitates SiO, loss from the upper mantle. The first and __ 
perhaps simpler explanation is that the mantle differentiated 
into upper and lower portions, with preferential enrichment of 
the latter in FeO and SiO, (refs 2, 15). This would be acce e 
to E pay whose models for towar manne compo tion : 

























requires eae by in the lower DAE of ¢ Ca an 
relative to Mg, a property which seems difficult to 4 
The second alternative is that loss of almost three lunar m 
of SiO, by evaporation from the upper mantle could have 
produced the observed Mg, Al and Ca enrichment, if primitive 
mantle had ordinary chondritic Mg/Si, Al/Si and Ca/Si ratios. 
The 35% SiO, loss necessary would have been accompanied by. 
total depletion in alkalis and volatiles, but the addition of 20% - 
C1 Ni carrier would have replenished the upper mantle in- 
these; if the Na content of Cl of Schmitt et al® is used, the- 
0.28% NaO in the upper mantle is exactly accounted for. 
Abundances of other trace elements and alkalis in the upper - 
mantle are not sufficiently well known for rigorous testing of. 
this hypothesis. This second alternative is attractive in thatan 
early period of surface heating might have radically altered. the. 
pattern of convection in the earth to ultimately bring about. 
the distinction between upper and lower mantle. The second 

alternative could also apply to a homogeneous mantle, but in. 
this case over ten lunar masses of SiO, would have had to nave 
been lost. s 

The chemical composition of the upper mantle is incom- 
patible with a single model based on heterogeneous accretion i 
or cold accretion. Geophysical evidence for lower mantle : 
composition? combined with the upper mantle composition 
given above suggest that the bulk mantle has a 100 FeO: 
(FeO + MgO) molecular ratio of about 20, in the range of the 7 
ordinary chondrites. Ordinary chondrite parent is also required ` 
to explain the enrichment in the upper mantle of Mg over Al and - 
Ca. Although Anders’ maintains that the five components of 
meteorites (lithophile elements, metal, silicate, sulphide and > 
volatiles) should each be considered independently in modelling 
planetary composition, the evidence put forward here argues = 
that this might not be necessary. 

My preferred model for the formation of the Earth is as 
follows: accretion began either as a metal-rich core followed by 
ordinary chondrite material, or as iron-rich ordinary chondrite- 
like material alone. Partial melting resulted in loss of 
siderophile and chalcophile elements from the silicate mantle 
to the core. Surface heating by a superluminous sun drove 
off volatiles, alkalis and about 35% of the SiO, from the upper 
part of the primitive mantle. Addition of Cl material during 
protracted cooling of the earth added Ni, alkalis, and, finally, 
volatiles. That accretion took place on an extended time scale 
is eyjdenced by meteorites, some of which have grains 
irradiated by solar flares in their interiors; such irradiation . 
must have occurred after the dissipation of the bulk of the - 
nebular gas?®. 

Along the midplane, pressure in the solar nebula ee 
towards the centre!®. The series carbonaceous to ordinary to- 
E chondrites represents material accreted under increasing 





nebular gas pressure” ??, Because the oxidation state of the 
Earth is close to that of ordinary chondrites, the more highly 
reduced E chondrites probably originated within the orbit of 
the Earth. This possibility is currently being considered. 
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and K. K. Turekian for discussions. 
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Inner floor of the 
Rift Valley: first submersible study 


THE Rift Valley of the Mid-Atlantic Ridge’, within which 
lies a segment of the accreting plate boundary between Afri- 
ca and North America, 1s well defined between 36° 40’N and 
36° 55’ N. It is about 30 km wide and 1.5 km deep in that 
area (Fig. 1). This small portion of the rift, WSW of the 
Azores, was chosen as the primary target of the French- 
American Mid-Oceanic Undersea Survey (FAMOUS) pro- 
gramme, and many surface ship studies have been con- 
ducted already. We report here preliminary results of seven 
dives into the deepest part of the Rift Valley that were 
made by the bathyscaphe Archimède during the summer of 
1973. 





Fig. 1 Topographic cross section of the Rift Valley near 


SON, based on surface-ship data’, showing the setting of 
te Inner Floor in the area of the Archimède dives (Fig. 2). 





Nature Vol . 250 August 16 1974 


Needham and Francheteau* showed that, in the area 
visited by Archimède, steep, inward facing slopes of the 
deepest outward tilting blocks of the Rift Valley walls bound 
an uneven, regionally flattish Inner Floor. The central part 
of this is occupied by a ridge, 200 m high and asymmetric 
along at least part of its length. The ridge, or Central High’, 
which we have named Mont de Vénus, is about 4 km long 
and 1 km wide. Two marginal topographic highs, or plat- 
forms, mapped during the course of a detailed narrow beam 
echo-sounding survey made by the French naval vessel 
d'Entrecasteaux, lie along the bottom of the bordering 
scarps of the Inner Floor (cv. Schrumpf, cc. Caillaud, 
and V. Renard, personal communication). The marginal 
highs extend further south than Mont de Vénus and may be 
more rectilinear in gross shape. 

The width between the major bordering scarps of the 
Inner Floor is 3.3 km. Assuming a mean opening rate of 
about 2.2 cm yr‘, the Inner Floor may be entirely younger 
than 1.5 10° yr, an inference supported by the occurrence 
here of very fresh lavas’. All seven dives of Archimède 
took place within the Inner Floor, and all were concentrated 
in an area of less than 5 km’ near 36° 50° N (Fig. 2). 

The major purpose of the dives was to show that useful, 
detailed geological mapping of very rough deep sea terrain, 
such as the Inner Floor, can be undertaken from a manned 
submersible. It was further hoped that new evidence 
could be gathered, which would help to answer two 
important questions. First, is the surface expression of the 
boundary between the the two diverging lithospheric plates 
confined to one of the highs or deeps within the Inner 
Floor, or is the locus of emplacement of new crust spread 
over a wider zone? And second, is the structural pattern of 
the Inner Floor steady state or transient? With these 
problems in mind, an effort was made to search for 
evidence of tectonic activity and to establish specific assoc- 
iations between microtopography and lava morphologies. 
A close, precisely controlled look was taken at a consider- 
able part of Mont de Vénus, and at the eastern deep and 
adjacent marginal high (Fig. 2). 

About 9 km was covered by the dives, in visual contact 
with the ocean floor. The position of the Archimède was 
known within 10-200 m, depending on her distance from 
the nearest of the acoustic transponders that were moored 
to the bottom and used for navigation. The transponder 
network for positioning Archiméde was tied, with an 
accuracy of about 50 m, to the networks used by the 
d’Entrecasteaux in the making of the detailed surface-ship 
map that was used as a base for the dives. The scale of 
features that could be resolved (0-20 m) is clearly beyond 
the reach of surface-ship, or even deep-towed, instrumenta- 
tion. A downward looking sonar and a pressure gauge were 
used to measure the altitude and relative depth of Archi- 
mède respectively. These were recorded every 10 s on 
digital printouts, and the precision was about 1 m. Use- 
ful complementary information was provided by a panor-. 
amic sonar device with a maximum range of 1,400 m. A 
dual system of still and television cameras (which kept 
film and videotape recordings) gave good images of the 
sea floor, whether it was flattish or very steep: the usual 
distance of observation was 3-5 m, and the maximum 
distance about 10-15 m. A telemanipulated grab was used 
for sampling and four pillow fragments, together with small 
quantities of sediment, were collected during the course of 
the dives. 

Mont de Vénus is largely covered by recent lava flows. 
It is a lenticular structure with apparent dextral offsets. 
Above a water depth of 2,560 m its summit is less than 
about, 500 m wide and deepens progressively northwards 
(Fig. 2). The surface of the summit is characterised by 
large (approximately 1 m) globular (dome like) lava forms 
«Fig. 3a) partially immersed in pale, carbonate-rich sedi- 
ment. The globular structures may represent the surface ex- 
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pression of the top of a gently dipping, coherent lava flow 
unit (J. G. Moore, personal communication). The sediment 
may be thin, but it occupies up to 80% of the fields of 
view from the bathyscaphe. No large open fissures, nor any 
definite indications of small fissures, were seen. On the crest 
of the summit, relatively gentle slopes are distributed over 
a width of 50 m, and the organisation of lava flows shows 
that the crest coincides with the dividing line between 
eastern and western sets of flows, both directed downslope. 
In addition, mapping from Archimède demonstrated that 
the steep south-eastern slopes of the summit of Mont 
de Vénus are lobate in character. The wavelength of the 
lobes was typically 50-100 m. 

The topography on the eastern side of Mont de Vénus 
down to the bordering deep is of a staircase type, with 
precipitous, north-south scarps, free of sediment, separat- 
ing relatively flattish areas where the sediment cover !s 
sporadic. One of the scarps is about 100 m high and has a 
slope of about 80° (Fig. 2). There is also a prominent east- 
west trending slope near 36° 50’N (Fig. 2). Cylindrical 
lava forms several metres long, which we call bolsters (Fig. 
3h), are present on all of the traversed scarps. The bolsters 
are commonly associated with shorter, phallus shaped forms 
which we call phalli (Fig. 35), and with lava forms resem- 
bling entrails which we call tripe (Fig. 3c). Some of the 
lavas associated with the scarps suggest regular stacking. 
Tali of lava fragments (Fig. 3d) occur typically at the feet 
of the scarps; and domed or globular, and commonly striated 
forms, similar to those seen on the summit, are a feature 
of the flatter areas between scarps, Collapsed or broken 
pillows (Fig. 3e) and bolsters occur on the scarps and on the 
flatter areas. 

The short section of slope crossed by the bathyscaphe+on 
the western side of Mont de Vénus has a relatively uniform 
gradient and is less steep than scarps crossed on the 
-eastern side, but it is similarly typified by bolsters which 
were directed downslope. Some of thege reach lengths of as 
much as 7 m, and many collapsed forms are present. No 
fields of angular boulders were seen, and sediment cover i 
up to 15-20% was observed. 

The scarps bordering the deep to the east of Mont de 
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Vénus follow north-south directions rather than t 
dominant NE-SW trend of the summit. Isolated boul 
lie on a blanket of sediment on the flattish floor of 
deep, and some of them are obviously detached f 
adjacent flow fronts. The floor of the deep is represen 
at least locally, by an extremely narrow (15-20 m) corrido: 
(Fig. 2). n 
East of the deep, a series of ridges, with a relief 0 
about 50 m or more, represent northward deepening fin 
of the marginal high that lies between Mont de Vénus ą 
the major eastern scarp of the Inner Floor. The top 
graphic grain of the eastern region seems to be m 
linear than that near the summit of Mont de Vénus. Si 
of the eastern ridges, however, are similarly covered. by 
coherent lavas, including elongated forms which are dire 
downslope; the measured flow directions are predominan 
north-west to west on the westward facing slopes, - 
mainly east on the eastward facing slopes. Sediment co 
locally prominent in the flatter areas, is sparse on | 
slopes which represent the inner edge of the eastern m 
ginal high. There is appealing local evidence, along these. 
slopes, of a north-south, possibly normal, fault with a 23 
m throw (Fig. 3d). a 
The four pillow fragments collected by Archiméde come 
from very well known positions (Fig. 2) and, although. not a 
sampled from outcrops, they are evidently derived | from 
adjacent flows. The rocks vary in size from 20-40 cm in | 
diameter, and weight 15-47 kg. They are well jointed, have 3 
glassy selvages in various states of preservation and are- 
similar, in mineralogy and chemistry, to other rocks from a 
the Mid-Atlantic Rift Valley’. : 
Samples 1 and 4 from Mont de Vénus are olivine tholeiites _ 
with olivine crystals set in a matrix ee olivine, — 
plagioclase and traces of spinel. Sample 2, an aphanitic 
pyroxene tholeiite from east of the eastern deep, is made up 
of equal amounts of plagioclase and clinopyroxene. Sample. 
3, a picritic basalt from the eastern depression itself, cor 
tains abundant, large Slivine crystals set in a groundm: 
of plagioclase laths, olivine and a dark mesostasis;. minor 
spinel is present both within the olivine, or as isolated — 
crystals. The two Mont de Vénus tholeiites are more — 





Fig. 3 Different types of lava morphologies on the Inner 
Floor of the Rift Valley, mapped from the bathyscaphe. a, 


Globules, partially immersed in sediment; particularly 
characteristic of flat and gently dipping areas. Photograph 
taken on summit of Central High. b, Bolsters and shorter 
blunt ended forms (phalli); directed downslope; typically 
found on several steep and very steep slopes where sediment 
cover is absent or sporadic; note cracked glassy selvages 
and longitudinal striae. Photograph taken on western slope 
of eastern marginal high, c, Tripe, frequently associated 
with, or occurring on, other lava forms found on slopes. 
Photograph taken on western part of eastern marginal high. 
d, Talus of well jointed lava fragments at foot of steep, 
probably faulted scarp; in general, sediment-free talus is 
typical of feet of steep slopes including those covered by lava 
forms which are directed downslope. Photograph taken on 
western slope of eastern marginal high. e, Pillow, broken egg 
structure and frozen lava flow; similar isolated lava forms 
lie commonly on less steep parts of slopes and on flattish 
areas where sediment cover is relatively abundant. Photo- 
graph taken on western edge of eastern marginal high. 


mafic, with higher MgO (10%), and lower TiO: (0.8-0.9% ) 
and K.O (0.15-0.2%) content than the tholeiite sampled 
further east (6.4% MgO; 1.6% TiO»: and 0.4% K.O). The 
most mafic of all four sediments is the picritic basalt 
(sample 3) which contains 22.6% MgO, 0.5% TiO. and 
0.06% K:O (P. Cambon, personal communication). 

The four specimens show different degrees of surface 
weathering. Using the thickness of manganese‘ and pala- 
gonite as indicators, and assuming a mean manganese 
accumulation rate of 3 um per 10° yr, suggests that all of the 
samples are younger than about 10° yr. The youngest rocks 
are the two samples from Mont de Vénus; these are 
younger than 10° yr. Sample 3 from the eastern depression 
is at least twice as old and sample 2 at least three times as 
old. The data thus suggest the possibility that the age of 
the Inner Floor increases eastwards from Mont de Vénus. 

The results of the dives, taken together, lead to “some 
general conclusions. Steep, and very steep (80-90°), major 
Slopes of the Inner Floor near 36° 50’N are associated with 
bolsters which are in a downslofe direction and other 
elongated and blunt ended lava forms. Lava talus is 
clearly associated with the feet of the scarps. Globule 
(dome) shaped, and commonly striated pillows lie more 
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or less buried in sediments on flattish areas between scarps. 
Incipient break-up of many of the intact lava forms is 
indicated by jointing and cracking. 

The lobate structures and the distribution pattern of lava 
forms on scarps and slope surfaces indicate that Mont 
de Vénus is a constructional volcanic feature, with the 
corollary that its major scarps are the fronts of one or more 
flow units. It is, nevertheless, possible that flows which are 
directed downslope mask evidence of vertical movements 
that have contributed to the process which formed the 
scarp. Such an interpretation would be consistent with the 
steepness of the scarps and with the partially demonstrated 
bilateral asymmetry of Mont de Vénus. The apparently 
straighter trend of structures east of the eastern deep which 
flanks Mont de Vénus, and the local evidence of faulting 
along the inward facing slopes of the eastern deep, point 
rather more persuasively to some tectonic influence between 
the faulted scarps that border the Inner Floor. Indeed, the 
mapped part of the eastern deep near 36° 50’N may be a 
tensional fissure and the volcanic activity reflected by the 
downslope flows east of the eastern deep may be associated 
with dilation and small scale vertical movements. 

The observation that the two rocks sampled from Mont 
de Vénus are younger than those sampled further east 
Suggests, in a tentative way, that Mont de Vénus is the 
youngest part of the Inner Floor. The dominant, and 
approximately central position of Mont de Vénus within the 
Inner Floor adds some weight to this inference, as does the 
limited evidence that the relief of the marginal highs has 
been more subject to modification by vertical movements 
than that of Mont de Vénus itself. It seems, therefore, quite 
possible, although young lavas are found over a con- 
siderable part of the width of the Inner Floor, that Mont 
de Vénus represents the most recent surface expression of 
new crust along the plate boundary. 

We acknowledge the contributions of the Archiméde 
pilots and engineers; the assistance of officers, technicians 
and crew on board the French Navy ship Marcel Le Bihan; 
and the support of C. Riffaud. We also thank V. Renard. J. 
Phillips, J. Moore and other members of the US Scientific 
group of the FAMOUS programme, and M. Mattauer and 
P. Tapponier also helped with discussions. 
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Negative magnetic anomaly 
associated with Mount Kenya 
Mount Kenya is a large central volcano just south of the 
equator in central Kenya. It rises to a height of 5,199 m 
above sea level. The base of the volcano covers an area of 
approximately 7,000 sq km, and is roughly circular in plan 
with an average diameter of 105 km. A detailed geological 
study‘ indicated that Some 1,500 m of the upper part of the 
mountain has been removed by erosion since the volcano 
was formed in the Plio-Pleistocene. 

The highest peaks of the mountain are formed from the 
eroded central plug which is about 2.2 km in diameter. 
There are a number of small glaciers in the peak area, the 
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Fig. 1 Sketch map of the positions of the measuring sites oie the track from Naro Moru to Batian. Contours are in feet. 
Shaded area, volcanic plug: ©, Lewis Glacier; A, Batian; x, Top Hut. 


largest of which, the Lewis glacier, is being studied in 
detail by one of us (S.H.) As part of this study, with a 
view to determining the thickness of the ice and the shape 
of the underlying topography, close-spaced measurements 
were taken of the total intensity of the geomagnetic field 
along two profiles across the Lewis glacier at altitudes near 
4,785 m. The glaciological interpretation of these observa- 


tions will be reported in detail elsewhere. We here draw 
attention to a large negative anomaly in the total field — 
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intensity, associated with the peak area and displayed by 
all the observations. T oe ‘ 
All field measurements v were made wi 


netic FER O The ea A Ce epoc 
less than 60y in all cases (ly=10°°T). In 


were taken at six sites along the main approach tr 
the township of Naro Moru which is situated a 
west of the peak ot Mount Aonya (Fig. 1 and T 


as a function of the distance of each measuring 


Batian, the highest peak of Mount Kenya (Fig. 2). The: é 
pected regional field value for the area (34,4407) obtain x 
from a recent magnetic survey of the whole of Kenya 
(N.J.S.) is also shown (Fig. 2). A shallow negative anomaly. 
of up to —400y exists over the whole traverse (all of which — 
is underlain by volcanics from Mount Kenya), and the = 
anomaly is sharply accentuated to greater than —1,300y = 
on the volcanic plug. A somewhat similar negative anomaly: 
of even larger amplitude has been reported on the volcano” : oe 
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Table 1 Data from the measurement sites 








Distance Total field F, 
from corrected to 
Map Measuring Altitude Batian common epoch 
No. site Latitude Longitude (m) (km) y 
l Naro Moru 0°09.7’S 37°00. E 1,975 32.5 34,283 
2 Minto’s Camp 0°10.8’S 37°04.9'E 2,100 26.4 34,283 
3 Bridge (Naro Moru 0°10.9’S 37°06.5'E œ 2,195 22.4 34,334 
River) : 
4 Near Park HQ 0°10.4’S 37°09.0°E 2,440 | 17.7 33,957 os 
S Roadhead -O 1010S -` a SFIZ8E 3,050 11.0 34, 073 ae 
6 Klarwill’s Hut 0°10.0’S 37° 17.S'E 4,145 ° 2.5 34 057 eee 
: iy au 0°09.6’S 37°18.VE 4,785 1.2 33,118 
| ews Glacier (1) 6 : o 7 l 0.7 33, 610 aa 
9 Lewis Glacier (2) } 0°09.5'S 3418.8 E 4,725 0.9 < 33,350 
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Fig. 2 a, Total field intensity as a function of distance from 


Batian. (Table | gives a key to the numbered sites); 6, expected 
regional field. 


Kilimanjaro in northern Tanzania’, and in this case also 
the anomaly increases sharply near the peak (Kibo) of the 
mountain. 
The plug of Mount Kenya is composed of a central core 
of nepheline syenite with outer partial sheaths of fine 
grained phonolite which in places is penetrated and locally 
altered by the syenite. Baker’ considers that the main inner 
syenite body is younger than the adjacent phonolite but it 
is not clear whether all the syenite was emplaced in a 
single phase of volcanic activity. Evernden and Curtis’ have 
given isotopic ages of 2.64 Myr for a specimen of nepheline 
syenite taken from the plug and of 3.1 Myr for phonolite 
from the main eruptive phase collected near Embu, 40 
km south-east of the peaks. The intense local negative 
field anomaly associated with the plug suggests that the rock 
of which it is composed possesses strong ‘normal’ remanent 
magnetisation, that is, it was emplaced at a time when the 
Earth’s magnetic field was in the same direction as at 
present. Furthermore, an oriented specimen of phonolite 
collected at the edge of the Lewis glacier, near Top Hut, 
was strongly magnetised in a ‘normal’ sense. The present 
magnetic field measurements and the isotopic date of 
2.64 Myr for the syenite suggest that the last eruptive phase 
through the main vent of Mount Kenya occurred during 
the Gauss normal epoch. The high degree of erosion of the 
peak area certainly precludes eruption during the present 
Brunhes epoch. On the other hand, for Kilimanjaro, the 
relatively slight degree of erosion of the Kibo crater, and 
the large negative magnetic anomaly’, point to a much 
younger main eruptive phase within the Brunhes normal 
epoch, and this is confirmed by the isotopic ages in the 
range 0.365-0.514 Myr for basalts from Kilimanjaro’. 
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The sub-Palaeozoic | 
basement in central Ireland 


THERE is no direct evidence to indicate the nature of the 
sub-Palaeozoic basement beneath central Ireland. The rec- 
ognition of gneissic xenoliths in Viséan volcanics in this 
region is therefore significant. They have been located at 
Croghan Hill in County Offaly (National grid ref. N4833; 
Fig. 1), Clare Castle (N2447), and the Dungolman River 
(NI851) in County Westmeath. 

At the first locality one specimen, 30 cm” in volume, was 
found in agglomerates cropping out to the west of Croghan 
village, and a second specimen of 1,600 cm?’ in basalt a 
little further south. From agglomerates near Clare Castle 
17 specimens were obtained, ranging from 10-200 cm’. 
The agglomerates from this latter locality occur as loose 
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Fig. 1 Localities referred to in the text and areas of Dal- 

radian or older rocks horizontal ruling), Lower Palaeozoic 

rocks (shading), Upper Palaeozoic rocks (blank) and 
Mesozoic and Tertiary rocks (diagonal ruling). 


boulders, often of great size, and they are certainly of local 
origin. They predominate in the boulder train and their 
lithic content, of Upper Palaeozoic age, closely matches 
that from beneath the area, which is known from bore- 
holes (K. Cullen, personal communication). Similar agglom- 
erates outcrop 11 km to the north-west in the bed of the 
Dungolman River. Material dredged from the bed of the 
river includes basalt fragments containing a further 10 xeno- 
liths ranging from 10-30 cm’. 

The Clare Castle gneisses are coarse grained and weakly 
banded, and contain the mineral assemblage: garnet- 
sillimanite-potash feldspar—plagioclase—quartz—rutile. Euhe- 
dral garnet, up to 2 mm across, has a composition close to 
the pyrope—-almandine join at about 56% almandine. Silli- 
manite prisms up to 10 mm long define a strong lineation., 
Both feldspars are quite fresh. The plagioclase composition 
is Ang—so, and it is unzoned; the potash feldspar is a string 
perthige. Modes vary within the range: garnet 20-30%, 
sillimanite 5-20%, plagioclase 25-30%, potash feldspar 
10-20% and quartz 10-40%. Other phases occur only in 
#nall amounts. Books of graphite up to 2 mm long occur 
in most specimens and there are traces of phlogopite in a 
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few cases. The assemblage belongs to a high amphibolite 
or granulite facies. 

The gneiss from the agglomerate at Croghan is very 
similar, though it lacks potash feldspar. That from the 
basalt is very altered; only coarse sillimanite and quartz 
remain in a matrix of secondary chlorite, fibrous amphi- 
bole and altered glass. Abundant pseudomorphs after garnet 
can be seen readily, however, and Watts' has observed 
garnet in xenoliths from the area. 

The gneisses from the Dungolman River are undoubtedly 
of granulite grade: they contain the critical assemblage 
hypersthene~garnet. They are rich in basic plagioclase 
(about Ana), hypersthene, garnet and quartz, and are 
medium grained and weakly banded. There is some altera- 
tion to anthophyllite, chlorite and carbonates. 

Other lithic fragments are abundant in the agglomerates. 
Many compare with phyllites and slates of currently 
accepted Ordovician age which are exposed in the surround- 
ing Lower Palaeozoic massifs. These rocks are of an ex- 
tremely low metamorphic grade. That is in strong contrast 
to the gneisses which are therefore likely to be Dalradian or 
older. Indeed, the only rocks of similar type in Ireland 
are pre-Dalradian. The Dalradian everywhere differs in 
lithology*~* and is generally of much lower grade, though 
it reaches middle amphibolite facies in places. The older 
Deer Park Schists* are also unlike the xenoliths. Gneissic 
rocks from north-western Mayo’ and the Rosslare Com- 
plex®’, which may be Lewisian, are mica bearing and poor in 
garnet, and of a distinctly lower grade. The only com- 
parable rocks are those from the Precambrian of the 
Ox Mountains, which Lemon! has tentatively referred to 
the Moinian. These differ in that they contain kyanite. 

The gneisses are clearly much older than the Lower 
Palaeozoic sediments. It is most unlikely that the gneiss has 
been derived indirectly, from the Old Red Sandstone (ORS) 
for example. None of the 29 xenoliths has adhering sedi- 
ment, and gneissic clasts do not occur in the ORS exposed 
in nearby areas, or in ORS blocks within the agglomerates 
themselves. The gneiss must have been derived from the 
sub-Palaeozoic basement. 

That is of interest in view of recently proposed plate 
tectonic models of Precambrian and Lower Palaeozoic 
history. Most of those require oceanic crust to lie beneath 
the Southern Uplands and its structural continuation into 
central Ireland’. Though some are not clear on the point, 
others clearly show this to be present even after the final 
Caledonian deformation. Powell’ has pointed out that the 
geophysical evidence conflicts with that idea, and proposed 
that there is a sialic basement “of Lewisian-type rocks” be- 
neath the Southern Uplands. Jeans" has accepted this, and 
his model shows oceanic crust lying, virtually pinched out, 
beneath the Midland Valley. The evidence presented here 
Strongly support the latter hypotheses. 

It is improbable that the gneiss was derived from a 
detached slice of sialic crust thrust over the oceanic base- 
ment. The localities discussed here are separated by 35 km, 
and the furthest is 70 km from Strokestown, the nearest point 
on the northern subduction zone proposed by Dewey’’’. It is 
far more likely that beneath this area there is a true base- 
ment of high grade metamorphic rocks. It seems probable 
that this basement extends beneath the Down—Longford 
Massif and into the Southern Uplands. 

I would like to thank Mr K. Cullen of Irish Base Metals 
Ltd, who brought my attention to the Clare agglomerates, 
and IBM who supplied drilling logs from the area. I also 
thank Drs J. R. Andrews and P. S. Kennan for discussion 
and criticism. 

™ P. STROGEN 
Department of Geology, 
University College, 
Belfield, Stillorgan Road, s 
Dublin 4, S. Ireland 


Received January 28: revised May 31, 1974. 









Watts, W. W., Guide to the collection of rocks and fossils.. of 

the Geological Survey of Ireland (H.M.S.O. Dublin 1895). 

2 Cambray, F. W., Am. Ass. Petrol. Geol, Memoir 12, 18t. 
(1969). 

3 Hartley, J. J., Proc. R. Ir. Acad., 41, 218 (1933). ces 
Phillips, W. E, A., Kennedy, M. J and Dunlop, G. M., A 
Ass. Petrol. Geol., Memoir 12, 194 (1969). 

5 Sutton, J. S., and Max, M. D., Geol. Mag., 106, 284 (1969). 
€ Baker, J. W., Proc. R. Ir. Acad., 69, 1 (1970). ae 
* Max, M. D., and Dhonau, N. B., Scient. Proc. R. Dubl. Soc, C oe 

4, 103 (1971). : Se 
j Lemon, G. G., Geol. Mag., 108, 193 (1971). 
? Dewey, J. F., Nature, 222, 124 (1969). PEE 
s: Dewey, J. F. Scott. J. Geol., 7, 219 (1971). OES 
u Bird, J. M., Dewey, J. F., and Kidd, W. S. F, Nature, Bh a 
28 (1971). 
n Fitton, J. G., 
223 ( 1970). ae 
3 Garson, M. S., and Plant, J., Nature phys. Sci., 242, 34 dm 
u Powell, D. W., Scott. J. Geol., 7, 369 (1971). OEE 
** Jeans, P.J. F., Nature phys. Sci., 245, 120 (1973). 


mt 


ho 


and Hughes, D. J., Earth planet. Sci. Lett, aso 


























Reversals of the Earth’s 
magnetic field and climatic changes 


Ir has been suggested that evolution may be influenced by 
reversals of the Earth’s magnetic field'-*. It was observed. th t 
there were correlations between discontinuities in microfossil 
assemblages (or evolutionary discontinuities) and reversals 
the Earth’s magnetic field in deep sea sediment cores*®, TH 
observation was put on a firm base when Hays’ showed statis 
cally that reversals directly or indirectly exert a selective. in- 
fluence on radiolaria. The explanation offered by Uffen’? and 
Simpson? for the connection between evolution and reversals was 
that during reversals of the Earth's magnetic field, the intensity 
of the field would be reduced to a very low value, allowing 
organisms at the surface of the Earth to be bombarded by in- 
creased cosmic radiation normally shielded by the field. This 
increased radiation should then cause an enhanced mutation 
rate and hence produce an evolutionary discontinuity. It was, 
however, shown later that the estimated increase in the mutati 
rate would be small and unlikely to cause evolutionary. d 
continuities’ ™?®. 

Two other ways have been suggested in which reversals of the 
Earth’s magnetic field could influence evolution. One way is by 
the direct biological effect of a magnetic field on organisms; 
there is a short discussion of this by Crain. The second 
mechanism proposes that a reversal of the Earth’s magnetic. o 
field could cause a change in the climate of the Earth and hence a 
indirectly produce faunal extinctions’®. Se 

Here, we shall discuss the second proposed mechanism ape. S 
speculate on a possible causal relationship between reversaisand 
climate. Evidence has been previously presented (for example i 
refs 12, 13) suggesting a connection between the. Earth’s a 
magnetic field and climate. Wollin et al.’ showed that. the E 
record of mean annual temperature (averaged over 10-yr periods) 
was inversely correlated with the magnetic field intensity ato | 
nearby magnetic observatories. They were, however, unable to ae 
suggest what the causal relationship between these two para+ 
meters was. King’? has discussed the possibility that the Earth's 
field controls in some unknown way the variations in pressure 
to & found at high latitudes in the troposphere. King has als 
suggested" that solar ionising particles are responsible for some 
of the correlations to be seen between the yearly mean sunsp 
number and various meteorological phenomena. oe 

Roberts and Olson’ have demonstrated a relationshi: bes 
tween one climatic parameter and geomagnetic disturbances and ee 
have also offered an explanation for this relationship. They have 
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Fig.1  Tonisation asa function of latitude. Curves are shown for 
four altitudes (measured in km). 


shown” that troughs at the 300 mbar level are influenced by 
geomagnetic disturbances. They found that, during the winter, 
troughs which moved into the Gulf of Alaska between 2 and 4d 
after a geomagnetic storm underwent a greater degree of in- 
tensification than did troughs which appeared at the same place 
and during the same season but not within the 2-4-d time 
lapse after a geomagnetic storm. They suggest that this intensi- 
fication may be caused by modification of the black body 
radiation from the relatively warm North Pacific as a result of 
increased cirrus cloud cover. It is thought by Roberts and Olson 
that increased ionisation at the tropopause level, caused by the 
ionising particles associated with the geomagnetic disturbances, 
could cause ion-induced nucleation and, hence, enhanced 
formation of clouds; the increased cirrus cloud cover at high 
latitudes during the winter results in a decrease in cooling rate 
which, in turn, leads to the increased vorticity. 

A reversal of the Earth’s magnetic field must be classified as a 
major geomagnetic disturbance. It is believed that the period of 
reduced field intensity during a reversal lasts between 1,000 and 
10,000 yr'*-!", During the time of very low magnetic field inten- 
sity, the whole Earth would receive the present-day polar cosmic 
ray ionisation rate, all other factors being assumed to remain 
constant. We can estimate this rate by using the data of Saylor 
et al.'* for latitudinal variations in cosmic-ray ionisation rateas a 
function of altitude. 

Table 1 gives ionisation rates at three‘different altitudes and at 
the equator and pole, taken from ref. 18. The top figure in each 
category gives the rate during a solar activity maximum, and the 
lower figure gives the rate during asolar activity minimum. Means 
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of the two values are given, and the polar/equatorial ratios of the 
means are shown in the last column. 

Figure 1 shows the mean ionisation rate plotted as a function 
of latitude for four different altitudes. It can be seen that half 
or more of the Earth’s area at these altitudes would have the 
ionisation rate increased by a factor of two or more during a 
reversal, if it is assumed that the polar ionisation rate is applic- 
able to the whole Earth during a reversal. Using these curves 
and performing a simple numerical integration to determine 
average lonisation rates over the Earth’s surface, it can be shown 
that the average ionisation increases by factors of 3.03 (for the 
lowest altitude curve), 2.87, 2.84 and 3.11 (for the highest 
altitude curve). If Roberts and Olson! are correct in assuming 
that ionisation at such levels in the atmosphere is important for 
the production of cirrus clouds, then we should expect pro- 
found changes in the Earth’s climate during a reversal, due to 
increased cloud cover at lower latitudes. 








Table 1 [onisation rate, (10° ion pairs m s™!) (measured at a 
pressure of 101.3 KN m~?) 
Altitude (km) Equator Pole Ratio 
14.3 102.4 Uraga 
9.144 86 aA ion tp 104-7 4.9 
33.3 211.9 
12.192 aa a pee Puig 4.2 
69.0 | 285.7 | 
15.240 Stu. 3667 J 326-2 4.2 





The specific mechanism which Roberts and Olson”? suggest as 
being responsible for the formation of cirrus, ion-induced 
nucleation, is highly speculative. Castleman!presents evidence 
that ions can promote water vapour nucleation at super- 
saturation ratios considerably below that required for homo- 
geneous nucleation; he suggests, for example, that at the summer 
mesopause (130 K, water concentration 10° cm?) sufficient 
supersaturation exists for this nucleation process to be operative. 
But Castleman does not state if this process would be signifi- 
cant lower in the atmosphere. Montefinale et a/.*°, in a 
review of recent advances in the chemistry and properties of 
atmospheric nucleants, decline to discuss the role of ions be- 
cause of the lack of information on the primary chemical nature 
of the ions and, hence, on their modes of action; they exclude 
ions from the population of active condensation nuclei on the 
basis of the high water supersaturations necessary for the ions 
to become active. On the other hand, Montefinale et al”, 
suggest that ions, because they electrostrict conspicious amounts 
of water molecules, may be responsible for the vertical transport 
of water under the influence of the electric gradients in the atmos- 
phere. This transport may, in itself, have a significant role in 
effecting weather changes in response to geomagnetic events. 

Because of the general lack of knowledge about the physical 
and chemical properties of the upper atmosphere, the questions 
concerning the nature of the mechanism linking geomagnetic 
disturbances and weather will most probably remain unanswered 
for some time. But we submit that the relationship between 
geomagnetic disturbances and weather warrants further in- 
vesigation not only because of the short term implications but 
also because such studies may lead to an explanation of climatic 
changes on the geological time scale. 

This research was supported by grants from the National 
Science Foundation. 
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Equatorial undercurrent and 
climate in the Galapagos Islands 


PALYNOLOGICAL data from sediment cores taken from El 
Junco crater lake on San Cristobal Island led to the recognition 
of stratigraphical fluctuations resulting from the water budget 
in the crater!. The results show that the crater was dry between 
at least 34,000 and 10,000 yr Bp. Colinvaux! suggested that the 
Galapagos Islands had a dry climate during that period, because 
the intertropical convergence zone (ITCZ) remained north of 
the geographical equator. On the other hand, Newell? showed 
that the ITCZ probably existed south of the equator at about 
that time (20,000 yr BP). 

I demonstrate here that another mechanism could explain 
this general dryness. 

The climate in the Galapagos Islands is influenced by 
regional and local hydrographic conditions which regulate 
the annual course of the temperature in the superficial waters. 
The most prominent features of the thermal properties in the 
Eastern Tropical Pacific are the upwellings: those which occur 
along the coast of the South American mainland, and those 
which are connected to the divergence along the equator. I 
have already shown® that the local upwelling west of Isabela 
is a fluctuating but permanent feature which influences the 
temperature distribution throughout the archipelago. The 
annual thermal regime in the superficial waters of the islands 
is balanced between the warm season, when warm waters are 
drifting from the north and solar heating takes place, and a 
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Fig. 1 The relationship between the mean annual seawater 
temperature, taken at Bahia Academig (Santa Cruz), apd the 
rainfall collected in the same year at selected stations on Santa 
Cruz Island: @, Bahia Academia (altitude, 6 m); a, Divine 
(320 m); O, Media Luna (620 m); solid diamonds (200 m). 
aros . W b, pos rete c, F 0. 996: d, r = 0.996. (FP 
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cold season, when upwelling reaches maximum development. 
Year to year comparisons of meteorological data and surface 
sea temperature, taken at the Charles Darwin Research 
Station (Bahia Academia, Santa Cruz Island)**, have revealed 
that interannual variations in the thermal regime are similar 
to those recorded further east in the coastal waters along the _ 
Peruvian*? and Ecuadorian coast (G. Houvenaghel, unpub- - 
lished). There is also a good correlation between the annual 
rainfall values from some localities on Santa Cruz Island, and | 
the annual mean sea temperature measured in the. surface 
waters at Bahia Academia (Fig. 1). The climate may be” 
characterised using the pluviothermic quotient of Emberger, | 
Calvet® gives a formula for the computation of a pluvio- ae 
thermic quotient from the annual rainfall, R, the mean-air. 
temperature of the hottest, T, and the coldest, 1, month, and a 
the evaporation: B 
Q = 1,000 R/0.5 (T + t) Pr-P,) o 

where Pr and P, are the water vapour pressure at e 
temperatures T and ż, respectively. Plotted against the mean 
annual sea temperature (Fig. 2), the computed values for Q- 
also correlate well. Figure 2 shows that only a small decr a 
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Fig. 2 The relationship between the mean annual seawater 
temperature and the annual pluviothermic quotient, Q, at 
Bahia Academia: r = 0.91 (r = 0.87, P = 0.01). 


in the mean annual sea temperature is required to provide an = 
arid or desert climate in the highlands of Santa Cruz. El Junco.. 
crater is located at an altitude of 650 m (ref. 1) which is inter- = 
mediate between the highest two recording stations on Santa. __ 
Cruz, and so the climate conditions prevailing on San- 
Cristobal Island, 100 km ESE of Santa Cruz, must be similar: 
to those recorded here. The dry climate which according to __ 
Colinvaux! existed in the past, could well have developed ifa 
superficial cooling of sea water by about 1° C occurred at that. | 
time. Cooling can be expected to follow only a slight increase 
in the rate and duration of the upwelling (such as occurred, 
for example, during 1967) and it could last throughout the 
entire dry epoch. According to Bjerknes’s model of equatorial 
circulation’, increases in both rate and duration of upwelling 
depend on the oceanwide stress of trade winds on the equator. 
Coeling in the Galapagos Islands may thus occur if the 
intensity of the field of the SE trade winds is increased. Thi 
could have been the case in the past: Newell? reports that tl 
temperature gradient ein both hemispheres was higher 
20,000 yr BP, and that the intensity of the Hadley cell circu- 
lation increased as well. 
A dry climate in the Galapagos Islands could thus result 
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from changes in the intensity of the southern trade wind rather 
than from the shifting and continuing existance of the ITCZ 
in the Northern Hemisphere. 
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Relative sizes of high 
and low spin states of atoms 


STRUCTURAL Studies with X rays}-? of five and six-coordinated 
iron porphyrin complexes have shown that the distance from 
the iron atom to the nitrogen atoms of the porphyrin rings is 
less for low spin Fe(II) than for high spin Fe(II). As a result, 
it is often assumed that the Fe(III) atom is larger in its high spin 
state than in its low spin state. Similar size differences for the 
Fe(II) system form the basis of the Perutz model? for the 
cooperativity of oxygen binding in haemoglobin. I discuss here 
the relative sizes of the high and low spin states of atoms in 
terms of the results of quantum mechanical calculations on 
isolated atoms. Contrary to earlier interpretations of structural 
studies, I have found that in the atoms I have studied the lowest 
lying high spin state of an atom in a given configuration is 
smaller than any state of lower spin. 

Any theoretical discussion of the size of atoms must be 
concerned, in one way or another, with the radial density 
function D(r,) which is a measure of the probability of finding 
an electron at a distance z, from the nucleus. Unfortunately 
there is no unique definition of the size of an atom. In fact, 
= Many indices may be considered to be of atomic size. For 
example, the mean value of r,, denoted by <r,>, is proportional 
© to the average radial distance of an electron from the nucleus. 
Comparison of <r, for two or more states of a given atom 
should indicate their relative radii. Also, as it is well known that 
the size of an atom is essentially determined by the outer shell!, 
the value of z, at the outer shell maximum of D(r,) could be 
taken as a measure of the size of an atom. Finally, the radius of 
a sphere containing a specified percentage of the total electronic 
charge is taken as a third index. 

Consider the simple case of two electrons in a particular 
configuration in the field of a single nucleus. Figure | illustrates 
D(r,) tor the singlet and triplet states arising from the ls2s 
configuration of helium (the Pauli principle forbids a triplet 
‘state for the Is? configuration). The curves have been calculated 
for the moderately accurate correlated wave functions of 
Perkins’. The use of more accurate wave functions, such as 
those of Accad, Pekeris and Schiff*, which are nearly exact, 
would not alter the conclusions. On the basis of the indfces 
listed in Table 1, it is clear that the helium atom is distinctly 
smaller by as much as 19°% in the high spin 23S state than in 
the 2'S state. ° 
Similar calculations with the Perkins wave functions for 
Be** show that the 2°S state is smaller than the 2'S state by as 
much as 10°. (One curious result should be noted: in both He 
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Fig. 1 Radial density function D(r,) in the 2°S (dotted line) 
and 2'S (solid line) states of helium. 

and Be?* the value of r, at the L shell maximum of D(r,) 
corresponds to the radius of a sphere containing ~ 69° of the 
electronic charge in both the 2°S and 2'S states.) Very accurate 
values of <r,> have been reported? for the singlet and triplet 
States of the Isas and isap (n = 2-5) configurations of the 
helium isoelectronic sequence up to Z = 10. In every case, the 
triplet state <r,> is greater than the corresponding singlet value 
and, therefore, it must be concluded that for atoms with two 
electrons a high spin atom is smaller than a low spin atom with 
the same configuration and nuclear charge. 

For atoms with many electrons, only a few wave functions 
have been reported with an accuracy approaching that obtained 
with atoms which have only two electrons. It is, however, well 
known that the Hartree-Fock method gives good charge 
distributions. Also, because the size of an atom is essentially 
determined by the outer shell, the size of atoms with many 
electrons can be discussed in terms of the radial density asso- 
ciated with the outermost orbital, in much the same way as 
atoms with two electrons have been discussed in terms of D(r,). 
Assuming that, and using Clementi’s Hartree-Fock wave 
functions’, a high spin atom is found to be smaller than a low 
spin atom with the same configuration and nuclear charge, for 
all the states arising from the p?, p? and p' configurations of the 
partially filled L and M shells. The conclusion is valid for large 
atomic numbers. For example, qualitatively identical results are 
obtained for the tS and ?P states of the K(2) L(8) 3s? 3p? 
configuration of both P and Kr?!>. 

Unfortunately, Clementi’s tables’ include only the lowest 
state of the K(2) L(8) M(8) 3d" configurations and, therefore, 








Table I Relative radii of the 2°S and 2!S states of helium (a.u.) 
Index 238 21S 
<r> 2.55 2.97 
L shell maximum 3.54 4.38 
9%% charge e 8.75 10.23 
95% charge 6.78 7.90 
90% charge 5.67 6.75 
e 80% charge 4.49 5.42 
65% charge l 3.24 3.98 
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cannot be used to discuss the spin states of biological interest. 
It would, however, be very surprising if results similar to those 
observed for p” configurations were not also found for d” 
configurations. This conjecture is supported by some results? 
for the K(2) L(8) 3s? 3p® 3d! 4d! configuration of Ca. The 4d 
radial densities indicate that Ca is smaller in the high spin °F 
state than in the low spin 48, 1D and 1G states. In this case, 
unlike the p” configurations, there is a second allowed state 
which has the maximum multiplicity. Thus, the ?P state lies 
above the °F and 'D states and leads to a correspondingly 
larger atomic radius, 

Although it has long been realised that the effective radius of 
an atom depends on its electronic structure and environment’, 
it seems that the observations of free atoms discussed here have 
not been reported previously. Of course, environmental effects 
can be large and can lead to results opposite to those found in 
free atoms: a detailed discussion of environmental effects is, 
however, beyond the scope of this article. 

Although these results are likely to be contrary to the 
‘chemical intuition’ of many scientists, it should be noted that 
electron repulsion is greater in the triplet state than in the singlet 
state of some two-electron systems’ contrary to the usual 
interpretation of Hund’s rule. 

I thank Professor E. J. Wells for helpful correspondence. 
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Significance of the even-carbon 
n-paraffin preference of a Spanish crude oil 


It has been suggested that processes other than the accumula- 
tion of biogenic hydrocarbons play an important role in the 
organic formation of petroleum. That can be inferred from a 
comparison of the different types of organic compounds 
found in sediments and petroleum! ?. 

Those studies dealt mainly with saturated hydrocarbons, 
among which n-paraffins have a special geochemical signifi- 
cance. That is because their distribution depends on the degree 
of maturity and the nature of the source material. 

Most recent sediments exhibit an «#-paraffin distribution 
concentrated between Cs and Cy., characterised by a marked 
predominance of odd numbers of carbon atoms (CPI> 1), 
(refs 3 and 4). As a result of physicochemical maturation 
processes, this predominance diminishes in the oldest sediments, 
and disappears in petroleum in which there is a shift in the 
maximum of the #-paraffin distribution curve towards lower 
carbon numbers. Thus, the CPI of aesediment is considered 
as an indication of its capacity for generating hydrocarbons?, 
although both the extent of generation of hydrocarbons and 
the type of source material, influence the distribution of fhe 
n-alkanes found in ancient sediments’. 
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Fig. 1 Gas chromatogram of the Amposta- -marino crude oil. i 
(OV—101 capillary column). 


Smooth x-paraffin distributions (CPI=1) are typical of | a 
marine organic facies. A relative predominance of high mole- T 


cular weight n-paraffins, with possibly an odd carbon pre- 


ference in the Cap-Cy9 range has, however, been invoked as | 
evidence of non-marine origin in some sediments** and crude — 





oils’®, A slight predominance of odd number n-paraf in is. 
not definite proof of continental origin, because it may 
have arisen by diagenetic processes’®. The predominance. of 
n-paraffins with odd numbers of carbon atoms has also ‘been 


claimed to support the hypothesis of fatty acid decarboxyla- a 


tion in the generation of n-paraffins. 

In our work on the chemical characterisation of the crude 
oils from the first oil field in production in the Mediterranean 
(near the mouth of the Spanish Ebro River), we have found 
that the Amposta-marino crude (Mesozoic, 16.6 API) ap- 
parently exhibits a marked predominance of #-paraffins with 
even numbers of carbon atoms within the C-C, range 
(Fig. 1). That is interesting not only geochemically but also 
because it provides a means for the characterisation of acci- 
dental spillage of the crude oil in the sea*. l 

We isolated the n-paraffins by separate treatment of the- 
light distillates (< 200° C) and of the desasphaltened residue 
with 5 A molecular sieves. Analysis by gas-liquid chromato- 
graphy provided the real distribution of n-paraffins in 
the crude oil (Fig. 2). A maximum appeared at n=8, and a 
CPI value of 0.74 was observed in the range Cgy-C 34. 

Slight predominances of sedimentary n-paraffins with even 
number of carbon atoms have been reported*!*"!4. Consider- 
ing the n-paraffin distributions found in living organisms 
(odd number preference), the even number predominances 
should be a result of post-depositional reductive processes 


acting on the organic matter, that is, hydrogenolysis of fatty ee 
acids??? and alcohols. There is experimental evidence of = 


such geochemical transformations!*"?*. 

Even-carbon n-paraffins can also be formed by the con- 
densation of two fragments originating from fatty acid de- 
carboxylation or from n-paraffin thermal degradation’’*. For 
thermodynamic reasons, however, these processes should be 
of secondary importance in comparison with true degradation. 
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Fig.2 Distribution of n-paraffin in the Amposta-marino crude. 
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As far as petroleum is concerned only a very few cases of 
even-carbon predominances have been reported?, The most 
remarkable was found in a Nigerian crude oil within the 
Cyo-Cqg range’, Its origin is very difficult to explain by the 
processes already mentioned. 

To the best of our knowledge, there are no previously 
described examples of such a clear even-carbon number pre- 
dominance within the C-C, range in crudes, as that ex- 
hibited by the Amposta-marino oil. The type of distribution 
shown in Fig. 2 leads to the assumption that the process of 
formation is not secondary but rather that the even-carbon 
number predominance is produced by the reduction of organic 
material containing large amounts of long chain fatty acids or 
alcohols. This could indicate a continental character in the 
crude oil, as would be expected for a deltaic environment. 
As long as no definite preference is observed in the Cpe Cy 
region, the reduction of alcohols seems to be the more probable 
process. 

Such a reduction has already been invoked, for example, 
to explain the formation of steranes from sterols in petroleum??”. 
Furthermore, the n-Cy. and n-Cy. paraffins, the principal 
hydrocarbons of the Cyp-C3, range studied, have been con- 
sidered to be related geochemically to m-docosanol? and 
n-octacosanol’, the main components of some continental 
plants and sediments. On the other hand, the formation of 
even-number n-paraffins by the reduction of waxy alcohols 
could explain, in some cases, the balanced distribution of 
Ceo~C 39 H-paraffins in old sediments and crude oils: it may result 
from dilution of the pre-existing odd-number compounds. 

It is worth pointing out, in connection with these reduction 
processes, that phytane is more abundant than pristane in 
this crude (phytane/pristane = 1.4), although it does not seem 
necessary to invoke a reduction process in order to explain 
this predominance, because of the existence of isoprenoid 
alkanes in living organisms. 

In short, chemical and physical environments must be as 
important as time in establishing differences in the n-paraffin 
distributions. In particular, the manifest existence of reduction 
processes during the formation of the Amposta-marino crude 
affords direct evidence of the need for a reducing condition 
in the sediments for the formation of petroleum. This idea 
has been supported until now by the absence of olefins and 
other easily reducible substances in crudes. In any case, the 
mechanism of such processes has not yet been established. 
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Age of valley deposits in Périgord 


In Périgord, as in other parts of Europe, climatic and 
ecological variations inferred from Pleistocene sediments 
and organic remains have long provided the basis for 
correlating stratified Palaeolithic artefacts' and for sub- 
dividing the geological record’’*. Radiocarbon dating now 
makes it possible to establish independent environmental, 
archaeological and palaeontological sequences and thus to 
investigate the links between them. I report here the results 
of work on valley deposits undertaken with this end in 
view; their archaeological and palaeoclimatic implications 
will be considered elsewhere. 

Near their junction, the Vézére and Dordogne rivers and 
their larger tributaries (Fig. 1) display traces of three post- 
Tertiary depositional episodes separated by periods of 
erosion. Names are proposed for the resulting rock units 
(Fig. 2) to simplify discussion. 

The ‘Condat Tufa’ is a localised deposit consisting of 
maris and tufas. Five “C dates were obtained at various 
levels in the type section (section I), where the formation 
attains a maximum observed thickness of 8.2 m and overlies 
Jurassic limestones. (To judge from the published descrip- 
tion this is the tufa at Coly from which Bourdier’ reported 
a temperate molluscan fauna.) The dates (Table 1) are 
consistent with their relative stratigraphical position and 
when plotted against depth indicate a uniform depositional 
rate of about 21 cm per 1,000 yr; but being on tufa they 
are automatically suspect. Variations in 86°C do not 
necessarily provide a good measure of the limestone 
dilution effect’ and in the present case yield no consistent 
pattern; and, as tufa is not forming today, a correction 
based on current “"C:"C ratios could not be introduced. As 
regards contamination by younger carbon, pretreatment 
with acid washes was supplemented by various analyses of 
the three uppermost samples. Although thin sections reveal 
no obvious evidence of recrystallisation, and X-ray diffrac- 
tion shows that all three samples consist of calcite with less 
than 4 mol% MgCO; JD-22 displays some scattered 
rhombs of dolomite and signs of secondary calcitic 
cementation (P. Wigley, personal communication). This 
supports the inference that the high porosity (15-30% void 
ratio) of JD-21 and 22 coupled with their position at the 
surface of the tufa would have exposed them to “C 
exchange, and thus argues for their rejection. Sample JD-2, 
being compact and rich in algal material, is more likely to 
yield a date which refers to the time of deposition. 

The ‘Montignac Formation’ includes scree, colluvium and 
alluvium, and ranges in lithology from gravel to clay. Its 
surface slope attains 30° at some valley margins and 
decreases to form horizontal terraces along the larger 
Streams, such as the Vézére at Montignac: its thickness 
commonly exceeds 25 m. The deposit is separated from the 
Condat Tufa by a weak unconformity; elsewhere it rests on 
Tertiary or older rocks. Although some aggradation may 
have taken place before the end of tufa deposition (unlike 
JD-2, samples JD-21 and JD-22 contain quartz grains), the 
bulk of the Montignac phase presumably postdates 21,730 
BP. Derived Middle and Advanced Palaeolithic artefacts 
were found in the Montignac deposits at various ex- 
posures; at the Magdalenian open site of Solvieux, on the 
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Table 1 
Sample Laboratory | HCE 
Rock unit No. No. Grid reference! Location Age (y BP) Rel PDB Material Remarks 
Condat Tufa JD-21 1-6945 513.6 x 313.2 P IFI6”E 12,890- 175 a Porous Tufa At contact with Montignac Fm 
(Section fF) 45°70" N i v 
Condat Tufa JD-22 [-6946 513.6 x 313.2 1°14 167E 12,320 + 175 -—8.4 Nodular Tufa At contact with Montignac Fm - 
(Section D 48°70" N Te 
Condat Tufa JD-2 1-6795 $13.6 x 313.2 I°IF 16E 21,730 + 410 —10.3 Algal Tufa 2 m below contact 
(Section I) 45°70°N 
Condat Tufa JD-93 l-7472 513.6 x 313.2 1°14 16°E 25,880 = 650  —9.2 Dendritic Tufa 3 m below contact 
(Section D 45°7°0"N 
Condat Tufa JD-94 l-7473 513.6 x 313.2 1°14'16’E 31,050 +1500 —11.7 Marl 4 m below contact 
(Section D 45°70°N 
Limeuil DP-5 1-6794 494.5 x 296.3 IOS“E 1,335 + 90 — 22.2 Charcoal Age normalised for fractiona- 


Alluvium (Section V) 44°57°21°N 


tion 1,375 + 90 
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Fig. 1 


Location map of places mentioned in text. 


Isle (which joins the Dordogne west of the main area 
of study), deposition was apparently still in progress during 
the period of occupation. Radiocarbon dates for compar- 
able material from the caves and shelters of Périgord’ 
suggest that deposition of the Montignac Formation con- 
tinued until about 10,000 yr ago. It is worth noting that in 
the Beune valley, where the Montignac deposits are coarse 
in texture and slope down beneath the fine-grained 
material in which the river is now incised, a “C date of 
9,040 + 60 yr BP (Grn-4492) has been obtained at a depth of 
about 13.7 m slightly above the contact between silty muds 
and the underlying sands and gravels’. 

The ‘Limeuil Alluvium’ generally underlies the plains 
that border the larger streams, although it may be con- 
cealed by modern flood deposits. It consists principally of 
silty sand (whereas the flood materia] is dominated by 
coarse sand with abundant pebbles), and attains a maximum 
observed thickness of 7.5 m at Limeuil (section IV). Roman 


potsherds have been found within the deposit here as well . 


as in a quarry west of Coux-et-Bigaroque (section IH) and 
in the Beune opposite the cave of Font de Gaume (section 
Il). Radiocarbon dating of the Limeuil Alluvium in the 
Manaurie valley (section V; see Table 1) has confirmed its 
historical age. 

The resulting sequence may be summarised as follows. 
Localised tufa deposition came to an end about 21,000 yr 
ago. It was closely followed by a phase of scree formation, 
slope wash and valley filling. About 10,000 yr ago stream 
incision supervened. Renewed aggradation took place 
during or after Roman times, to be supplanted by the 
current erosional episode at some stage after ap 575. 


Field mapping shows that the Montignac Formatio: 
the present account includes most of the deposits attrib 
on the geological sheets of the area” to the lower. terra 
the alluvions anciennes as well as part of the allu 
modernes; the rest of the alluvions modernes cor 
to our Limeuil Alluvium. Comparison with the accou 
Fénelon’ and Bourgon’ shows similar discordances, = 

Chaput’ has described a deposit in the Garonne nea 
junction with the Dordogne similar in morphology an 
archaeological content to the Montignac Formation anc 
linked to moraines at the foot of the Pyrenees which -he 
ascribes to the Wiirm glaciation; the deposition of th 
Montignac Formation during glacial times, already 
suggested by its wealth in presumably frost-riven. scree 
material, is further supported by the “C dates of 17,500 
and 9,700 Bp obtained for peats laid down behind two. of 
the outermost Pyrenean moraines”. The apparent absent 
in the area under review of valley deposits demonstrab 

older than the Condat Tufa, though surprising in view 
the very long and complex sequence of glacial episode: 
that has been identified in the caves of Périgord", accords 
with the dearth of evidence for pre-Wiirm glaciations in © 
the Pyrenees’® and with the finding that only one, — 
‘rather recent’, glacial phase is represented in the upper. 
Dordogne”. Moreover, neither Fénelon nor Bourgon 
succeeded in identifying slope deposits older than the 
Wiirm?*. As in the Mediterranean Basin”, we can either 
postulate that evidence for earlier glacial episodes has been 
destroyed" or take the field record at its face value when 
attempting climatic reconstructions. 





Limeuil 
alluvium 


Condat 


Montignac 
formation 


Pe a er eC go’ 


Height {m} 
4 


Dc Ne a wig wi 00 ee 
0 Be Oe Se ats } i RI ae A eee ~- 





Fig. 2 Schematic section of valley fills. 
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rassland species can influence the 
abundance of microbes on each other’s roots 


NEIGHBOURING plants usually influence each other’s growth. 
These interactions are very important in determining the com- 
position and structure of plant communities, but much remains 
‘to be discovered about the mechanisms by which plants influ- 
-ence each other. Often plants compete for requirements such as 
fight and mineral nutrients. Some plants exude substances 
which are toxic to others. Another possibility, as yet un- 
explored, is that interactions occur through changes in the 
microbial populations on the root surface or in the rhizosphere 
(the soil near the root surface). It is known that rhizosphere and 
root surface microorganisms can affect the plant’s nutrient 
uptake and growth*®, but up to now there has been no evidence 
on whether plant species which naturally grow together can 
influence each other's microbial populations. We present here 
such evidence for two species common in British lowland 
grassland, Lolium perenne L. (perennial ryegrass) and Plantago 
lanceolata L. (ribwort plantain, a dicotyledonous species). 

Seeds of the two species were collected from a permanent 
grassland site near Bristol. Soil was collected from a neighbour- 
ing field where both species also occur. The soil was mixed and 
placed in pots 13 cm in diameter; it was not sterilised, nor was 
fertiliser added. Seeds were germinated in vermiculite, and four 
seedlings were planted in each pot, either four Lolium, four 
Plantago, or two of each species. 

Two similar experiments were performed. In the first there 
were nine replicate pots per treatment, and in the second ten. 
In the first experiment the plants grew from July until September 
1973, and in the second from November 1973 to February 1974. 
The plants grew in a glasshouse for 2~3 months, and the roots 
were then washed free of soil. Randomly selected root segments 
_ were stained with phenyl acetic aniline blue and the abundance 
-ou of bacteria and fungi on the root surface was determined by 

-direct observation under a microscope: the percentage of the 
root area covered by bacteria was estimated in numerous 
randomly-positioned squares, and the length of fungal mycelium 

-per unit root surface area was determined by the line inter- 

“section method®. The techniques are described in more detail 
elsewhere’. In the second experiment only fungi were determined. 
©- Table 1 summarises the results. In every case the microbial 
_ abundance was greater when the two species were growing 
_ together than when they were separate, and by analysis of 
© variance this main effect (separate/together) was always statistic- 
ally significant. It is true that by Duncan’s multiple range test 
only Lolium showed a significant increase in microorganistms in 
experiment 1, and only Plantago did so in experiment 2. Never- 
theless, both species always showed the trend in the same 
direction. . 

_ We have no direct evidence on how (if at all) the increase in 
© root surface microorganisms influences the higher plants, but 
_ the dry weights, shown in Table 2, are relevant. In experiment 1, 
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Table 1 Percentage cover of bacteria, and fungal mycelium length 
per unit root surface area, on root surfaces of Lolium perenne and 
Plantago lanceolata grown either separately or together 





Bacteria 
Cover %, Mycelium length (mm mm7~*) 
Experiment | Experiment | Experiment 2 
Lolium Plantago Lolium Plantago Loliuin Plantago 


Fungi 


Separate *4.3a S.6ab 07a L8ab 84a 8.8 a 
Together 6.3b 5.8 b 2.1b 29b Ik3a 155b 
Significancet 
Separate/ 

together P < 0.025 P < 0.01 P < 0.001 
Between 

species ns P < 0.025 ns 
Interaction ns ns ns 





F 
* Within each group of four, figures not followed by the same lette 
are significantly different (P < 0, 05) by Duncan's multiple range test. 
t? Results of analysis of variance; ns, not significant. 


Lolium showed an increased shoot weight in the mixture, while 
Plantago showed no change. The total yield by the mixture 
exceeded that of either pure stand (Table 24). In experiment 2 
there was a similar increase of weights in the mixture, though it 
was not quite statistically significant. These results differ from 
the commonest situation in direct competition, where increased 
growth by one species involves reduced growth by another. They 
could be caused by the increased microbial population having 
a beneficial effect on plant growth. Yield increases by mixtures, 
of the sort shown in Table 2b, have been reported previously, 
but do not always occur®™®, A recent survey of the literature on 
two-species and two-variety mixtures in pot and field experi- 
ments (E.I.N., unpublished), found that in 20°4 of cases the 
mixture yielded more than either pure stand. No satisfactory 
explanation has yet been offered as to why some mixtures show 
this increase and others do not, and it is possible that the nature 
of the microbial interactions is one of the factors determining 
this. 





Table 2 Dry weight of shoots (g). Statistical significance expressed 
as in Table | 





a Mean weight per plant*. 


Experiment | Experiment 2 


Lolium Plantago Lolium Plantago 
Separate 0.7l a 0.69 a 0.54 a 0.56 a 
Together 1.01 b 0.69 a 0.71 a 0.62 a 
Significance 
Separate/together P < 0.025 ns 
Between species P < 0.01 ns 
Interaction P < 0.025 ns 
b Mean weight per pot (four plants)*. 

Lolium Plantago 

alone alone Mixture Significance 
Experiment | 2.84 a 2.75 a 3.39b P < 0.025 
Experiment 2 ZA S 2.26a 2.65 a ns 





*Letters (a and b) are for comparisons within each row. 


Clearly the significance of our findings for higher plant 
growth is at present speculative. What we have definitely shown 
is that two plant species which commonly grow together can 
influence each other's root surface microbial population. 

This research was supported by a grant from the Natural 
Environment Research Council. 
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Catalysomes of adipose tissue 
are artefacts of enzyme localisation 


WHEN adipose tissue (insect fat body and gut, mouse 
mesentery) is stained to localise esterases (using 5- 
bromoindoxyl acetate as indigogenic substrate’) or dehydro- 
genases (using various substrates and _ nitro-blue tet- 
razolium’) the reaction product forms a single cap on each 
lipid droplet**'""-". The cap has been thought to be an 
organelle’, perhaps a specialised mitochondrion concerned 
in lipid metabolism’, for which Wigglesworth proposes the 
term catalysome, Although the localisation of the reaction 
products in caps is very precise, the nature of the organelle 
has remained a mystery. In Calpodes fat body, 5-bromoin- 
doxyl acetate always gives one perfect blue cap of the 
indigo reaction product for each lipid droplet (Fig. la) and 
similar localisation is obtained with the dehydrogenases 
(Fig. 16), but further studies have shown that the cataly- 
somes are artefacts caused by the preferential precipitation 
of reaction products in lipid or at lipid—water interfaces. 
Our initial intention was to locate the caps by electron 
microscopy, and thus discover the nature of the organelle. 
In Calpodes larvae, the fourth instar lipid droplets disappear 
and are replaced by a new generation within 24 h of 
ecdysis to the fifth instar (ref. 5). Esterase caps can be 
demonstrated from the moment that the new generation of 
lipid droplets becomes visible by light microscopy, that is 
when they are about the size of mitochondria. Electron 
microscopy (EM), however, showed no organelle preferen- 
tially associated with lipid droplets at this time when such 
an association should have been unmistakable. Esterase 
localisation for EM by the 8-acetoxyquinoline/bismuth 
oxynitrate method of Deimling' also failed to identify any 
esterolytic organelle associated with lipid droplets. Bismuth 
was deposited in mitochondria spread throughout the cyto- 
plasm, and within some droplets (Fig. 2) but no cap-like 
organelle could be discerned. The bismuth precipitate 
associated with lipid which in EM sections often appeared 
to spread from one or occasionally two foci on the peri- 
phery of a droplet (Fig. 2) was seen in whole mounts as a 
large number of spots on the surface of each droplet 


(Fig. lc). 
Our failure to locate the catalysome as well as the rather 
different intracellular localisation of esterase reaction 


product demonstrated by Deimling’s method suggested that 
the validity of the methods that produced the original cap 
localisations should be checked. An alternative substrate 
for the indigogenic demonstration of esterases, 5-bromo-4- 
chloroindoxy! acetate, has greater affinity for protein which 
causes it to be retained more strongly at the site of esterase 
activity’. The cytoplasm of fat body cells reacted intensely 
when this substrate was applied (Fig. 1d), but there was no 
localisation in lipid or caps. The localisation of esterase 
reaction products in caps may thegfore be an artefact 
resulting from lipid solubility of the indoxyl intermediate 
in the indigogenic reaction’. An attempt was made to 
reproduce the artefact on free lipid droplets by mixing 
them with esterase in vitro. Fat bodies were homogenised 
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Fig. 1 Distribution of enzyme reaction products in whole 
mounts of Calpodes fat body: Scale 10 wm. a, Caps of 
indigo on lipid droplets from esterase demonstration with 
5-bromoindoxyl acetate, Insert, indigo caps on olive oil 
droplets. b, Caps of diformazan on lipid droplets from 
NADH diaphorase demonstration using Nitro B.T. Insert, 
caps of diformazan on olive oil droplets. c, Surface spots of 
reaction product on lipid droplets from esterase demonstra- 
tion by Deimling’s method, d, Cytoplasmic indigo precipitate 
with no lipid association from esterase demonstration with 
5-bromo-4-chloroindoxyl acetate. 


in buffer and the homogenate centrifuged at 70,000g for 
I h to produce a discrete fat layer above a supernatant and 
pellet. The supernatant and pellet were taken from below 
the fat layer and added to the indigogenic reaction mixture 
(substrate 5-bromoindoxyl acetate) together with a small 
amount of olive oil which was dispersed by stirring. After 
| h the numerous lipid droplets less than 14 um in diameter 
all carried one indigo cap similar in appearance to those 
produced in intact fat body (Fig. la, insert). No indigo 
precipitates were obtained in a control mixture lacking 
esterase. Repetition of the experiment adding only the 
supernatant to the indigogenic reaction mixture also pro- 
duced single caps on droplets. 

Since esterase localisation in caps seems to be an artefact, 
the similar localisation of various dehydrogenases must also 
be questioned. Eight dehydrogenases have been reported to 
be localised in the caps on lipid droplets’. But since the 
final reaction in all of these histochemical tests involves a 
common enzyme ‘Nitro B.T. reductase’ the existence of 
an artefact common to all reaction mixtures can be 
decided using a mixture for a single dehydrogenase, We 
chose to investigate the most active, NADH diaphorase. A 
homogenate of Calpodes fat body was prepared as des- 
cribed previously and two fractions taken from it, the 
supernatant and a mixed supernatant and pellet. These 
were added to the NADH diaphorase reaction mixture. 
After 1 h caps of formazan had formed on many lipid 
droplets in the mixture containing pellet and supernatant 
(Fig. 1b insert). In contrast to the indigogenic result two 
or more caps per droplet was the most common situation 
whith suggests a difference from the localisation reported 
in tissue. In our experiments, however, incubations of live 
fat body to demonstrate NADH diaphorase generally 
resulted in a small number of caps per lipid droplet (Fig. 
1b). No caps were produced on lipid droplets in the super- 
natant fraction, a predictable result since NADH dia- 
phorase is considered to be mitochondrial. These experi- 





in mito- 


localised 
chondria and lipid droplets in Calpodes fat body from 
esterase demonstration by Deimling’s method. Scale 1 pm. 


Fig. 2 Reaction product (arrowed) 


ments provide strong evidence that the cap localisation of 
dehydrogenases is an artefact of Nitro B.T. formazan’s 
attraction for lipid-water interfaces. This attraction has 
been observed in histochemical practice’ and has been 
demonstrated recently in vitro’. 
We thank Dr O. v. Deimling for providing the 8- 
acetoxyquinoline. 
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Genetic response 
to environmental heterogeneity 


Oxe of the major problems of contemporary population genetics 
is how to account for the large amount of genetic variation 
occurring in natural populations. Considerable controversy 
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exists between those people proposing that the variation is 
adaptively neutral, and those arguing that most of the variation 
is maintained by balancing selection. One of the processes of 
balancing selection postulated, is based on the idea that different 
genetic variants are favoured in different environmental niches. 
We report results from an experiment designed to test this 
hypothesis in which populations of Drosophila were exposed to 
experimental environments of various degrees of heterogeneity. 
The rationale is simple—if genetic variation is adaptively 
neutral, all populations should maintain about the same amount 
of genetic variation; if the ‘environmental heterogeneity’ hypo- 
thesis is correct, the degree of genetic variation in a population 
should be correlated with the degree of heterogeneity of its 
environment. 

Eighteen population cages were started on August 20, 1972, 
each consisting of 423 Drosophila pseudoobscura that were F2 
and F3 progenies of gravid females collected at McDonald 
Ranch, Napa County, California during May and June 1972. 
Two females and one male were introduced into each cage from 
each of 141 single female lines. The cages were similar to those 
described by Ayala’ but each contained ten food cups. Four 
environmental factors were varied in the experiments: food, 
yeast, temperature and illumination (see Table 2 for the en- 
vironmental treatments used). In four populations all four 
environmental factors were fixed for any one population. In the 
other 14 populations, one or more environmental factors were 
heterogeneous; that is, these populations were exposed to two 
kinds of food, and/or two kinds of yeast, and so on. The 
number of environmental factors varied were: one in four 
populations, two in five populations, three in two populations, 
and four in three populations, The cages were maintained for 
| yr (12-15 generations) at which time adult females were col- 
lected and assayed for genetic variability using the techniques of 
starch-gel electrophoresis*. Twenty polymorphic enzyme loci 
were studied in all populations except for three cages which we 
had sampled for only 15 loci before they were destroyed 
accidentally. Forty-four individuals or 88 genomes from each 
population were assayed for each enzyme. All cages were 
assayed within 3 weeks. 

Tabie 1 summarises the results. For each group of popula- 
tions we calculated the average (over populations) of hetero- 
zygous individuals observed at each locus. There is a tendency 
for higher levels of heterozygosity in populations exposed to 
greater environmental heterogeneity. The heterozygosity among 
the groups of popuiations is significantly heterogeneous at only 
two loci, Ald and Est-5. 

Table | also shows the average heterozygosity over the 20 
loci studied for each group of populations. The average heter- 
ozygosity gradually increases as the number of heterogeneous 
environmental factors increases from zero to three, but it 
decreases from three to four. Given the large standard errors, 
heterozygosities would not be expected to reflect precisely the 
environmental effects. Yet, the overall trend towards increased 
heterozygosity with increased environmental heterogeneity 
seems well established; the average heterozygosities are signifi- 
cantly heterogeneous. An analysis of variance based on the locus 
heterozygosities for all cages shows that treatment (number of 
environmental factors heterogeneous) has a significant effect 
(P = 0.01). The heterozygosity values for each population have 
also been calculated using only the 15 loci assayed in all popula- 
tions. The results do not differ in any significant way from those 
reported in Table 1. 

The average proportion of heterozygotes per locus in the 
nat@ral population from which the experimental flies were 
descended is 0.212 + 0,041 for the 20 polymorphic loci studied. 
This statistic averaged over all 18 experimental populations is 
0.184 + 0.006, In the experimental populations the amount of 
genetice variation has edecreased somewhat on the average, 
although for some groups of populations the average heter- 
ozygosity is ostensibly very similar to that of the natural 
pSpulations. 

Table 2 gives for each environmental factor the heterozy- 
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senate a: 
Table 1 Proportion of heterozygous loci per individual in 18 experimental populations of Drosophila pseudoobscura : 










Loci No. of heterogeneous environmental oe i 

0 1 2 É 
Acph-l 0.080 -+ 0.072 0.062 + 0.011 0.158 + 0.034 0.112 + 0.021 -0.092 = 
Acph-2 0.153 -+ 0.022 0.170 + 0.054 0.134 + 0.020 0.136 + 0.023 OISE 
Ald? 0.165 + 0.022 0.098 = 0.008 0.170 + 0.019 0.2957 0.242: 
Aph-l 0.193 -+ 0.034 0.227 + 0.031 0.273 + 0.040 0.273 + 0.000 0.235 2:'0 
Aph-2 0.107 + 0.019 0.119 + 0.023 0.145 + 0.026 0.193 + 0.011 0.091 +€ 
Est-4 0.040 +. 0.019 0.074 + 0.014 0.050 +- 0.018 0.125 -+ 0.057 0.023 + 
Est-5§ 0.341 =. 0.089 0.528 -+ 0.035 0.591 + 0.047 0.528 =. 0.063 0.568 +- 
G3pdh 0.080 =. 0.015 0.091 + 0.052 0.148 +. 0.022 0.1367 0.114 E 
Hk-] 0.074 =. 0.044 0.102 =. 0.035 0.052 -+- 0.021 0.068 + 0.000 0.053 -+ 
Hk-4 0.040 = 0.017 0.098 = 0.008 0.091 +. 0.023 0.023 = 0.023 0.045 +: 
Idh 0.000 =. 0.000 0.000 -+ 0.000 0.014 +. 0.009 0.011 + 0.011 0.000 = 
Lap 0.146 ~ 0.058 0.250 + 0.093 0.250 + 0.025 0.223 +- 0.073 0.280 -+ | 
Me-2 0.165 =- 0.023 0.176 - 0.025 0.186 + 0.023 0.159 -+ 0.000 0.136 = | S 
Mah 0.091 + 0.076 0.061 =. 0.061 0.195 + 0.077 0.000 + 0.000 0.030 + 
Odh 0.136 +. 0.044 0.091 + 0.023 0.068 +. 0.054 0.227+ 0.068 + 
Pem 0.318 -4 0.132 0.398 Ea 0.03! 0.472 + 0.091 0.750 st 0.114 0.470 me 
Tpi-l 0.017 + 0.017 0.011 +. 0.011 0.018 + 0.018 0.000 +- 0.000 0.000 -+ 
Tpi-2 0.023 =. 0.009 0.228 + 0.134 0.045 =. 0.034 0.023 +- 0.023 0.038 + 
Xdh 0.523 =. 0.091 0.652 -+ 0.053 0.631 + 0.057 0.5007 0.689 + | 
Average* hee 
20 loci 0.146 -+ 0.029 0.186 + 0.038 0.201 -- 0.040 0.208 -+ 0.045 0.186 + 
17 loci 0.159 + 0.032 0.193 = 0.044 0.217 -+ 0.046 0.224 + 0.052 0.204 + 


* Averages have been calculated for all 20 loci sampled, as well as separately for 17 loci not located on the third chromosome. Ana y 


* 


P< 0.01. 
t Only one cage sampled. 


+ Analysis of variance shows significant heterogeneity among the cages with different numbers of heterogeneous factors (classes 3 and 4 hav 


been combined), P < 0.01. 
§ P < 0.005. 


gosities in populations exposed to each of two environments or 
to both. The values in Table 2 were obtained by averaging the 
average heterozygosities of the appropriate experimental 
populations. For every factor, populations exposed to hetero- 
geneous environments have, on the average, greater amounts of 
genetic variation than populations exposed to uniform environ- 
ments. The differences are highly significant for temperature and 
yeast, less so for food, and are statistically insignificant for light. 

The idea that genetic polymorphism can be maintained by 
selection favouring two or more phenotypes in the same popula- 
tion is not new?*. Indeed, mathematical treatments of the 
subject have existed for 20 yr (refs 5 and 8). In spite of this early 
theoretical interest, field and laboratory data in support of 
multiple-niche polymorphism are far from extensive. The early 
work of Cain and Sheppard? gave some indication that shell 
colour in Cepaea was related to the variety of habitats in which 
it was found. Likewise Da Cunha ex al? presented evidence for 
a positive correlation between the frequency of gene arrange- 
ments in D. willistoni and the degree of habitat diversity. 
Laboratory experiments to demonstrate that polymorphism can 
be maintained by diversifying selection were carried out by 
Thoday and Boam"™ and Clarke and Sheppard!” on the level of 
quantitative characters in D. melanogaster and P. dardanus 
respectively, and by Beardmore and his colleagues’? on the 
esterase-6 locus in D. melanogaster. More recently Powell has 
reported the results of an experiment carried out in population 
cages with D. willistoni. Having an experimental design similar 


Table 2 Average heterozygosities for populations exposed to a 
given treatment 


Factor i 2 1/2 des 
Food O.18t = 0.021 0.173 = 0.014 0.192 + 0.004 1.90f 
Yeast 0.176 + 0.010 0.161 + 0.012 0.194 + 0.004 2.931 
Temperature 0.168 =- 0.012 0.176 -+ 0.012 0.207 + 0.006 4.738 


Light 0.168 + 0.012 0.192 : 0.011 9.193 + 0.007 1.38 


1, Spassky’s food, baker's yeast, 16° C, dark: 2, cornmeal! medium, 
brewer's yeast, 25° C, light; 1/2, both | ang 2 present. * 
* One-sided Student’s 7 test calculated on the assumption of same 
variance for all three groups of populations within a given treatment. 
t P < 0.050. 
ł P < 0.025. 
§ P < 0.005. 


variance using the interaction term as error show significant heterogeneity among the cages with different numbers of heterogeneous fact 

















. 


to our own, Powell surveyed 13 populations for 22 enzyme loci 
and found that the average heterozygosity per individual was. 
higher in populations maintained in heterogeneous environ- 
ments than in populations in more constant environments: 
Since D. willistoni flies are polymorphic for multiple chromo- 
somal inversions, however, it has been argued that the inversion 
polymorphisms and not the single loci may have been the direct 
targets of balancing selection in Powells experiment’. Thi 
ambiguity does not arise in our experiment. The strains of 
D. pseudoobscura used to initiate our populations carry inver~ 
sions only in the third chromosomes. Seventeen of the loc 
assayed in our study are located in chromosomes other than th 
third. The heterozygosities calculated using only these 17 lo 
are given in Table 1. Clearly, populations exposed to hetero- 
geneous environments maintained more genetic variation than 
populations living in uniform environments. The parameter 
given in Table 2 have also been calculated for the 17 loci know 
to be in chromosomes other than the third. The results do.no 
differ in any significant way from those obtained when all 20. 
loci are used. t 

Since our experiment was designed to test a model of selection- 
we have taken care to minimise the role of random drift. Drift 
could have been a significant factor on the population hetero- 
zygosities if the population size were small at the start orat 
any time during the experiment. Each cage was started with 846 
genomes (2 x 423 flies) descended from 282 wild flies (141. 
females and their mates); the number of flies in a cage was never 
smaller than 500. 

In conclusion, our results indicate an overall positive correla- 
tion between environmental diversity and genetic polymorphism, 
and therefore support the notion that genetic variation is main- 
tained in natural populations by selection. 

This work was supported by a contract from the US Atomic 
Energy Commission. 





š JOHN F. MCDONALD — 
FRANCISCO J. AYALA. 
Department of Genetics, T 
University of California, 
Davis, California 95616 


Received February 14; revised June 14, 1974. 
! Ayala, F. J., Drosophila Information Serv., 43, 185 (1968), 








574 


* Ayala, F. J., Powell, J. R., Tracey, M. L., Mourão, C. A., and 
Pérez-Salas, S., Genetics 70, 113-139 (1972). 

* Dobzhansky, Th., Genetics and the origin of species (Columbia 
University Press, New York, 1951). 

* Mather, K., Evolution 9, 52-61 (1955). 

5 Ludwig, W., Zool. Anzeiger (Neue Ergebniße und Probleme der 
Zoologie) 145, 516-537 (1950). 

® Levene, H., Am. Naturalist, 87, 331-333 (1953). 

7 Li, C. C., Am. Naturalist, 89, 281-296 (1955). 

® Dempster, E. R., Symp. quant. Biol., 20, 25-32 (1955). 

2 ay A. J., and Sheppard, P. M., Am. Naturalist, 88, 321-326 
1954). 

1° Da Cunha, A. B., Burla, B. H., and Dobzhansky, Th., Evolution, 
4, 212-235 (1950). , 

1 Thoday, J. M., and Boam, T. B., Heredity, 13, 205-218 (1959). 

12 Clarke, C. A., and Sheppard, P. M., Heredity, 14, 163-173 (1960). 

+3 Beardmore, J., in Essays in honor of Theodosius Dobzhansky, 
299--313 (Appleton-Century-Crofts, New York, 1970). 

** Powell, J. R., Science, 174, 1035-1036 (1971). 

13 King, J. L., Science, 176, 545 (1972). 


baa a E E A a S E E E EE aa E T A SA IETS 





Inferred slow inward current in snail neurones 


A NUMBER of excitable membranes exhibit a long-lasting 
depression of the delayed outward current during a depolarising 
pulse. One explanation is that there is a true inactivation of 
potassium gates'~*, and another is that it is due to an accumu- 
lation of potassium ions in a limited volume extracellular space, 
reducing the electric driving force for potassium ions®™*. We 
have examined the relationship between the depression of net 
outward current and concomitant changes in potassium ion 
activity recorded with a potassium-sensitive microelectrode 
positioned close to the surface of monopolar ganglion cells of 
the snail Helix pomatia. 

Experiments were performed on two bursting pacemaker 
neurones in the right parietal ganglion®. One of these produces 
no fast outward current®~* and is therefore useful as a control 
for possible artefacts due to activation or inactivation of an 
additional outward current. Electrodes of 2-20 MQ, filled with 
3 M KCI, were inserted into exposed cell bodies. The preparation 
was bathed in Ringer's solution!’ with 5 mM HEPES (N-2- 
hydroxyethyl-piperazine-2-ethane sulphonic acid: Servo, Heidel- 
berg) buffer in place of Tris at a temperature of 13° C-15° C. The 
electrochemical activity of K+ was monitored at distances below 
50 um from the visible cell surface with a double-barrelled 
potassium sensing electrode. One barrel contained the K+ selec- 
tive resin while the other barrel, containing 0.15 M NaCl, acted 
as a reference for the pair“. The resolution time constant for 
transients in K* activity was below 20 ms. Membrane current 
during voltage clamping of the cell was measured with glass 
pipettes from a limited area of the soma surface (50-80 um in 
diameter) by the patch clamp technique!”. This avoided current 
transients from unclamped regions of the neurone. All signals 
were stored on tape and averaged by a Didac computer. Net 
charge transfer across the membrane (integral of the current 
signal) was compared with net K+ flux (time integral of the 
K t-activity signal). 

The major features characterising depression of delayed out- 
ward current can be seen in Fig. la. Long depolarising pulses 
produced a delayed outward current which gradually decayed 
to about 60%, or less of its maximum intensity with a time con- 
stant of 300 to 700 ms (refs 1, 7). The presentation of paired 
short pulses of equal amplitude and duration demonstrated that 
long term depression of the slow outward current persisted even 
though the voltage was returned to the holding level between a 
conditioning pulse (pulse 1) and a test pulse (pulse 2). For a 
time interval of up to 1 s, the delayed current produced by the 
second pulse sometimes even failed to reach the level of the 
current produced at the same point in time by the prolonged 
first pulse. Recovery from depression of the pulse 2 outward 
current occurred with a time constant of up to 10 s. The length 
of pulse | necessary to depress the test pulse current corresponded 
with the rise of the pulse 1 outward current. Prolongation of 
pulse 1 beyond its peak did not produce much further depression 
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Fig. 1 a, Superimposed series of a conditioning, test pulse experi- 
ment. Voltage programme, at the top (holding potential —58 mV), 
current traces below. Pulse | is held at a fixed position while pulse 
2 is delivered with various delays to show the envelop of the out- 
ward current depression. A single pulse of equal voltage but longer 
duration (650 ms) is also superimposed. b, Depression of pulse 2 
current by increasing amplitude of pulse 1. Same cell and holding 
potential as in a. Small numbers identify corresponding sequences. 
Pulse 2 current slopes numbered 5 and 6 rise from considerably 
higher instantaneous currents as an aftereffect of the large pulse | 
currents. The pulse | current during the 120 mV step® is not 
displayed. 


of the pulse 2 current!. This, together with the failure of sub- 
threshold conditioning pulses to produce the phenomenon, 
suggests that the activation of the current gates during pulse | 
may be causally related to the time-dependent depression of the 
pulse 2 outward current. Increasing pulse | further reduced 
pulse 2 currents, but only slightly (Fig. 14). The maximum 
effect was reached at positive membrane voltages of pulse 1 


The kinetics of closing of the activated gates at the termination 
of pulse I can be determined from the instantaneous current steps 
which appeared at the onset of subsequent pulses 2 at short 
intervals (Fig. la). The depression of pulse 2 current was much 
longer-lasting and must therefore have arisen by a different 
mechanism. In bursting pacemaker cells, the rising phase of 
pulse 2 outward currents is always considerably slower than that 
of pulse | (Fig. 2a, 6), which may contribute to the failure of 
pulse 2 currents to reach the current level during maintained 
voltage steps (Fig. la). Although the pulse 2 outward current 
increased up to 30° if hyperpolarisation up to —-150 mV pre- 
ceded pulse 2, the retardation of the current remained and 
became more pronounced during the early part of the outward 
current trajectory. 
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Fig.2 a, Left, averaged pulse | and pulse 2 currents (D (2 = 8) of 


normalised to same peak amplitude to show retardation in rising 

phase of pulse 2 current (digitalised display). Right, after normalisa- 

fion, pulse | current subtracted from (enlarged) pulse 2 current: 
inward current downwards. Pulse | current is superimposed. 
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The long-lasting depression of outward current provided a 
convenient situation for comparing the depression of net out- 
ward current during pulse 2 with the concomitant reduction in 
K+ accumulation at the outer neuronal surface using the K- 
specific microelectrode (Figs 2~4). We standardised the pause 
between pulses 1 and 2 at 1,000 ms and delivered paired pulses 
at a repetition rate of once every 30 s to allow time for complete 
recovery from depression. The ratio Q(2:1) was obtained by 
dividing the time integral of net outward current during pulse 2 
by the equivalent integral during pulse 1 and was found to be 
0.51 -0.12 (s.d.). 

Since the outward current ceases almost immediately on 
termination of the pulse, accumulated extracellular K* (AK*) 
should dissipate and its concentration fall progressively from 
the relatively early peak after the pulse is terminated. The role 
of K+ accumulation was tested directly by measuring the K+ 
activity with the electrode very near or just touching the visible 
cell surface during paired depolarising pulses. Single pulses were 
also applied to determine the baseline activity for the second 
pulse. After 1 s, when pulse 2 was initiated, the potassium signal 
evoked by pulse 1 was less than 15°% of its peak value. Never- 
theless, the outward current during pulse 2 was always depressed 
for periods longer than 1 s when the extracellular K+ activity 
had approached even closer to pre-stimulus levels. Thus it seems 
unlikely that the depression of the pulse 2 net outward current 
is primarily due to extracellular accumulation of potassium ions. 
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Fig. 3 Same experiment (a =12) and voltages as in Fig. 2, with 

pulse 2 of much shorter duration (20 ms). a, Current signal; b, K* 

activity signal. There is an obvious K™ signal following pulse 2, 

concomitant with a predominantly inward going current during 

that pulse. Ratio of outward currents (Q(2:1)) is not proportional 

to the ratio of K* signals (FK(2:1)). Current and K* activity traces 
displayed at different time scales. 


If it is assumed that the net outward current recorded under 
voltage clamp conditions is a pure potassium current, it follows 
that potassium activity changes recorded near the cell surface 
should parallel quantitatively the net charge transfer produced 
by the outward current. That is, the ratio Q(2:1) should equal 
the ratio FK(2:1) (K flux during pulse 2/K flux during pulse 1) 
for any pair of pulses. From Figs 2 and 4 it is evident that 
FK(2:1)< 1; that is, K* efflux is reduced, as would be expected 
if the K channels are partially inactivated during pulse 2. 
Quantitative comparison, however, indicates that there is a 
‘deficit’ in the net outward current of pulse 2 2 relative to the Kt 
signal. In Fig. 2a this is obvious from the peak of the K+ signal 
of pulse 2 which is more than half of the K+ peak of pulse 1, 
whereas the ratio of the amplitudes of currents 2 and 1 is legs 
than 0.5. This deficit (FK(2:1)—Q(2:1)) ranged from 0.10 to 



















































0.25 in various units studied. The deficit in net current is most | 
readily explained as the result of an inward current which makes. 
its appearance during pulse 2 and shortcircuits a portion of th 
K> efflux. Such an inward current would result in a net charge: 
transfer during pulse 2 lower than that transferred by K* effi 
and thus explain the deficit of net outward current recorde 
during pulse 2 relative to the K+ signal. n 
The presence of a previously unrecognised slow i inw: od 
receives further support from a comparison of the | : 
the outward currents of pulses 1 and 2 (Fig. 2a, b). The trajectory. 
of the outward current characteristically has a slower rising 
phase during pulse 2 than during pulse 1 when the currents were. 
normalised. (Normalisation was carried out by three methods. I In ue 
the first, the pulse 2 current was simply additionally ¢ e 
to bring the current peaks of the two pulses to the same ampli- ae 
tude. In the second, the exponential falling phases of the current 
pulses were extrapolated back to the beginnings of the pulses. 
and the pulse 2 current was then additionally amplified, so 
the extrapolated decays began from the same amplitude. I 
third method of normalisation the averaged pulse 1. < 
trajectory was reduced in proportion to the ratio FK i 
then subtracted from the averaged trajectory of pulse 
currents determined by those three methods differ 
slightly.) Comparison of current traces in Fig. 2a and 25s 
that the ‘slow inward current’ obtained by subtracting no 
ised pulses 1 from pulses 2 has a far slower time course than the 
fast inward current. ` 
The difference in the trajectory of. the outward current 
pulses | and 2 was displayed by electronically subtracting, afte 
normalisation, the averaged trajectories of pulse 1 currents fro 
those of the enlarged pulse 2 currents from the same neuro 
(Fig. 26). The result is a trajectory with a peak 20 to 50 ms after 
the onset of the current pulse, that is, during the rising phase of 
the outward current of pulse 1. The time integral of this defic 
in pulse 2 current in the different cells was —0.08 to. — 
times that of the corresponding pulse 1 currents and was alw 
found comparable with the deficit in net outward curre 
obtained by determining FK(2:1)—Q(2:1). 
We conclude that the long-term suppression of net outward 
current by a conditioning pulse consists of two components. The 
chief component is a true time and voltage-dependent inactiva- 
tion of the delayed potassium system, similar in some respects to 
the inactivation of the sodium system described by Hodgkin and 
Huxley!®. It is also manifested as a reduction in pulse 2 extra- 
cellular potassium accumulation relative to accumulation during 
pulse 1. Since it develops during interpulse periods with pulse 
durationsapproximating the duration of the action potential (Fig. 
4), the inactivation contributing to the depression of outward 
current described here seems more likely to have functional im- 
portance under physiological conditions than any reduction in 
outward current which may be produced by the extracellular. 
accumula tion of K+ with prolonged depolarising pulses’. The 
second component contributing to depression ofdelayedoutward 
current during pulse 2 seems to be a previously unrecognised © : 
inward current which partially shortcircuits the outward 
potassium current. Its existence is supported by several inde- 
pendent lines of evidence: first, the reduction in K* efflux during 
pulse 2, resulting from a true K+ inactivation, is smaller than 
the reduction in net outward current (Fig. 2a); second, at any 
given time after pulse 1 (up to 1 or 2s) the peak outward current = — 
produced by pulse 2 does not reach the level of outward current = 
produced at that time by the prolongation of pulse 1 (Fig. la). ~. 
In addition, the rising phase of pulse 2 exhibits slower kinetics — 
than that of pulse 1, consistent with a superimposed delayed | 
inward current (Fig. 2b). í 
Certain molluscan neurones have a fast outward potassiu 
current which is activated by conditioning hyperpolarisation. 
inactivated by depolarisation®~*. Inactivation of a fast cur: 
might produce the observed slowing of the pulse 2 outwarc 
current. This source of artefact can, however, be ruled out for 
several reasons, the most important of which is the use of burst- 
ing pacemaker cells (Figs 1-3) which fail to show a fast: 
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Fig. 4 a, Currents | and 2 evoked by -+ 65 mV steps each of 30 ms 
duration from a holding potential of —45 mV. Simultaneous 
sampling of K* signals is shown in b (#=:25). The superimposed 
averaged trajectory of single pulses is given by heavier dots. 
c, Ratios of pulse 2 to pulse | outward current integrals (Q(271)) 
and corresponding ratios of potassium fluxes (FK(2:1)) of this cell 
plotted as a function of pulse duration. Duration of pulse | and 2 
was kept equal and was varied in unison. At shorter pulse 
durations the difference between K* flux and charge transfer 
(FRK(2:1) ~ Q(2:1)) becomes smaller, but does not disappear. 


ward current even if given a strong hyperpolarisingconditioning 
pulse. Also, the deficit of pulse 2 outward current relative to 
measured K * accumulation cannot be explained by the inactiva- 
tion of a fast outward current. In cells with a fast outward 
current this deficit was seen whether or not the fast outward 
current was activated. 

The delayed inward current is difficult to identify and measure 
during pulse |; its appearance or augmentation during pulse 2 
has been demonstrated by using the pulse Í current as a control 
for the pulse 2 current. It is nevertheless interesting that the 
activation of this inward current, unlike the other membrane 
current components, 1s facilitated by a preceding depolarisation, 
The two components of delayed outward current depression. 
true inactivation of the K+ system and activation of a slow 
inward current, presumably both contribute to the progressive 
increase in spike duration, overshoot and positive shift in post- 
spike undershoot, which occur during the initial half dozen or so 
spikes of the train comprising a ‘burst’. The ionic identity of the 
slow inward current and its possible role in neuronal bursting 
remain to be ascertained. 
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Neuromuscular blocking action of an 
alkylating local anaesthetic: site of action 
and effects of temperature and calcium ions 


THE mechanism by which local anaesthetics block neuro- 
muscular transmission has been under investigation for 
many years. Most of the evidence suggests that these drugs 
act primarily on nerve terminals either to inhibit acetyl- 
choline (ACh) release'~’ or exert some other effects’. How- 
ever, other workers have shown inhibition of ACh recep- 
torë or direct depression of muscle excitability". Inhibi- 
tion of nerve conduction apparently has been ruled out as 
contributing to the blockade in rat phrenic nerve-dia- 
phragm* or cat soleus nerve-muscle preparations’. 

In an attempt to determine the primary site of action 
of these drugs we have used the recently synthesised £- 
haloethyl amine compound, 2-[(2-chloroethyl) methlamino] 
ethyl 4-ethoxybenzoate, which irreversibly blocks nerve 
conduction” as well as neuromuscular transmission’. We 
report here that when phrenic nerve-diaphragm transmis- 
sion is irreversibly blocked, the compound has essentially 
no effect on the excitability of nerve or muscle. From this 
we conclude that the action of the irreversible local anaes- 
thetic in this preparation is confined to the junctional 
region, 

The rat phrenic nerve-diaphragm preparation was set up 
by conventional means? for stimulation of the muscle 
either directly or through the nerve (indirect). Figure Í 
shows the effect of the compound on contractions elicited 
by both types of stimulation: the compound blocked in- 
direct contractions with no effect on directly elicited con- 
tractions. This occurred whether the drug was in the bath 
or removed by washout. When the phrenic nerve was re- 
moved at the time of irreversible block of indirect contrac- 
tions, it still maintained excitation and conduction proper- 
ties. Irreversible block of these electrical responses in vitro 
required a concentration of drug about five times greater 
than that needed for irreversible block of transmission’’. 

These findings show that blockade of transmission by 
the compound is confined to the junction. The physico- 
chemical properties of the compound probably account for 
this selective action, unlike procaine which depresses both 
direct and indirect contractions concommitantly. At the 
pH of the bath we used (7.4) the compound exists almost 
exclusively in the aziridintum or positively charged form’? 
and thus cannot penetrate well to the active membranes of 
nerve or muscle. On the other hand, the compound evi- 
dently can readily reach the unmyelinated nerve terminal 
membrane or post-junctional region, where it combines 
irreversibly with some receptor. 

ə If the drug was washed out after a fairly short time of 
contact with the tissue, for example, 10 min, the observed 
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Fig. 1 Neuromuscular blocking action of 2-[(2-chloroethyl)- 


methylaminojethyl 4-ethoxybenzoate, 0.2 mg ml”, applied 
to rat phrenic nerve-diaphragm preparation. Even in the 
presence of the drug, the directly elicited contraction was 
unaffected. On the other hand, the indirect twitch was 
abolished. The irreversible nature of the latter effect is 
indicated by the complete block even 2 h after washing. 


block of contraction was reversed completely, indicating a 
two step inhibitory mechanism similar to that observed 
with other receptor alkylating agents”. 

If the tissue was pretreated with decamethonium or 
d-tubocurarine at concentrations sufficient to block transmis- 
sion completely, application of the compound still resulted 
in irreversible blockade after washout. This procedure has 
been shown’™™ to protect the active site on the ACh 
receptor against irreversible reaction with a-bungarotoxin. 
Based on this finding, we think it most likely that a recep- 
tor for local anaesthetics exists on the nerve terminal and 
that it can undergo the same type of alkylation reaction 
exhibited by receptors for neurohormones. 

To obtain thermodynamic data for reaction with the 
receptor, the temperature dependence of rate of irreversible 
block of transmission was determined as follows. Before the 
drug was added, the nerve was stimulated with gradually 
increasing voltage, from threshold to the maximum for 
eliciting contraction of the muscle. This gave control 
voltage-response curves. This procedure was repeated at 
various times after the drug had been added to the bath 
and washed out, giving data for the irreversible change in 
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Fig. 2 Semi-log plot of rate of irreversible block of im- 

directly elicited twitch of the phreyjc-nerve diaphragm by 

2-{(2-chloroethy)methylaminolethy! 4-ethoxybenzoate, Rate 

of block was determined from midpoints of the voltage- 

setae _curve after washing out the drug (see text for 

details), ©), A at 30° C=0.037 min`’; A, kat 15° C=0.3 
min” 
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sensitivity. The initial effect of the drug was to shift the 
voltage-response curve to the right without reducing the 
maximum: with increasing time, the maximum declined 
and ultimately contractions could not be elicited at any 
voltage. The midpoints of the curves were plotted as log 
percentage change in voltage against time; straight lines 
were obtained (Fig. 2). | 

fe is interesting that the rate constant at 15% C was much“ 3 

eater than at 30°C; this was not anticipated since _ 
N reactions would be expected to show a po ee 
temperature dependence. Other findings indicated that the - o 
actual rate of reaction of the drug with the receptor- iso 
much lower at the low than the high temperature, Tf the. ne 
tissue was incubated with the drug at 15° C to give come = o 
plete irreversible block and the temperature raised to 30 Coo 
transmission was completely restored (Fig. 3). This i din 
cates that during the time of reaction at 15°C only a 
small fraction of the receptors had reacted, but this w 
sufficient to produce the complete block at this tempera- 
ture. Another possibility is that reversal of block was” due 
to cleavage of the drug-receptor bond at the higher te: 
perature. To test this, the degree of reversal was deter- 
mined when the temperature was progressively raised. from 
15° to 30° C and then lowered back to 15° (Fig. 4). ‘The 
two curves are almost identical and thus the reversal of the 
block produced by raising the temperature was not due | 
to a change in receptor occupancy. In addition, if the drug © 
was applied at 30° C for a time during which no significant 
irreversible shift in the voltage-response curve was observed, 
lowering the temperature to I5° C resulted in inhibition 
of contractions. 
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Fig. 3 Effect of increasing temperature of bath after apple io 
cation and washout of 2-4(2- -cchloroethy)methylamino] 4 cho 
ethoxybenzoate, 0.2 mg mi~’, for 30 min. The indirect twitch i oci 
was irreversibly blocked at 15° C and progressive increase ini 
temperature resulted in relief of block. At 30°C the res: 
ponse was almost that of the 30° C control, which usual 
was somewhat smaller than at 15° C. Reduction of the ter 
perature back to 15° C resulted in return of the block. 


These results indicate that the number of receptor 
acting irreversibly is directly related to temperature Y 
as the rate of block is inversely temperature depe 
Thus the rate of receptor alkylation cannot be dete 
pharmacologically since there appears to be no dir¢ 
tionship between absolute number of receptors Í 
anf the degree of neuromuscular block, This wi 
by the fact that although the same number of; 
was occupied by the drug at 15° and 30°C, the 
the block differed. One possible explanation for 
blockade at the lower temperature in spite of 
fraction of receptors occupied is that fewer ney 
are involved in transmission at the lower / 





Hence, occupation of a smaller fraction of nerve terminal 
receptors would be sufficient to block contractions. In sup- 
port of this concept, Taylor reported that the output of 
acetylcholine is about 80% lower at 20°C as compared 
with 37° C in this preparation”. 

It is well documented that curare-like drugs also show 
an inverse temperature dependence for potency of neuro- 
muscular blockade”'". This has been interpreted in terms 
of a temperature-dependent dissociation of the drugs from 
the ACh receptor’ or to temperature dependent solubility 
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Fig. 4 Effect of progressive increases of temperature from 
15° C to 30° C (2) and the subsequent return to 15° C (@) 
on a preparation blocked irreversibly at 15° C, The degree 
of irreversible block was not significantly affected by the 
increase in temperature, and thus the appearance of con- 
tractions did not result from dealkylation of receptors. 
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of the drugs in the post-synaptic membrane*’. We have 
found that blockade of transmission by procaine shows-a 
similar inverse temperature dependence. In view of the 
results reported here for the irreversibly acting compound, 
the explanation for temperature dependence of blockade by 
reversibly acting drugs may have to be revised. 

The effects of calcium on the voltage-response curve of 
the alkylating compound and on procaine are shown in 
Fig. 5. In this concentration range, calcium had no effect 
on excitability of the preparation. Calcium ions had a 
diphasic effect on the irreversible compound, promoting its 
potency at low concentrations, inhibiting its blocking action 
at higher concentrations. On the other hand, calcium only 
inhibited procaine blockade of transmission. The potency of 
the alkylating compound was also enhanced when the pre- 
paration was stimulated tetanically or if the potassium ion 
concentration was increased. These conditions produce 
nerve terminal depolarisation. Since the compound was 
present primarily in the quaternary ammonium form, it 
would not penetrate well through the nerve terminal 
membrane. Penetration seems to have been promoted by 
depolarising conditions as manifested by the enhanced 
potency observed. These results are in harmony with 
Narahashi’s evidence that the site of action of local anes- 
thetics is the inner surface of nerve axon membranes”. 
Higher concentrations of calcium ions probably reduce the 
rate of irreversible reaction of the aziridinium compound 
with its receptor by a competetive mechanism as observed 
On various nerve axons for reversible local anaesthetics”. 
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Temperature-sensitive mutation 
affecting myofilament assembly 
in Caenorhabditis elegans 


THe assembly of contractile and calcium-related regulatory 
proteins into functioning myofilament arrays within muscle 
cells and the genetic control of muscle differentiation are 
still largely unknown processes' *. Here we present evidence 
that a particular gene may regulate such lattice assembly 
in the body wall muscle cells of the nematode Caenor- 
habditis elegans. A temperature-sensitive mutation in this 
gene can prevent the appearance of normal myofilament 
lattices in this muscle without affecting the amounts of 
major contractile proteins present. The organised or defec- 
tive adult structures once formed in mutant muscle are 
stable to changes in temperature. 

The recessive mutation e286 is induced by ethyl methane- 
sulphonate on chromosome III of Caenorhabditis elegans 
(strain collection of Dr Sydney Brenner)’’. This mutagen 
has proved of great use in producing temperature-sensitive 
mutations in Drosophila’. N, (wild type) nematodes are 
highly motile between 15° and 25° C. The locomotive and 
reproductive rates of these animals increase over this 
temperature range. In contrast, when grown above 20° C, 
E286 animals are paralysed with only very slow body 
movements apparent and they reproduce at a diminished 
rate. At 15° C, the movement and growth of E286 mutants 
is indistinguishable from N; populations. At both tempera- 
tures, the pharyngeal muscle in mutants behaves normally. 
+ /e286 heterozygotes are not affected behaviourally or 
structurally by growth at either temperature. Thus, one 
genic dose of normal function is sufficient to overcome the 
presence of a mutant gene or its product. 

If mutant eggs (chitin-encased embryos) are permitted 
to develop and hatch at 15° C, switching the temperature 
to 25° C will lead to paralysed larvae and adults. Con- 
versely, mutant embryos hatching at 25° C will develop 
into motile adults by growth at 15° C. Such reversal of 
phenotype can be performed throughout the four larval 
stages of these nematodes. Behavioural reversibility at the 
L: stage is demonstrated in Table 1. But when the sexually 
mature adult stage is reached, the phenotype is stable to 
temperature change within the above range. Maintenance 
of paralysed adults at 15° C or of motile adults at 25° C 
for periods up to several days (compare to 3 d generation 
time) does not alter either body movement, or the 
characteristic body wall muscle structure of either form 
(Fig. 1). Motile E286 adults have body wall muscle cells 
exhibiting periodic sarcomeric structures such as A bands, 
| bands, dense bodies, and H zones that are very similar to 
N. muscle elements as observed with the polarised light 
microscope. Paralysed E286 adults do not exhibit these 
regular structures in their body wall muscle. When the 
body wall muscle cells of E286 animals grown at either 
temperature are examined by electron microscopy, ultra- 
structural differences between the two populations are 
observed. The 15° C specimen demonstrates thick filaments 
encircled by parallel arrays of thin filaments (Fig, 2). The 
paralysed 25° C animal also possesses recognisable thick 
filaments. In this case, there does not seem to be any 
specific orientation of thin filaments. Fibrous structures of 
dimensions appropriate to thin filaments appear at various 
angles to the thick filament array. 

This mutation seems to be affecting the formation of 
myofilament arrays during muscle growth periods as 
evidenced by temperature reversibility of phenotype during 
larval development. Adult muscle having constructed its 
myofilament arrays or not is theg unaffected by this 
temperature-sensitive mutant function, Thus, the instability 
of a permanent component of muscle is probably not res- 
ponsible for the loss of structure and function at high 
temperature, 





Fig. 1 Living animals were picked off lawns of Escherichia 
coli. OPSO, and suspended in a 10 pl drop of 0.8 Ascaris 
Ringer's solution (24.5 mM KCl], 11.8 mM CaCl,, 9.8 mM 
MeCl,, 3.9 mM NaCl, and 125.1 mM sodium acetate), A No, 
| or No, 1.5 glass coverslip was then placed over the drop. 
All observations were performed on a Reichert Zetopan 
research microscope fitted with strain-free objective and 
condenser. The uncalibrated magnification determined by 
instrumental and photographic settings was x746. a, N; 
grown at 25° C: h, E286 grown at 15° C; c, E286 grown at 
25° C. All observations were made at an ambient tempera- 
ture of about 23° C, 


lhe relative migration and amounts of several myofila- 
met proteins of E286 grown at either temperature and of 
N. are similar to one another when separated according to 
molecular weight on sodium dodecyl sulphate-polyacryl- 
amide gel slabs’. But % difference in a catalytic or minor 
structural protein present in low relative concentration or 
an alteration not affecting molecular weight would not be 
observed with this method. 
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Table 1 Reversibility of E286 locomotive behaviour 
Temperature, condition* No. of Time (s) for 
(° C) animals 50 beatst 
15 20 20.9 + 1.8 
25-15 20 31.24-8.4 
25 16 157 +74 
15-325 16 189 + 106 


*Animals were either grown through adulthood at one tempera- 
ture or switched at L, stage. All observations were of adults. 

tOne beat is defined as the formation of a semicircle by flexion 
at the mid-body when the animal is suspended in 0.8 Ascaris 
Ringer's solution. Note that about two thirds of the 25° C 
animals did not make any such movements and were not scored. 
The movements of 25° C and 15°-325° C animals that were 
motile at all were so slow that less than 50 beats were usually 
measured and then normalised to 50. Such biases may lead to 
underestimation of the time and greater variability in the 

paralysed cases. 


What kind of function is altered by e286? The most 
attractive hypothesis is a defect in a catalytic function 
necessary for proper myofilament arrays to form, con- 
sistent with the fully recessive behavioural and morpho- 
logical phenotype of E286 at 25° C. Mutation in a cis 
acting control element regulating synthesis of a myo- 
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Fig. 2 Nematodes were grown on E. coli, OP50, lawns®at 
either temperature. Living adults were cut in half, fixed’ in 
cold phosphate-buffered glutaraldehyde, and post-fixed in 
cold Veronal-buffered osmium tetroxide**. Thin sections 
of body wall muscle cells were phctographed on an AEI 
EM63 electron microscope. The uncalibrated magnification 
was x 14,400. The dimensions of thick and thin myofilaments 
are about 2.4 and 0.6 nm, respectively"’'". a, E286 at 15° C; 
b, E286 at 25° C. 
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fibrillar component would also explain the recessive 
character but would be unlikely to produce temperature 
sensitivity, whereas alteration of a structural protein which 
at 25° C prevented assembly might be expected to have a 
semi-dominant phenotype. Further biochemical and struc- 
tural studies of E286 and the search for additional muta- 
tions within this gene are being pursued for better 
understanding of this function. 
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Genetic complementation after 
fusion of Tay-Sachs and Sandhoff cells 


THe N-acetyl-B-p-glucosaminidase (hexosaminidase) acti- 
vity in cultured human fibroblasts consists of at least three 
components (A, B and C)'*. At least two of these (desig- 
nated Hex A and Hex B) seem to be closely related, for 
(1) antiserum against Hex A reacts against Hex B, and 
vice versa’ (2) in Tay-Sachs disease only Hex A activity is 
deficient, accompanied by an increase in Hex B activity 
in certain tissues'", and (3) both Hex A and Hex B activi- 
ties are missing in Sandhoff disease, another autosomal 
recessive disorder’. But in spite of several theories*~'', the 
precise relationship between these components remains 
unknown, as does the nature of the genetic and biochemical 
relationships between the two diseases. To investigate these 
questions we have fused Tay-Sachs with Sandhoff fibroblasts 
and obtained cultures containing heterokaryons which pro- 
duce a hexosaminidase which is absent from the parent 
lines. It has the electrophoretic and heat lability character- 
istics of the Hex A found in normal fibroblasts. 

Skin fibroblasts from a patient with Tay-Sachs disease 
(G.M. 221) and a patient with Sandhoff disease (G.M. 203) 
were Obtained from the Genetic Mutant Repository, Cam- 
den, New Jersey, and experiments were carried out with 
cells ut the eighth go eleventh passage. Electrophoretic 
analysis of extracts of these cells confirmed that the Tay- 
Sachs fibroblasts lacked Hex A, while the Sandhoff fibro- 
bfasts under our experimental conditions has neither Hex 
A nor Hex B. On rare occasions faint traces of Hex A and 
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Fig. 1 N-acetyl-B-p-glucosaminidase electrophoresis. (1) 


Normal control fibroblasts; (2) virus-treated Sandhoff fibro- 
blasts; (3) virus-treated Tay-Sachs cells; and (4) mixture of 
Sandhoff and Tay-Sachs fibroblasts cultivated together with- 
out virus fusion. The electrophoretic analysis was carried 
out on cell extracts using a slight modification’’ of the 
Cellogel method of Rattazzi and Davidson” 


B could be detected in the Sandhoff fibroblasts when they 
had been maintained without subculturing for more than 
15 d. In addition, both cell lines had, at times, Hex C*"" 
which in our experience appears only in cultures main- 
tained for 5 or more days without transfer, the actual time 
apparently depending on the initial cell concentration, 

In a series of fusion experiments (Table 1), fibroblasts 
from the two parental lines, after trypsinisation, were re- 
suspended in Hanks salt solution without glucose. Cells 
were mixed in a ratio of 2:1, that is 4.8 x 10° Sandhoff 
cells to 2.4 x 10° Tay-Sachs cells. These cell mixtures, as 
well as separate aliquots of Tay-Sachs and Sandhoff fibro- 
blasts, were exposed to £-propriolactone-inactivated Sendai 
virus’ in the cold for 15 min. Cells were then resuspended 
in medium (Eagle’s minimal essential medium with non- 
essential amino acids, penicillin, streptomycin and 15 
foetal calf serum) and plated in a series of 60 mm plastic 
Petri dishes (10'-10" cells per dish). In addition, mixtures 
of the parental lines (2 Sandhoff: 1 Tay Sachs) not exposed 
to virus Were plated into dishes as another control. 

Sixteen to 24 h after fusion, cover slips in dishes con- 
taining the virus-treated Sandhoff—Tay-Sachs cell mixtures 
were fixed and analysed for the presence of multinucleated 
cells (Table 1). Cells from experimental and control dishes 
were collected at various times after 6usion for the electro- 
phoretic analysis of hexosaminidase activity (Table 1). The 
cells were washed twice with phosphate-buffered saline 
(PBS), trypsinised, and, after centrifugation, washed agafh 
with PBS. Each pellet was suspended in 0.05-0.2 ml (de- 


58! 


pending on cell concentration) of 0.01 M citrate-phosphate 
buffer, pH 7.0, and disrupted by ultrasonication (three 10-s 
treatments). The ruptured cells were centrifuged for 10 min 
at 5,000g at 3-5° C and the supernatant was used for bio- 
chemical studies. 

Without virus treatment, the cocultivation of the 
parental lines in a ratio of 2:1 (Sandhoff to Tay-Sachs) for 
as long as 16 d yielded Hex B, and in time Hex C, but no 
Hex A (Fig. 1). Virus-treated Tay-Sachs fibroblasts also 
showed Hex B, and on prolonged culture the C band, but 
never Hex A. The virus-treated Sandhoff cells showed 
neither Hex A nor Hex B, but on prolonged culture they 
also had Hex C. 

[n contrast, the virus-treated mixtures of parental lines 
had, in addition to the expected Hex B, a band comigrating 
with Hex A (Fig. 2). The latter appeared in one experiment 
as early as 24 h and in all cases seemed to increase to a 
maximum between 3 and 6 d after fusion (Table 1 and 
Fig. 2). The activity of Hex A seemed to correlate with 
the number of multinucleated cells present in the culture 
and declined when the nondividing heterokaryons had been 
overgrown by mononuclear parental cells. 

As this new A-like band might represent a modified form 

Hex B or C, its thermal lability was examined, Cell ex- 
tracts were incubated under conditions in which the Hex A 
activity is destroyed while most of the Hex B activity 
remains. We found that the novel component formed by 
the virus-treated Sandhoff—Tay-Sachs mixture had the heat 
lability of the Hex A found in normal fibroblasts (Fig. 3). 

We suggest that the novel band produced by virus-in- 
duced heterokaryons is the Hex A enzyme lacking in both 
parental lines. A more positive identification awaits the 
development of sensitive and specific assays involving anti- 
bodies or labelled substrates. 

It is conceivable that the substance responsible for the 
appearance of this novel band is passed through the 
medium from heterokaryon to deficient parental cells. But, 
even when Sandhoff or Tay-Sachs cells were exposed for 
2-11 d to medium in which virus-treated cell mixtures had 
been proliferating for at least 3 d, no evidence of Hex A 
was found. Furthermore, neither incubation of mixtures 
of cell extracts from the two parental lines at 37° C for up 
to 144 h, nor prolonged exposure of lysates from one parent 
line to proliferating cells of the other, resulted in the pro- 
duction of Hex A. 
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Fig. 2 
Extract from normal “fibroblasts and (2-6) extracts from 
virus-treated mixtures of Tay-Sachs and Sandhoff fibroblasts 
16, 24. 48. 72. and 144 h after fusion, The novel band shown 


N-acetyl-B-p-glucosaminidase electrophoresis. (1) 


comigrates with Hex A when mixed with 
extracts of control fibroblasts. 


in this figure 
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Fig. 3 Cellogel electrophoresis of cell extracts before and 


after incubation in 0.01 M phosphate-citrate buffer; pH 7.0, 
for 45 min at 52° C. Extract of normal fibroblasts before 
(1) and after (2) incubation; extracts of virus-treated Tay- 
Sachs-Sandhotf mixture before (3) and after (4) incubation. 


Our results (Table 1) suggest that this enzyme persists 
in these heterokaryons for as long as 16 d, at a time when 
the cell population contains relatively few heterokaryons. 
Conceivably the product responsible for the appearance of 
the activity passes from heterokaryon by cell-mediated 
contact to surrounding parental cells or alternatively is 
stored for prolonged periods, as reported for #-glucuroni- 
dase” 

The mechanism underlying the appearance of the novel 
enzyme, believed to be Hex A, is uncertain. Perhaps the 
Sandhoff cells provide either an enzyme to convert the 
Hex B of Tay-Sachs origin into Hex A, or a subunit 
essential to the formation of Hex A. On the other hand, 
the Tay-Sachs cells might stabilise in some way a labile 
Hex B and Hex A of Sandhoff origin. 

We have not attempted to isolate mononuclear hybrid 
cells because of the lack of an effective means to select 
against either parental cell. 

Nevertheless, our studies of the heterokaryons derived 





Table 1 Activity of novel-N-acetyl-f-p-glucosaminidase in cultures 
containing virus-induced heterokaryons of Tay-Sachs and Sandhoff 
fibroblasts 

. % Multi- Days after fusion 
Experiment nucleated cells* 1 2 3 45 678 16 
| 20 a oe | s 

? 9 ia | 
- 
3 10 


* 16-24 h after fusion. 





Nature Vol. 250 August 16 1974 


from Tay-Sachs and Sandhoff cells show that even in the 
absence of selection this approach can reveal intergenic 
complementation. Complementation tests have already pro- 
vided evidence of genetical heterogeneity contributing to the 
the phenotypes of galactosemia, xeroderma pigmentosum, 
and maple syrup urine disease’*~'*. The study of the inter- 
action between different genomes within the heterokaryon, 
not only reveals genetical heterogenity, but also indicates 
directions to follow in pursuit of the underlying disease 
mechanism. 
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Solvent exposure of specific nuclei 
of angiotensin II determined 
by NMR solvent saturation method 


CONFORMATIONAL analysis of peptides in solution by nuclear 
magnetic resonance (NMR) spectroscopy generally involves 
determination of the relative exposure to solvent of specific 
NH _ hydrogens'~*. The four methods used so far are based 
on: (1) rates of NH proton exchange with labile hydrogens 
of the solvent’ (2) temperature dependence of chemical 
shifts of NH resonanges’~*: (3) dependence of NH chemical 
shifts on the composition of a suitable solvent mixture’®*~"', 
and (4) degree of resonance broadening when a para- 
Magnetic substance is added’. Each method has limitations. 
Proton exchange rates reflect not only exposure to solvent, 
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but-also proximity to functional groups of the peptide which 
catalyse exchange. Factors which determine the temperature 
dependence of NH chemical shifts are as yet poorly under- 
stood. Changes in solvent composition can alter the con- 
formation of the peptide'’. Paramagnetic ions may associate 
preferentially with the solvent or with specific sites on the 
peptide. 

We suggest here a method which offers the advantage of 
measuring the solvation of both NH and CH hydrogens 
while not physically altering molecular structure. This 
involves monitoring intensity changes of solute resonances 
resulting from saturation of the solvent resonance. Inten- 
sities of solute resonances originating from exposed labile 
hydrogens exchanging rapidly with the solvent are 
diminished by transfer of saturation'*~’*, whereas resonances 
of exposed nonexchangeable hydrogens are enhanced by a 
positive nuclear Overhauser effect (NOE). Although the 
method is generally applicable to any solute-solvent pair 
having suitable nuclei, it is particularly appropriate to in- 
vestigations of peptides and other biomolecules in aqueous 
solution. Here we describe its application to the interaction 
of water with the pressor hormone (Asn', Val’) angiotensin 
Il (AIH), whose primary structure appears in Fig. 1. 
Materials and the correlation spectroscopy technique used 
have been described before t", 

Transfer of saturation is governed by equation (1) 

(Mi- MiyyiMs RE (Tyof(Tyet Ta) ] (M 8 — MÌYME] (1) 
which was derived from modified Bloch equations using a 
procedure analogous to that used by Gupta and Redfield”. 
The a and £ states refer to solute and solvent nuclei, res- 
pectively, which are chemically exchanging. Tia Ta, MZ and 
M®* are the spin-lattice relaxation time, life time, observed 
magnetisation and equilibrium magnetisation of the a 
nucleus, respectively. Analagous notation is used for the £ 
nucleus. (M,°—M;5)/M°$ is the fractional decrease in 
resonance intensity of the a resonance resulting from 
double irradiation of the B resonance, whose intensity is 
diminished by a factor of (M! — ME) M£. Complete saturation 
of the 8 state causes a fractional decrease of the a 
resonance equal to 7,./(7Tye~T.), which is significant only 
if the pseudo-first order rate constant for exchange of the 
a nucleus, 1/t,, is comparable with or greater than its 
relaxation rate, 1/7,,. Measurement of the extent of 
saturation transfer and 7,, facilitates estimation of the 
exchange rate. 

Saturation of the solvent resonance also results in positive 
NOEs for resonances originating from solute hydrogens 
exposed to the solvent or in close proximity to solute 
hydrogens experiencing saturation, Saturation of solute 
resonances can result either from exchange-mediated trans- 
fer of saturation from the solvent or from coinicidence of 
solute and solvent resonances (which is usually also caused 
by rapid exchange with the solvent). Three mechanisms can 
contribute to the ohserved NOE: (1) direct dipole—dipole 
interaction between solute and solvent hydrogens (such 
intermolecular dipole-dipole effects have been observed, 
and a theoretical treatment of this phenomenon has been 
derived by Krishna and Gordon)”, (2) dipole-dipole inter- 
action between the monitored hydrogen and a nearby par- 
tially or completely saturated solute hydrogen, and (3) 
scalar coupling between the monitored hydrogen and a 
solute hydrogen which is exchanging with the solvent at a 
rate comparable to the chemical shift difference between 
the two coupled solute hydrogens’. This exchange- 
modulated scalar coupling would yield a negative NOE 
(decrease in resonance intensity), whereas the dipolar 
mechanisms yield positive NOEs except when long correla- 
tion times are encountered (for exampJe, macromolecules)”. 

Figure la shows the region of the spectrum of AIT’ to 
low field of the water resonance when saturation power is 
applied 1,200 Hz to high field of the solvent peak. 
Resonance assignments are those obtained in this 
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laboratory'*’*** and by Bleich, et a/.*”*. Saturation of t 
water resonance yields the spectrum shown in Fi 
Figure le shows the difference (amplified) between 
solvent saturated and the off resonance irradiated spe 
(Fig. 1b-Fig. la) Negative peaks originate from sol 
exposed labile hydrogens experiencing transfer . of K 
tion—Arg’ peptide NH, Asn' rrans-amide NH; 
guanidino NHs. The Arg’ peptide NH, Asn’ ami 
Arg’ guanidino NH resonances decreased in int 
factors of 0.50 +0.05, 0.09+0.03 and 0.07 +0.02 
tively. Positive peaks originate from solute H 
experiencing a positive NOE-His" C-H, His? CH 
and perhaps also the Phe* CH; (overlap with th 
peak obscures this resonance). The His? CH and T 
peaks experienced fractional enhancements of re: n 
intensities of 0.17 +0.05 and 0.12 +0.03, respectively. 
NOEs might be obtained by minimising relaxatio 
ways not associated with solute-solvent interactio 
example, by degassing the sample or us ing P 
deuterated samples. Perturbation of His’ and 
NH peaks results from partial decoupling. ©: 
ponding @-CH resonances, which are close to the. 
peak. 
Transfer of saturation indicated that the NH pro 
Arg’ exchange rapidly with the solvent and are there 
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spectrum was obtained by correlation “spectroscopy (twel 
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field of the solvent refonance. Chemical shifts are refe 
to the methyl resonance of sodium 2,2-dimethy]-2-silape 
5-sulphonate. b, Same as (a) but with the solvent ~ 
saturated. c, Spectrum (b) minus spectrum fa) amp! 
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probably well solvated. Rapid exchange of these hydrogens 
has been noted previously". Partial saturation of the 
Asn’ trans-amide NH suggests that this hydrogen is also 
exposed to the solvent. Taken together the data for Asn’ 
and Arg’ suggest that the two N-terminal residues of All 
are relatively well solvated. This conclusion is consistent 
with our report that the pKa of the Asn’ amino group is 
comparable with that of similar solvated functional 
groups“, 

Observations of positive, NOEs indicates that the dipolar 
mechanisms dominate over any exchange-modulated scalar 
coupling which might be contributing to the relaxation of 
the His’ imidazole CH and Tyr‘ o-CH protons. These pro- 
tons must be in intimate contact with the solvent and (or) 
the nearby exchangeable protons on the side chains of these 
residues must be substantially saturated as a result of rapid 
exchange with the solvent. In either case a solvated environ- 
ment is indicated for these CH protons since dipolar relaxa- 
tion depends on the inverse sixth power of the internuclear 
distance. Solvation of the imidazole and phenol of AIT’ is 
consistent with the normal pKas of these groups a, 
Failure to observe an NOE from the Tyr‘ m-CH hydrogens 
may indicate that this portion of the phenol group is not in 
contact with water. These studies show how solvent satura- 
tion effects can delineate the extent of solvation of both 
labile and nonexchanging hydrogens. 
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by an established investigatorship (to G.R.M.) from the 
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Ferritin synthesis in 


normal and leukaemic leukocytes 
SERUM ferritin concentration is normally directly related 
to body iron stores” but abnormally high values are also 
found in patients with leukaemia’, The greatest amounts 
are present in patients with acute myeloblastic leukaemia 
and in this condition the concentration within circulating 
leukocytes is about six times higher than in normal leuko- 
cytes’. We have demonstrated an abnormally high rate of 
overall ferritin synthesis in leukaemic cells. Previous studies 
in other tissues have shown that ferritin synthesis is closely 
related to iron supply, but this does not seem to be the 
case in either normal or leukaemic leukocytes where 
production of the protein is independent of iron concentra- 
tion and the protein formed contains little, if any, iron. 
Peripheral blood leukocytes were obtained from healthy 
adults and patients with acute myeloblastic leukaemia by 
sedimentation and differential centrifugation’. In synthesis 
experiments the white cell pellet was suspended in Eagle’s 
minimum essential medium (MEM) at a concentration of 
210° cells ml’, to which 20% foetal calf serum and 
1 aCi “C-leucine were added. Cultures were incubated in 
triplicate at 37° C under 5% CO: in air for 22 h. Controls 
consisted of omitting the cells from the incubation medium 
or the addition of cycloheximide at a concentration of 
10°° M. At the end of the incubation, the cells were soni- 
cated and dialysed against five changes of 0.3% saline for 
3 h. One hundred micrograms of human spleen ferritin 
were added and the total volume brought to 9 ml. A 2 ml 
aliquot was removed and the protein precipitated with 
10%, trichloracetic acid followed by heating at 90° C for 
15 min. The precipitate was washed with trichloracetic acid 
and finally dissolved in 0.1 M NaOH before scintillation 
counting. Ferritin was isolated by heating the cell extract 
containing carrier ferritin at 70° C for 10 min, followed by 
centrifugation at 1,300g for 10 min. Anti-human spleen 
berritin was then added to the supernatant, incubated at 
37° C for 1 h and left at 4° C overnight. The precipitate was 
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washed three times with 0.9% saline and dissolved in 
0.5 M HCI before scintillation counting. Chang liver cells’ 
(Flow Laboratories) were grown in MEM with 10% foetal 
bovine serum. Ferritin synthesis was measured under the 
same conditions and with the same cell concentration used 
with leukocytes. Sucrose density gradient fractionation of 
ferritin was carried out by the method of Drysdale and 
Munroe’. Twenty fractions of 0.5 ml were collected and 
ferritin was determined either by immunoradiometric assay 
or by the absorbance at 280 nm, 

“C-leucine incorporation into ferritin and total protein is 
expressed as c.p.m. per 10° cells. In seven normal subjects, the 
mean ferritin uptake was 54.2+5.5 c.p.m. and the mean 
protein uptake 1,876+ 190 c.p.m. The protein-ferritin ratio 
was 35.7+44.1. In seven patients with acute myeloblastic 
leukaemia, the mean ferritin uptake was 230.8 + 36.6 c.p.m. 
and protein uptake 7,526+1,140 ¢.p.m. with a protein- 
ferritin ratio of 33.0+2.3. Increasing the iron concentration 
in the medium from 0 to 10.0 hg ml" had no effect on 
ferritin synthesis in either normal or leukaemic cells. In ex- 
periments using Chang liver cells, a similar increase in iron 
concentration in the medium resulted in stimulation of 
ferritin synthesis (Fig. 1). 

The largest amounts of purified human spleen ferritin 
appeared between fractions 8 and 11, in nine separate experi- 
ments. In three experiments using normal leukocyte extract, 
and six experiments using leukocyte extracts from patients 
with acute myeloblastic leukaemia, the maximum concen- 
tration of ferritin appeared in fraction 2 to 4 (Fig. 2) cor- 
responding to apoferritin. 

These results demonstrate increased ferritin synthesis by 
leukaemic cells and supports the suggestion that this is the 
cause of the raised serum and leukocyte ferritin concen- 
tration’ in leukaemia patients. Experimental studies on the 
control of ferritin synthesis have been carried out largely on 
liver cells and in this tissue, ferritin synthesis is closely 
related to iron supply’. Ferritin synthesis in vitro by Hela 
cells is also stimulated by iron’ and in vivo studies have 
shown a similar iron dependence of ferritin synthesis by rat 
heptoma’. Ferritin synthesis in Chang cells shows marked 
stimulation by iron, but without any increase in overall 
protein synthesis. In normal leukocytes, ferritin synthesis 
does not seem to be stimulated by increasing concentrations 
of iron, and leukaemic cells show the same insensitivity. In 
leukaemic cells, “C-leucine incorporation into ferritin takes 
place at about four times the normal rate and this seems 
to be a reflection of increased protéin synthesis by these 
cells. 

The characteristics of leukocyte ferritin on density 
gradient centrifugation suggests that this is either apo- 
ferritin or protein with a very low iron content. It has 






























been known for some time that the ferritins in different . 
tissues may vary in their physical characteristics and pro- 

bably their subunit composition. Linder-Horowitz ef 
showed that the stimulation of ferritin synthesis by | 
varies in different organs, being more marked in live 
heart than in kidney. While the iron content of liver 
remains constant that of heart and kidney ferri 
increased synthesis of the apoprotein. In the. 
heart, where there are two separate ferritins, the i 
phoretically slow variant shows less response than tl 
variant to stimulation by iron. In a study of abnorn 

ferritins in rat hepatomas, Linder er al.” showed the 
protein induction by iron was less than in normal re 
ating liver. Increasing growth rate of the tumou 

associated with decreased iron uptake, a decreased concen 
tration of ferritin in the tumour and a lower tron co 
of the ferritin. It was suggested that ferritin of low 
content might be characteristic of tissues undergoing f 
cll division but the possibility also exists that in malig 
tissue, expression of an alternative gene locus for fe 
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Fig. 2 Density gradient sedimentation of ferritin, &-——-@ 
ferritin, W----W, refractive index of medium. a, Normal 
leukocytes; 3 leukaemic leukocytes; c, human spleen ferritin. 


occurs and that this is associated with a low affinity of the 
protein for iron. The observation that synthesis in both 
normal and leukaemic leukocytes is not stimulated by iron 
and that the protein has the characteristics of apoferritin. 
suggests the existence of a specific leukocyte ferritin. Its. 
increased synthesis in acute myeloblastic leukaemia and its 
subsequent release into the plasma reflects the overall in- < 
crease in protein synthesis by leukaemic cells and may. | 
provide a useful marker for the progress of the disease. — 
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Ry Unsaturated amino acids 
as irreversible enzyme inhibitors 


IRREVERSIBLE enzyme inhibitors whose mechanisms of action 
are based on the Kear term rather than on Kx are highly 
specific. Inhibitors of this type possess hidden reactive 
moieties which are unmasked enzymatically. On generation, 
the reactive product engages in a chemical reaction with an 
active site residue resulting in irreversible inactivation of 
the enzyme. Thus, the enzyme produces its own irreversible 
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Fig. 1 Inactivation of aspartate amino transferase by AMB. 


Aspartate amino transferase from pig heart (Sigma Chemical 
Co.), specific activity 234 units mg’ (where one unit of 
enzyme will convert | amol of a-ketoglutarate to glutamic 
acid per min at 25°C) was used. In these experiments 
0.008 units of enzyme (MD were incubated at 25° C in 0.1 M 
potassium phosphate buffer, pH= 7.6 with 10 mM AMB. 
At the times indicated, 5 wl of the enzyme was removed and 
its activity determined by the standard assay system con- 
taining aspartic acid, a-ketoglutaric acid, NADH and mglic 
dehydrogenase’. Identical experiments were performed in the 
presence of 0.2 M aspartic acid (A) and in the absence of 
AMB (@) (control). The activity of the inactivated enzyme 
was not restored by dialysis againsg the phosphate buffer 
with several changes over a 36 h period attesting to the 
enzymes being irreversibly inactivated. Furthermore, the 
activity of the inactivated enzyme could also not be restored 
by incubation with 1 mM pn ora phosphate for several 
hours, 
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Fig. 2 The ultraviolet spectra and inactivation of aspartate 
amino transferase by AMB. In a 1 cm cuvette 936 units of 
enzyme in I’ ml (0.1 M potassium phosphate at pH =6.0) 
was charged with 10 mM AMB at 25° C. The ultraviolet 
spectra of the sample were determined at the indicated times 
on a Cary 118 double beam spectrophotometer. The activity 
of an aliquot of the enzyme was determined by the standard 
method® and compared with an untreated control. Inset 
shows the inactivation profile at the indicated times. 


inhibitor from a chemically unreactive substrate. Inhibitors 
of this type will be referred to as kea inhibitors, and several 
synthetic inhibitors of this type have been reported’. Here 
1 describe an example of a naturally occurring molecule 
which acts by this mechanism: specifically, the irreversible 
inhibition of soluble, pyridoxal linked, .-aspartate amino 
transferase by the bacterial toxin L-2-amino-4-methoxy- 
trans-3-butenoic acid (AMB) isolated from Pseudomonas 
aeruginosa. 

Incubation of soluble L-aspartate amino transferase with 
AMB led to the inactivation of the enzyme as shown in 
Fig. 1. The substrate, in this case L-aspartic acid, protects 
against this inactivation when co-incubated with AMB 
(Fig. 1) and is consistent with the view that AMB is an 
active-site titrant. Also, activity of the inactivated enzyme 
cannot be restored by dialysis. This observation means that 
the mode of inhibition is irreversible. 

The assertion that AMB requires chemical activation 
suggests that no inhibition should result in the absence of 
enzymatic conversion. This is confirmed in that neither holo- 
enzyme in the pyridoxamine form nor apoenzyme, are in 
the least affected by AMB. The notion that the inactivation 
step requires enzymatic conversion can be directly demon- 
strated by following the ultraviolet absorption changes of 
the holoenzyme as a function of its inactivation (Fig, 2). 
As the inactivation proceeds, both the activity and the 
spectrum of the enzyme were recorded and as can be seen, 
the fall of the pyridoxal phosphate imine peak (approxi- 
mately 440 nm) and the rise of the new peaks at approxi- 
mately 350 nm are simultaneous with the inactivation 
course. The appearance of the peaks at 350 nm are unusual 
and cannot be pyridoxamine phosphate (aua.==325 nm) 
(ref. 3). These new peaks represent a reaction product, or 
complex, between the converted AMB and cofactor. This 
may mean that the inhibitor functions by reacting with the 
cofactor. This was tested by trying to resolve the inactivated 
holoenzyme into apoenzyme and cofactor by the usual 
method‘. The ‘resolved’ enzyme still retained an absrop- 
tion peak centred at 350 nm, representing about 30% 
of the total. This peak cannot be diminished even under 
forced resolution conditions. Of primary importance is 
that the resolved en%¥yme cannot be reactivated by incu- 
bation with fresh pyridoxal phosphate, therefore the pri- 
mary action of AMB must involve a chemical reaction 
with an active-site amino acid residue. Of secondary 
importance is the formation of a further reaction pro- 
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duct(s) with the cofactor. Had a chemical reaction simply 
ensued between the cofactor and AMB, 70% of the activity 
should have been regained after fresh cofactor was added 
to the resolved enzyme. 
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Fig. 3 Initia] steps in the catalysis with aspartate and 


a-ketoglutarate as substrate. 


The initial steps in the catalytic process effected by 
aspartate amino transferase with aspartate and a-keto- 
glutarate as substrates are shown in Fig. 3 (ref. 5). With 
AMB as a Substrate the conversions shown below can 
intervene once the a C—H bond is cleaved (Fig. 4). That 
both (B+B’) and C are exceedingly reactive chemically is 
important because they can act as Lewis acids in the 
Michael reaction. The carbon atoms indicated with 
stars * designate where reaction would occur. The conversion 
shown in equation | is preferred on the basis of its being 
„a normally occurring one for the enzyme, and is more con- 
sistent with the spectral changes which occur during the 
course of the inactivation process. Also, it is apparent that 
these proposed reactive intermediates are chemically bi- 
functional: for example, B’, being a conjugated enol ether, 
can undergo two successive reactions with nucleophiles. 
This is precisely what is required here, because a minimum 
of two reactions must occur—-one with an active-site 
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Fig. 4 Possible conversions of the catalytic product with > 
AMB as substrate. 































residue and one with the cofactor—to account for ‘the 
spectral changes and the inactivation process. is 
In conclusion, AMB has been shown to be a potent i irr 
versible inhibitor of the Kear type, the first naturally-occur. 
ing toxin to be reported as such. It is likely that this 
sense unusual but that other 2,y unsaturated acids: 
found to be irreversible inhibitors of many pyri 
enzymes involved in amino acid metabolism, and ha 
naturally occurring toxins will also be found tọ- 
inhibitors. | 
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Chelating agents for the binding of 
metal ions to macromolecules 


POLYAMINOCARBOXYLATE chelating agents such as ethylene-- 
diaminetetraacetic acid (EDTA) form stable chelate complexes: 
with the ions of many heavy metals. These metal ions exhibit a. 
wide range of useful spectral and radioactive properties, such. 
as electronic absorption, scattering of electrons and X ra 
electron paramagnetic resonance spectra, the production o 
line-broadening and chemical shifts in nuclear magnetic reson 
ance spectra, the emission of correlated gamma-ray cascade: 
and various radioactive lifetimes and nuclear radiations. Th 
preparation of chelating agents whose complexes can interact 
in some selected manner, with biological macromolecules could 
make possible several new applications of metal ions as probes: 
of biological systems. 1 
The synthesis of 1-(p-aminophenyl)-EDTA (Fig. 1, R = NH,) a 
is a step toward this goal. In principle, its aromatic amino group 
can be acylated, alkylated or otherwise modified to form bio- 
logically active molecules or covalent labelling reagents. The = 
specific interaction between a precursor of this compound; 
1-(p-nitrophenyl)-EDTA (Fig. 1, R == NO,), and an antibody AS 
molecule has been described previouslyt. es 
We describe here the use of a derivative of the amino com- = 
pound, I-(p-benzenediazonium)-EDTA (Fig. 1, R = Nat), asa 
reagent for labelling proteins. We also present data bearing on — 
the usefulness of proteins labelled covalently with }4In chelates. 
as radiopharmaceuticals for the localisation of tumours, > 
The synthesis of 1-(p-aminophenyl)- EDTA (Fig. 1, R == NH,) 
was accomplished in six steps, starting from benzaldehyde. 
(detalls will be furnished on request). The amino compouns 
then was diazotised* to form the chloride salt of 1-(p-benze: 
diazonium)-EDTA, or *N,Ph-EDTA (Fig. 1, R = Na+). 
The +N,Ph-EDTA was coupled to human serum albumi 
to bovine fibrinogen (Blombäck fraction I-4 (ref. 3)) by reac 
overnight at 4° C with 2% protein solutions in aqueous 0. 
EDTA/0.12 M NaHCO, buffer, pH 8.1. The buffer ions anc 
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Fig. 1 The chelating agents discussed in the text. 


unbound reagent then were removed by extensive dialysis 
against heavy-metal-free 0.1 M citrate, pH 6. The presence of 
azotyrosine groups in the products was indicated by increased 
absorbance at 330 nm. Citrate buffer was chosen to facilitate 
the chelation of carrier-free 'In ions by protein-bound 
-NoPh-EDTA groups. In this buffer, indium ions do not undergo 
hydrolysis or bind to native serum albumin or fibrinogen, but 
do bind readily to the conjugated proteins. 

Indium-binding was studied experimentally by the technique 
of y-ray perturbed angular correlations (PAC), using the ' In 
ion as a radioactive probe of molecular motion’. Based on the 
coincidence detection of y rays emitted in cascade from a single 
nucleus, PAC depends on the rotational correlation time for 
fluctuating electric field gradients at the radioactive nucleus. The 
binding of ™ In ions to macromolecules is revealed by a change 


equimolar amount of “N,Ph-EDTA, was added to 0.3 ml of 
citrate buffer containing '"'InCl,, binding was complete in less 
than | min. This was indicated by the perturbation factor: 


complete binding within several minutes; the equilibrium value 
Albumin and fibrinogen differ greatly in molecular size and 
shape; yet, the perturbation factors for “In bound to the two 
labelled proteins are quite similar. This suggests that in each 
case the link between chelate and macromolecule is flexible’. 
We have determined the organ distribution and tumour 
uptake of radioactivity after injection of the ™'In-labelled 
proteins into specially prepared BALB/c mice. A tumour line, 
KHJJ, derived from a primary mammary carcinoma arising 
spontaneously in a mouse and maintained for over 100 trans- 
plant generations was used for the assay’. Three mice were 
injected with each compound, and the per cent dose per gram 
of organ was measured 24 h after injection. Results are given In 
Table I, together with data obtained using commercial +H- 
labelled human serum albumin in the same mode! system. These 
data suggest that proteins conjugated with — NaPh-EDTA 
chelates will be useful radiopharmaceuticals. The observed 
tumour: organ radioactivity ratios would be favourable for 
Scanning studies on human patients, and the radi@active 
properties of '"In are ideal for providing scans up to | week 
after administration with a minimum of radiation exposure to 
the patient®?”, In addition, PAC studies can provide direct 
information on the stability i vivo of }In-labelled compounds‘, 
The mild reaction conditions and rapid metal-binding achieved 
here suggest that *N.Ph-EDTA will be useful for labelling 
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Table 1 Distribution and uptake of labelled macromolecules in 
BALB/c mice with KHJJ Tumour 





Organ “In-albumin "In-fibrinogen $3} }-albumin 
Lungs 3.4+-0.6 3.1 +-0.3 3441.2 
Spleen 3.3-+0.1 7040.7 0.70.2 
Tumour 9.7+0.3 8.14-0.8 3.34 1.0 
Muscle 0.8 -+0.2 0.8 -0.2 0.9 -+-0.2 
Bone 2.0 +- 0.4 1.9 ae 0.4 1.0 vf- 0.5 
Brain 0.2-0.1 0.3-0.1 0.2-0.1 
Skin 2.4-0.4 2.0+0.3 —— 


Each of the compounds listed was injected into three BALB/c mice 
which carried a KHJJ tumour (implanted in the flank 14 d before). 
The tumours were about | em” in volume. Twenty-four hours after 
injection, the mice were killed and samples of blood and major organs 
were taken, weighed and counted. Results are reported in terms of 
per cent total dose per gram organ, a measure of the concentration 

of radtoisotope in the various tissues. 


biologically active molecules with short-lived radioisotopes. 
Related chelating agents have potential applications to a broad 
range of problems. A full account of this work will be published 
elsewhere". 
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Laght-dependent phosphorylation 
of rhodopsin in living frogs 


PHOSPHORYLATION of rhodopsin has been studied so far only 
in virgo. When suspegsions of isolated and purified rod outer 
segments (ROS) from cattle and frogs have been mixed with 
y~"P-ATP and Mg’, upon illumination **P—phosphate has 
been found to be bound covalently to rhodopsin in a slow 
dark reaction after bleaching. The activity of the water- 
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extractable kinase which mediates the phosphate transfer 
was found to be independent of light, but rhodopsin was 
not acceptable as a substrate until it had been bleached 
by light’. The slow rate at which phosphorylation occurs 
(half time 3-5 min (refs 1-4)) suggests that it may be in- 
volved in light adaptation of the rods which also seems to 
be a slow process’. 

If the phosphorylation reaction plays a role in vision, it 
should be reversible; rhodopsin should undergo a cycle of 
phosphorylation and dephosphorylation. This important 
question, however, could not be clarified by the in vitro 
experiments: in some instances, dephosphorylation could be 
observed to occur to some extent’’, but mostly, the phos- 
phorylation seemed to be irreversible>**. If there is capa- 
city for dephosphorylation, it seems to be easily lost in the 
system of isolated ROS. Therefore the reaction had to be 
studied in living animals. That protein is phosphorylated 
in the ROS of living frogs was reported by Hall and 
Bacharach’ as early as 1970, but they were not interested 
in the light dependency of the effect. My experiments show 
that phosphorylation and dephosphorylation of rhodopsin 
are physiological reactions in the photoreceptors of the 
frog. 

“*Pinorganic phosphate, in two portions of about 2 mCi 
each, was injected into the dorsal lymphatic sac of frogs 
(Rana esculenta, body weight 40-50 g) at an interval of 15 h. 
Each injection solution contained 20 pmol of phosphate 
in 0.3 ml. The frogs were maintained individually in glass 
jars containing water, at 23°C in the dark. During the 
full incubation period of 41 h they excreted on the average 
7.5+4%, (s. d.) of the total injected “P into the water, but 





Fig. 1 Electrophoresis of ROS preparations obtained from 
four different frogs, on gels (length 11 cm) containing 5.8% 
polyacrylamide and 1% sodium dodecylsulphate (SDS) (ref. 
9). To isolate the ROS, both retinas of each frog were 
shaken vigorously, using a Heidolph Reax I mixer, for 
60 s in 2 mi of 45% sucrose solution containing 5 mM 
Tris-acetate (pH 7.3), 65 mM NaCl, and 1 mM Mech. 
Differential centrifugation was carried out according to 
McConnell’. The final ROS pellet was solubilised with 
100 wl of 2% SDS containing 2% 2-mercaptoethanol, for 
20 min at 45° C. Insoluble material derived from pigment 
epithelium was removed by centrifugation. L:, Light-adapted 
frog, with retinas and ROS prepared in white light; L2, light 
adapted with retinas and ROS prepared in dim red light; 
D, dark adapted for 2 d; LD, light adapted and then dark 
adapted for 75 min. The three light-adapted frogs were 
exposed for 20 min to diffuse white light of 450 Ix. On 
the left side, photographs of gels stained with Coomassie 
brilliant blue are shown; the corresponding autoradiographs, 
exposed for 4 d on X-ray film, are shawn on the right, The 
ink mark near the lower end of the stained gels indicates the 
position of the marker dye, pyronin Y, which ran to about 
the same position as the phospholipids. The autoradio- 
graphed gels contain 2-5 times more ROS material than the ° 
stained gels. 
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D L Time of dark adaptation ` 
Fig. 2 ”P bound to rhodopsin as a function of light/dark. 
adaptation of 16 frogs. @, Dark adapted (D), for 2 d; Cy 
light adapted (L} for 20 min; W, light adapted for 20 miñ 
and then dark adapted for the times indicated in the 
abscissa. The seven light-adapted frogs are numbered as 
1-7, ----, A theoretical first order decay curve based on = 
a half time of 13 min, starting from the average 
phosphorylation level of the seven light-adapted frogs. 
The radioactivity was determined by scintillation counting 
of gel slices. The amount of rhodopsin was determined 
from the area of the rhodopsin peak in stained and scanned 
gels: a calibration curve was obtained with 40 stained and 
scanned gels containing different amounts of purified cattle . 
rhodopsin of known concentration. The staining and 
destaining procedure? was carried out in strictly standardised — 
conditions, and it was assumed that cattle and frog 
rhodopsin both have the same staining properties with 
Coomassie brilliant blue. The amount of rhodopsin isolated 
in the ROS was in general about 100 zg per frog but varied 
from 150-40 wg. The YP activity was related to the amount 
of rhodopsin, and to the total “P in each frog body at 
the moment of its death (total injected d.p.m. minus total 
excreted c.p.m, during the incubation). In a typical lgbt- 
adapted frog, for example frog No. 2, there were 5,260 d.p.m. 
of “P bound to 146 ug of rhodopsin, and 11,200 d.p.m. 
bound to phospholipid. 7 x 10° d.p.m. had been injected into 
the frog, 7° of which it had excreted during the incubation. 
Thus the value plotted on the ordinate is 5,260/146~x 
(7—0.5)« 10° d.p.m./ugxd.p.m.=5.5« 107? pg, 


L D 


this value was as high as 13 and 14% in some frogs and 
as low as 0.5% in another. Forty to forty-one hours after 
the first injection, the frogs were subjected to different 
light/dark conditions: some were left in the dark, others 
were light adapted, and others first light and then dark 
adapted. Light adaptation was accomplished in all cases by 
exposing the frogs for 20 min to white diffuse light (450 Ix) 
from a fluorescent lamp. At the end of the light/dark 
treatment (41 h after the first injection) the frogs were 
killed and the retinas were dissected in dim red light. The 
two retinas of a frog contained on the average 10° de- 
compositions per minute (d.p.m.) of “P. The ROS were 
shaken off and purified by a modification of McConnell’s 
procedure" (Fig. 1). To minimise enzymatic reactions dur- 
ing the preparation, all operations were done at 0° C as 
fast as possible and, unless otherwise stated, in dim red 
light. The elapsed time between killing a frog and solubilis- 
ing its ROS was 35-40 min. 

THe solubilised ROS were separated by SDS gel electro- 
phoresis. Results obtained from four different frogs are 
shown in Fig. 1. The purity of the ROS preparation 
is indicated by the relatively large rhodopsin bi 
in the stained gels shown at the left, demonstrating 
that rhodopsin is the predominant protein’. The two radio- 
active bands in the autoradiographed gels (Fig. 1, right) 

































correspond to “P-rhodopsin (middle of gells) and **P—phos- 
pholipids (lower end). The phospholipid nature of the lower 
band was demonstrated by extracting the ROS with chloro- 
form/methanol" followed by thin layer chromatographic 
analysis of the extract. This phospholipid band was found 
in all frogs, independent of their light/dark treatment, and 
represents freshly synthesised phospholipids which were 
incorporated into the ROS during the 41 h incubation 
period. Inorganic phosphate was also found when the gels 
were electrophoresed for shorter times, but normally most 
of the phosphate was eluted into the anode buffer because 
of its faster mobility, compared to the phospholipids. 

The rhodopsin obtained from the light-adapted frogs 
was phosphorylated (Fig. 1, L; and Lẹ, but that from the 
dark-adapted frogs was not. One of the dark-adapted frogs 
(Fig. 1, D) was dark-adapted for 2 d before being killed 
and the other (LD) was dark-adapted for only 75 min fol- 
lowing an illumination period of 20 min: #P was not bound 
to the rhodopsin of either animal. This indicates that 
rhodopsin was phosphorylated when the frogs were exposed 
to light and dephosphorylated during dark adaptation. 

Quantitative analyses indicate that phosphorylation of 
rhodopsin in the light adapted frogs was.about 20 times 
that in the completely dark-adapted frogs (Fig. 2). The 
average “P bound to the rhodopsin of the seven light- 
adapted frogs was 5.1X10°* per ug of rhodopsin (s. d.: 
+1.1x10 wg), compared to 0.251079 ue in com- 
pletely dark-adapted frogs. No significant difference in the 
final yield of “P-rhodopsin could be observed between 
retinas and ROS from light-adapted frogs prepared in white 
light (Fig. 2, frogs T 4, 6, and 7) and those prepared in 
dim red light (Fig. 2, frogs 2, 3 and 5). This indicates that 
no significant, light- dependent changes in the phosphoryla- 
tion level occurred during the 40 min preparation period 
at O° C. 

In the eight frogs which were dark adapted after a 20 
min illumination period, the phosphorylation level of 
rhodopsin decreased slowly with increasing time in the dark, 
and after approximately 1 h the dephosphorylation was 
complete. If the dephosphorylation kinetics were first order, 
its half time would be about 13 min (Fig. 2, dotted line); 
but quantitative kinetic analysis is not possible because of 
animal to animal variations and the small number of 
animals used. 


The slow rate of dephosphorylation shown in Fig. 2 is 
comparable to published rates of dark adaptation measured 
by psychophysical and electrophysiological'*’* methods. 
Kohirausch” has shown that complete recovery of psycho- 
physical sensitivity during dark adaptation in the human 
eye takes about | h. Similarly, electrophysiological studies 
on isolated retinas of frog’ and Necturus? show that, 
following extensive bleaching, recovery of sensitivity occurs 
within about an hour. 

Evidence has increased in the past few years that, be- 
sides ‘neural’ control mechanisms, substantial parts of dark 
adaptation take place in the photoreceptors themselves". 
Rushton” has demonstrated by combined psychophysical 
and spectrophotometric measurements that during slow 
dark adaptation, recovery of the logarithm of sensitivity 
occurs exactly in parallel with photopigment regeneration. 
On the other hand, electrophysiological experiments" on 
isolated retinas in which regeneration of rhodopsin is be- 
lieved to be negligible, demonstrated that slow recovery of 
sensitivity by 2—4 decades occurs at the receptor level even 
though regeneration is minimal. Thus there must be mech- 
anism(s) of slow dark adaptation at the receptor level Which 
are independent of photopigment regeneration. My ex- 
periments give evidence of a chemical reaction, namely 
dephosphorylation of phosphorylated rhodopsin, which 
takes place in the photoreceptors under the conditions and 
at about the rate of dark adaptation, This dephosphoryla- 
tion seems to be independent of photopigment regeneration, 
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as recent experiments with isolated frog retinas have indi- 
cated (H.K., and Bader, unpublished). We have also shown‘ 
that the regeneration of rhodopsin in vitro is not affected 
by the binding of phosphate to opsin, nor is the binding 
affected by regeneration; phosphorylated opsin regenerated 
with Li-cis retinal to form phosphorylated rhodopsin, 
and gave as good a result as in the nonphosphorylated con- 
trol experiment, without any loss of phosphate during the 
regeneration. 

The molecular mechanism by which this phosphorylation 
reaction regulates the sensitivity of the rods remains to be 
elucidated. As suggested earlier’, the phosphate group bound 
to rhodopsin and/or opsin in the light adapted state could 
alter the permeability of the membrane in which it is located 
and thus regulate ion fluxes through adjacent pores. This 
membrane could be the disk as well as the cell plasma 
membrane which has also been shown to contain rhodopsin", 
Phosphorylation could also influence the binding of Ca™ to 
the photoreceptor membranes. It is likely that during dark 
adaptation the phosphate is cleaved from rhodopsin by the 
action of a phosphatase. 

I thank Professor H. Stieve and my colleagues at the 
institute for discussions and critical reading of the manu- 
script, and I thank Miss S. Bader and Miss E. Mavrommati 
for their technical assistance. 

HERMANN KUHN 
Institut fur Neurobiologie der KF A 
517 Jülich, Postfach 365, Germany 


Received February 25; revised June 11, 1974. 


Kühn, H.. and Dreyer, W. J., FEBS Lett., 20, 1-6 (1972). 

f Bownds, D., Dawes, J., Miller, J., and Stahlman, M., Nature 
new Biol.. 237, 125-127 (1972), 

* Frank, R. N. _ Cavanagh, H. D., and Kenyon, K. R., J. biol. 
Chem., 248, 596—609 (1973). 

* Kühn, H., Cook, J. H., and Dreyer, W. J., Biochemistry, 12, 
2495-2502 (1973). 

Dowling, J. E., and Ripps, H., J. gen. Physiol., 60, 698-719 

(1972). 

t Bownds, D., Dawes, J., and Miller, J., in Biochemistry and 
Physiology of Visual Pigments (edit. by Langer, H.), 267- 
273 (Springer-Verlag, Berlin, Heidelberg, New York, 1973). 

" Hall, M. O., and Bacharach, A. D. E., Nature, 225, 637-638 
(1970). 

* McConnell, D. G., J. Cell Biol., 27, 459-473 (1965). 

* Fairbanks, G., Sea, T. L. and "Wallach, D. F. H., Bio- 
chemistry, 10, 2606- 2617 (1971). 

1 Bownds, D., Gordon-Walker, A., Gaide-Huguenin, A. C., and 
Robinson, W., J. gen. Physiol., 88, 225-237 (1971). 

= Bligh, E. G. and Dyer, W. J., Can. J. Biochem. Physiol., 37, 
911-917 (1959). 

** Kohlrausch, A., Handb. Norm. Pathol. Physiol., 12/2, 1499- 
1594 (Springer-Verlag, Berlin, 1931). 

* Rushton, W. A. H., J. Physiol., Lond., 156, 193-205 (1961). 

" Hood. D. G Hock, P. A., and Grover, B. G., Vision Res., 13, 
1953—1963 1973). 

© Norman, R. A., and Werblin, F. S., J. gen. Physiol., 63, 
37-61 (1974). 

8 Rushton, W. A. H., and Powell, D. S., Vision Res., 12, 1073- 
1081 (1972). 

7 Grabowski. S. R.. Pinto, L. H., and Pak, W. L., Science, 176, 
1240-1242 ( 1972). 

™ Jan, L. Y., and Revel, J. P., J. Cell Biol. (in the press). 


pat 


‘lie 


SEERA OEE NEN TSS NAST OTR PC RIOT OP TBS ON RSET NO a 





Regulation of arginine catabolism in 
Aspergillus nidulans 


In Aspergillus nidulans, mutations at more than 20 loci result in 
increased levels of two arginine catabolic enzymes, arginase 
and ornithine -transaminase (OTAse)!. The large number of 
genes, involved eitheg directly or indirectly in regulation of 
arginine catabolism makes interpretation of the regulatory 
mechanism(s) complicated. Some of these genes at least are 
eoncerned with catabolite repression rather than with control 
of specific induction and repression processes. Here we 
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present evidence that the synthesis of arginase and OTAse 
in A. nidulans is regulated in a positive fashion. Interrelations 
between the gene responsible for positive control and several 
other genes involved in the regulation of these enzymes were 
established. This enabled us to propose a model of the regulatory 
mechanism involving interaction between a specific positive 
and a nonspecific negative mode of regulation and providing 
a possible explanation of ammonium repression. 

In A. nidulans arginine can serve as a source of proline both 
in the wild-type strain and in proline mutants blocked in the 
first two steps of the main pathway of proline synthesis. Use of 
arginine for proline synthesis depends on the presence and on 
the inducibility of arginine catabolic enzymes, arginase and 
OTAse. Mutants with derepressed arginase and OTAse were 
obtained in A. nidulans as suppressors of proline mutations? *. 
A mutant designated arcA* 47 (former symbol suG 47 pro) 
(ref. 2) shows approximately 10-fold higher levels of both 
enzymes compared with those in the wild-type strain (Table 1). 
In heterokaryons and diploids arcA* 47 is semidominant over 
the wild-type allele. By means of the haploidisation technique’ 
the arcA locus was assigned to linkage group VIH. The arcA 
locus is not linked to the structural genes for arginase and 
OTAse. 

We selected for mutants unable to use arginine as a source of 
proline and isolated mutants in the arginase and OTAse 
structural genes, mutants defective in arginine transport (un- 
published data), mutants hypersensitive to catabolite repression” 
and mutants designated by the arc A' symbol. In arcA‘l mutant 
the uninduced levels of arginase and OTAse are the same as in 
the wild type, but neither enzyme is inducible by exogenous 
arginine. On the basis of recombination tests the arcA’ and 
arcA*® mutations seemed likely to be located within the same 
gene as no arcA* recombinants were found among 600 progeny 
of the cross arcA' x arcA*. This assumption was strengthened 
by the results of studies on the ultraviolet-induced revertants 
of the arcA'l mutant. One of the revertants was found to 
exhibit all properties of the arcA‘47 mutant. By crossing this 
revertant to the wild type and arc 4°47 strains it was established 
that the reversion was due to mutation in or very close to the 
arcA locus. The arcA'l mutation is recessive to the arcA*47 
and arcA® alleles. 

The simplest interpretation of the properties of the arcA’ 
and arcA* mutants is that the arcA gene specifies the product 
(inducer) which is necessary for expression of the arginase and 
OTAse structural genes. In the wild type the inducer requires 
activation by the coinducer, arginine, whereas in the arcA‘%47 
mutant the inducer is active even in the absence of arginine. 
In the arcA‘l mutant the inducer is inactive or itis not produced. 








Table 1 Arginase and OTAse activities in various mutants 





No. Mutant* Enzyme activityT 
Arginase OTAse 
MM MM MM + arg MM + 
are + 
NH, 
(1) Wild type 0.20 7 110 30 
(2) arcA'l 0.20 5 5 5 
(3) arcA®47 4.0 50 105 95 
(4) suA25pro 2.0 70 130 120 
(5) suD25pro 2.0 75 140 130 
(6) arcA'l suA25pro 0.20 10 22 < 
(7) arcA'| su D25pro 0.15 6 7 — 
(8) arcA%47] sud25pro 4.0 180 190 — 
(9) arcA%47 suD25pro 4.0 200 200 = 





Mycelia for enzyme assays were grown on standard minimal medium 
(MM) (10 g glucose !~! as carbon source, 10 mM sodium nitrate as 
nitrogen source) and transferred when necessary to media containing 
5 mM arginine or 5 mM arginine and 5 mM ammonium tartrate 
for 6h. 

* Genotypes of mutants: nos 1-4—pfo 46 pabaA9 biA1; nos 
5,7, 9—pro A6 adF9 y; phenA2; nos 6, 8--proA6 paba9 biA1 ; phenA2. 

+ Units of arginase and OTAse activity are that amount of enzyme 
which forms | pmol of urea and !mpmol! of glutamic y-semialdehyele 

per min per mg protein respectively. 
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Arginase and OTAse synthesis in A. nidulans is subject to 
both glucose and nitrogen catabolite repression. The mechanism 
of catabolite repression in fungi is not yet fully understood, 
but ammonium seems to be involved in nitrogen catabolite 
repression.® One of the effects of ammonium is the prevention 
of induction of arginase and OTAse by arginine’. Similar 
effects of ammonium on arginase and OTAse induction were = 
observed in yeasts™ë and on induction of several other catabolic oi 
enzymes in A. nidulans and Neurospora crassa’. Hae 

The arginase and OTAse levels in the arcA’47 mutant are. 
not fully derepressed and the synthesis of both enzymes can 
still be induced by exogenous arginine (data for OTAse. are 
given in Table 1). In contrast to the wild type, the presence of 
ammonium in the culture medium does not prevent induction 
of arginase and OTAse in the arcA*47 mutant. Assuming that 
the function of the arcA gene is interpreted correctly, it can be eee 
concluded that ammonium interferes with the process of  __ 
activation of the arcA gene product (inducer) by arginine. As a aS 
result of the arcA*47 mutation the inducer is able to function == 
in the absence of arginine (although it retains some affinity = ~ 
for arginine) and at the same time becomes insensitive to the ere 
effects of ammonium. 

Apart from the arcA*47 mutation, mutations in six supro 
loci (designated respectively A, D, E, H, J and L) result in 
derepression of arginase and OTAse to the level exceeding 
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approximately 10-fold the basal level of these enzymes observed 
in the wild-type straint. The levels of both enzymes are not 
repressed when supro mutants are grown in the presence of 
ammonium. All 25 mutations at these loci which we have 
studied are recessive and none of the loci is closely linked to 
any other or to the loci of the arginase and OTAse structural 
genes. Two mutants, swA25pro and suD25pro were chosen and 
crossed to the arcA*47 and arcA'l strains. The appropriate 
double mutants were selected from the progeny of these 
crosses and assayed for arginase and OTAse activity. The 
resudts given in Table 1 can be summarised as follows: (1) The 
effects of suA25pro and arcA‘47 mutations are additive, as 
are the effects of suD25pro and arcA‘47. The level of bot 
enzymes in double mutants corresponds to their maximal leve 
observed in the wild type grown in the presence of arginine. 
(2) The arcA'l mutation cancels the effects of both suA25pre 
and suD25pro mutations and makes arginase and OTAse 





















noninducible by arginine in swA and suD strains. The arcA‘l 
mutation is thus fully epistatic to the two suppressor mutations 
studied. 

It can be concluded that the swApro and suDpro genes 
participate in the formation of a repressor which maintains the 
arginase and OTAse synthesis at the low level observed in the 
wild-type strain grown in the absence of arginine. The function 
of the repressor is abolished by the activated inducer specified 
by the arcA gene. Activation of the inducer is necessary only to 
overcome the effects of repression exerted by the products of 
suApro, suDpro and possibly other supro genes: when the 
repressor is not active as in su425pro and suD2Spro mutants, 
the synthesis of arginase and OTAse is derepressed despite 
the absence of arginine. On the other hand, inactivation of 
repressor alone is not sufficient to cause derepression of enzyme 
synthesis. Low levels of arginase and OT Ase in arc A'l suA2Spro 
and in arcA'l suD25pre double mutants indicate that the 
presence of the normal product of the arcA gene is obligatory 
for derepression to occur. All above considerations are sum- 
marised in Fig. 1. 

We have no information concerning the nature of the swApro 
and suDpro gene products. Thus we do not claim that these 
genes participate in formation of repressor equivalent to that 
of the Escherichia coli lactose system. This would be premature, 
especially knowing that in its formation not only swApro and 
suDpro but probably also four other genes are involved. 
Moreover, there is some information that mutations in these 
genes, in addition to controlling arginine catabolism, affect 
some other systems; for example they cause derepression of 
nitrate reductase synthesis (unpublished results). It was also 
found that the suD19pro mutation affects the synthesis of 
ornithine transcarbamylase!” and cancels certain effects of 
mutations in the areA gene which controls use of a variety of 
nitrogen sources’, It seems therefore that if suDpro and other 
genes of this group are responsible for formation of repressor 
of some kind, this repressor is highly nonspecific. 

As pointed out by Gross!!, in fungi the positive rather than 
negative control of gene expression is the rule. The only 
exception so far was found by Wiame and his coworkers’ 
who proved the existence of operator genes in the arginine 
system in yeasts. The universality of positive regulation suggests 
that in fungi general regulatory mechanisms (those which 
control expression of genes concerned with many different 
enzymatic systems) can operate at the level of activation of 
inducers specific for structural genes of a single system. Such an 
interpretation was used in this paper to explain the effects of 
ammonium on the synthesis of arginine catabolic enzymes. We 
do not postulate that this is the only way in which ammonium 
affects the synthesis of catabolic enzymes. For example, 
ammonium also seems to participate in the mechanism re- 
sponsible for maintaining the basal level of several 
enzymes***-1?-18, It is also probable that the inhibitory effect 
of ammonium upon induction of catabolic enzymes is mediated 
by the product(s) of particular gene(s), possibly including the 
areA gene which has recently been studied in several laboratories 
(see ref. 9). 

We thank Professor J. R. S. Fincham for reading the manu- 
script. 
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Inhibition of allergic reactions 
by a novel phenanthroline ICI 74,917 


For 4 yr we have been investigating the biological properties 
of a series of kynurenic acids (1) and bridged analogues (ID), 
related to the chromone carboxylic acids, of which disodium 
cromoglycate (HHI) is an example. Some of the quino- 
lone acids I and H were found to be as effective as disodium 
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crompglycate in inhibiting passive cutaneous anaphylaxis 
(PCA) in rats". Compounds of much greater activity in 
PCA were however discovered among a series of tricyclic 
quinolone acids, the 2,8-dicarboxy-4,10-dioxo-1,4,7,10-tetra- 
hydrophenanthrolines (IVY. Here we describe the pro- 
perties of one of the more active of these compounds, ICI 
74,917 (AV, R = n-butyl). It can be prepared by the reaction 
of 1,3-diamino-4-n-buty] benzene with oxaloacetic ester and 
thermal cyclisation of the bis-anil to the phenanthroline-2,8 





dicarboxylate which is then hydrolysed to ICI 74,917. It 
melts at 300° C (decomposition) and is insoluble in most 
organic solvents although its alkali metal salts are soluble 
in water. It may exist in tautomeric forms other than that 
indicated. 

Administered intravenously as the sodium salt, at the 
time of antigenic challenge, ICI 74,917 inhibited PCA 
provoked by reaginic (ilgE-like) antibody prepared according 
to Mota’ against egg albumin or according to Ogilvie’ 
against the nematode parasite Nippostrongylus brasiliensis. 
A comparison of the ID: (the dose required to produce a 
50% inhibition of PCA) of each compound revealed that 
ICI 74,917 was some 300 times more active than disodium 
cromoglycate (Table 1). 

in vitro, ICI 74,917 was not an antagonist of histamine 
or 5-hydroxytryptamine. When administered intravenously, 
it did not inhibit blueing reactions provoked in the normal 
rat by intradermal injections of histamine, 5-hydroxytrypta- 
mine or Compound 48/80 but PCA reactions induced in this 
species by heat-stable (IgG) homocytotropic and heterolog- 
ous (guinea pig and® rabbit) antibodies were significantly 
and consistently inhibited to a slight extent (30%). 

It seemed possible, on the basis of these findings that 
ICI 74,917 might prevent the release of inflammatory medi- 
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ators from mast cells which follows interaction of antibody 
and antigen. This hypothesis was supported by the demon- 
stration that ICI 74,917, when present at antigenic chal- 
lenge at concentrations between 10°* M and 10° M, re- 
reduced significantly the amount of histamine liberated 
from rat peritoneal mast cells sensitised in vitro with rea- 
ginic antibody. 
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Fig. 1 Inhibition of allergic bronchospasm in the guinea 


pig by ICI 74,917. Groups. of 10 animals were passively 
sensitised with guinea pig anti-egg albumin serum and 
challenged 18 h later with antigen (1 mg), and with saline 
or varying doses of ICI 74,917 in saline. Bronchospasm was 
assessed by the Konzett- Rossler technique as modified by 
Davies and Johnston’, Results are expressed as % inhibition 
of bronchospasm (+s.e.) 4 min after antigenic challenge 
compared with sensitised, control animals given antigen and 
saline alone. 


ICI 74,917 also possesses anti-allergic activity in other 
species. In the mouse, PCA induced by a reaginic antibody 
prepared according to Mota’ was inhibited, but the amount 
(0.5-2.5 mg kg™' intravenously (i.v.)) of compound required 
to achieve a regular dose dependent inhibition (27 to 67%) 
was higher than that required in the rat. Although there 
was no evidence of bronchodilator activity in the guinea 
pig, the compound, administered intravenously, conferred 
partial protection against systemic anaphylaxis and at doses 
comparable to those necessary to inhibit PCA in the rat, 
reduced in a dose-dependent manner allergic bronchospasm 
(Fig. 1) in guinea pigs passively sensitised with an homo- 
logous nonreaginic antibody prepared according to Davies 
et al’. On the other hand, ICI 74,917, even at relatively 
high doses, did not inhibit PCA induced with the same 
antibody, suggesting in this species, some tissue specificity 
for the compound. Disodium cromoglycate showed no 
activity in these models in the mouse or guinea pig at doses 
up to 50 mg kg™' i.v.. 


Table 1 A comparison of ICI 74,917 and disodium cromoglycate on 
reagin-mediated PCA 


Compound Antigen-antibody ID so (mg kg~ti.v. Relative potency 


system + 95° confidence(-+ 95 °% confidence 
tes al | : limitsg limits) 
Disodium Egg albumin 2.8 + 0.2 1.0 
cromoglycate N. brasiliensis 3.4 + 0.2 1.0 
ICI 74,917 Egg albumin 0.009 + 0.0005 323 = 30 
N. brasiliensis 0.01 -+ 0.0006 308 + 24 ° 
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These studies have shown that ICI 74,917 exhibits anti- 
allergic properties additional to those possessed by disodium 
cromoglycate in that it is effective in laboratory species 
other than the rat. ICI 74,917 may therefore be of value in 
the treatment of allergic conditions in man. 
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Regulation of clonal development of 1 niin. , 
responding cells by antibody of maternal origin 


PASSIVELY administered antibody can regulate homologous — 
antibody production in adult animals but the mechanisms- 
are not completely understood’. Maternal antibody trans- 
mitted to the foetus also has such an effect’. This effect 
is usually transient and reversible: animals regain the 
ability to respond to antigen after passively administered 
antibody is removed’*, Adoptively transferred spleen cells 
from donor animals previously exposed to antibody are 
also able to respond normally’. Mature B and T cells seem 
also not to be affected by exposure to passively administered 
antibody*”’ 

It is not known if passively administered antibody has 
any influence upon the clonal development of immune cells. — 
So, we studied the effect of the administration of specific ` 
maternal antibody on the ability of progeny to mount anti- — 
bodies against the appropriate antigen. This was under- _ 
taken because in certain species the progeny are exposed _ 
to maternal antibody in utero during the course of foetal 
clonal development of immune cells". We found that clonal 
cells responding to at least some antigens may proliferate 
as a consequence of being exposed to homologous antibody 
during foetal or neonatal life. 

Female C;H/He mice were immunised several times with 
sheep red blood cells (SRBC) before mating. The progeny, 


EDU entation anaana 


Table 1 Plaque-forming ability of normal and SRBC mice 
to SRBC in adoptive transfer experiments 





Average PFC in recipient spleens 


Donor spleen No.of mice per 10° donor spleen cells <:s.e. 
Normal mice 10 538 + 344 


SRBC mice* 11 506 +291 
Spleen cells of 3-week-old normal or SRBC mice were transfer $ 
to syngeneic normal X-irradiated mice. Recipient mice were immut 
ised intravenously with 4x 10° SRBC 8 d before being assayed fe 
their splenic PFC response. PFC to SRBC was assayed as deser 
PFC in recipients that received either no antigen or no donor « 
were negligible. : 
* Progeny mice whose mother had received SRBC immunisation i 
several times before mating. 









SRBC mice, were bled at 3 weeks of age and spleen cells 
© were transferred to normal syngeneic X-irradiated mice. 
The numbers of plaque-forming cells (PFC) to SRBC 
amongst the recipient spleen cells were assayed 8 d after 
antigen injection. Spleen cells from progeny of nonimmune 
mothers were treated and tested in the same way as a 
control. 

_ It was found that the number of PFC to SRBC amongst 
the spleen cells of recipient mice were similar whether 
recipients received donor spleen cells from normal or SRBC 
E mice (Table 1). At the time of cell transfer, SRBC mice 
had a high titre of anti-SRBC antibody in their serum 
oe which should have been sufficient to suppress active produc- 
tion of antibody to SRBC. These results suggest that 
maternal antibody against SRBC does not affect the foetal 
development of specific immune responding cells. 

When similar experiments were done using DNA as the 
test antigen different results were obtained. Female C,H/He 
mice were immunised several times with denatured calf 
hymus DNA to attain high titres of anti-DNA antibody. 
The progeny, DNA mice, from immunised mothers were 
then treated in the same way as SRBC mice substituting 
DNA as the specific antigen. The numbers of PFC to 
calf thymus DNA amongst spleen cells from recipients who 
received spleen cells from DNA mice were three to four 
times those of the controls (Table 2). Although the number 









Table 2 Plaque-forming ability of normal and DNA mice 
to DNA in adoptive transfer experiments 





Average PFC in recipient spleens 


Donor spleen No.of mice per 10° donor spleen cells +s.e, 
| Exp. | Exp. 2 
Normal mice 3 40.1 2.7 41,22.12.9 
DNA mice* 3 117.9+ 19.0 161.7 37.7 





Experimental procedures are essentially the same as those in 
Table 1. Heat-denatured calf thymus DNA was conjugated with equal 
amounts of methylated bovine serum albumin and emulsified with 
complete Freund's adjuvant. Recipient mice were challenged to a 
single injection of antigen (100 pg as DNA) subcutaneously. Anti- 
DNA PFC were assayed using SRBC coupled with DNA by 
chromium chloride. PFC in recipients that received either no 
antigen or no donor cells were negligible. 

* Progeny mice whose mother had received DNA immunisation 

several times before mating. 


of animals studied and the number of antibody-producing 
cells were small, the differences were significant. 

Another experiment also showed the increased PFC 
response to DNA in DNA mice. Maternal anti-DNA anti- 
body in DNA-mice became undetectable by 6 weeks of 
age. Normal and DNA mice were challenged with DNA 
at this age and the PFC response in their spleens was com- 
pared 4 d after DNA injection. As shown in Table 3, PFC 
in the spleen cells of DNA mice were much more than 
those of control mice. 

The enhanced ability of DNA mice to respond to DNA 
is probably mediated by passively transferred maternal 
antibody, although the possible involvement of other factors 
such as passively transferred antigen, carrier protein, and 
adjuvant were not considered in these experiments. The 
observed effect of anti-DNA antibody (presumably 
` maternal) in the progeny seems to be different from the 
suppressive effect of antibody on active antibody production 
in adult mice, as the enhanced ablility to respond to PNA 
in DNA mice remained even after removal of antibody. 

Increased PFC response to DNA in DNA mice may be 
interpreted as a result of maternal ‘anti-DNA antibody in- 
fluencing the clonal development of DNA-specific immune 
responding cells in the progeny. We do not know to what 
extent these observed effects of maternal antibody are 
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Table3 PFC response in normal and DNA mice challenged to DNA 


TAARA A at nana Arete reer ABARAT RASH THETA SEP OAH 


Group No.of mice Average PFC per spleen <-s.e. 
Normal mice T 1644- 750 
DNA mice 6 4642+21 





_ Six-week-old normal and DNA mice were challenged to a single 
injection of DNA and were assayed for their splenic PFC response 
4 d after antigen injection. 


general. Antigen selectivity clearly exists. DNA is a weak 
antigen, probably because of its self-antigen nature’. The 
clonal development of immune responding cells to DNA 
may be suppressed during ontogeny of the immune systems, 
and this may in some way be modified by maternal anti- 
DNA antibodies. Antigen selectivity and the mechanism 
of this phenomenon need further clarification. A detailed 
paper will be published separately. 
This work was supported partly by a Grant in Aid for 
Scientific Research from the Ministries of Education and 
Welfare, Japan. 
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Activation of suppressor T cells 
by tumour cells and specific antibody 


IMMUNOSUPPRESSION by passively administered antibody has 
long been known (see ref. 1 for review) and as antibody 
can cause enhancement of tumour growth’’, particular 
attention has been paid to the role of antibody-mediated 
immunosuppression in tumour immunology. Hellstrom ef 
al. have emphasised that blocking factors, most likely 
antigen-antibody complexes‘, suppress cell-mediated im- 
munity and thus play a major part in the progression of 
tumour growth’. Suck blocking factors may be an important 
factor in the induction and/or maintenance of some forms 
of immunological tolerance". But the mechanism remains 
obscure. 

Some thymus-derived lymphocytes (T ceils) may suppress 
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the immune response of other cells**°, These suppressor T 
cells“, like antigen-antibody complexes, may play an im- 
portant part in the induction of some forms of tolerance’, 
and antigen-antibody complexes may exert their immuno- 
suppressive effects indirectly by preferential activation of 
suppressor T cells. Since the effective cell-mediated immune 
response to tumours usually requires the presence of T cells, 
it is difficult to demonstrate an additional suppressor popula- 
tion of T cells by such manoeuvres as thymus deprivation, 
which may deplete effector as well as suppressor cells. 

Previous studies have shown that hyperimmune isoanti- 
body to leukaemia L-1210 can ‘centrally’ inhibit the de- 
velopment of spleen cell-mediated immunity in C57BL/6 
mice’. Antibody was also shown to inhibit the development 
of macrophage-mediated immunity". Mice treated with 
antibody lacked the enlarged vacuolated ‘activated’ macro- 
phages which are usually observed in these mice 10 d after 
challenge with tumour. The peritoneal cells of mice pre- 
treated with antibody before inoculation with L-1210 were 
small, lacked stainable acid phosphatase granules, and 
showed no attached or engulfed tumour cells. Moreover, 
the addition of proved cytophilic antibody to L-1210 failed 
to restore the capacity of these monocytes to attach L-1210 
cells. The monocytes could, however, form rosettes with 
sheep erythrocytes’ or EL-4 leukaemia cells’? in the pre- 
sence of specific cytophilic antibody. The suppression was 
long lived, lasting 14-18 d, and requiring specific antigen as 
well as antibody to be produced. 

Since the assay for this macrophage function does not 
require the presence of T cells, we used it to investigate 
whether suppressor T cells are involved in passive enhance- 
ment of tumour growth. Our results suggest they do, since 
thymus deprivation completely eliminates the suppressive 
effects of passive antibody, as judged by the ability of 
macrophages to bind specific tumour cells in the presence of 
cytophilic antibody. 

C57BL/6 male mice from Jackson Laboratories, Bar 
Harbor, Maine, were thymectomised when 7 weeks old or 
sham thymectomised. One week later all mice were given 
850 rad of X irradiation from a Siemens stabilipan 250 kV 
source, at a dose rate of 85 rad min~’. On the same day 
5x 10° bone marrow cells from 7~8-week-old syngeneic mice 
were inoculated into the tail vein. 

Two experiments were performed; one 5 weeks after irra- 
diation and the other after 13 weeks. The results of the two 
separate experiments were similar and the pooled results 
are given in Table 1. A single dose of 0.4 ml of hyper- 
immune antibody raised in CS7BL/6 mice by multiple 
immunisations with 510° L-1210 cells was given intra- 
peritoneally (i.p.) 1 d before tumour. Mice were then chal- 
lenged i.p. with either 510° live L-1210 cells or 25x 10° 
or 50X10° L-1210 cells, killed by previous treatment with 
mitomycin C (2 mg per 80X10° tumour cells at 37° C for 
60 min). 

Cytophilic antibody (0.3 ml) was injected with 2.5 x 10° 
L-1210 cells i.p. into mice 10 d later, 5 h before killing. 


Table 1 Ability of macrophages of lethally-irradiated bone marrow restored CS7BL/6 mice given various treatments to attach L-1210 tumour | 


Fig. 1 a, Representative field from a 3+ positive slide. 
Thirteen macrophage cells surround three tumour cells ma 


clump. b, Representative field from a negative slide. Three 
macrophages without any attached tumour cells are present. ` 


Three tumour cells are also present. The dark cell in the 
middle is unidentifiable. 4 


After killing the peritoneal cavity was lavaged with 6 ml 


* 





of Fischer’s medium. The lavage fluid was centrifuged at : 
1,000 r.p.m. for 6 min and the cell pellet was gently re- 
suspended. Covered wet-droplet preparations on a glass slide 


were coded and then examined ‘blind’ using a phase con- 


trast microscope. Previous studies have shown that. the- 


assay can be done entirely in vitro and gives similar results. 


Results were given an arbitrary ‘score’ of 0 to 4+ after ce 
recording the percentage of macrophages with attached: 
tumour cells and the number of tumour cells that attached 


to each macrophage. The appearance of the tumour cells 
and the macrophages (size, presence of refractile granules, 


cells in the presence of cytophilic antibody 


Treatment 


°% of macrophages 
No. of mice Score assay for with attached 
Thymectomy Antibody (day 11) rosettes (+ s.d.)t tumour cells (+ 5%) 
Tumour (day 10) ‘ 
Sham m 6 2.3 + 0.5 50 
Sham +. I0 » 0.4 af 0.5 < 10 
Sham 4- (M)* 6 0.0 ae 0 < 10 
+ ~ 7 2.6 + 0.5 45 
f e+ . 9 2.2 + 0.4 45 
+ -+ (M)* 4 2.3% -+ 0.3 40 
* Mitomycin C-treated tumour e 


+ See text 
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degree of vacuolation and the presence or absence of 
clumping were also recorded. A score of 0=less than 10% 
of peritoneal macrophages with attached tumour cells; 
I+ = 10—30%; 2+ = 30-50%; 3+ = 50-75%; and 4+ 
= 75-100% with attached tumour cells. 

At least two slide preparations were read for each experi- 
mental animal. The mean and standard deviation of the 
arbitrary scores were calculated for ease of comparison. 

Pretreating mice with isoantibody without also giving 
tumour has no effect on the attachment of macrophages to 
tumour cells”. Also, the peritoneal macrophages of normal 
mice not given isoantibody and inoculated with tumour 10 d 
previously, bind the tumour extensively whether or not 
additional cytophilic antibody is given". These controls 
were not repeated in the present studies. 

The results (Table 1) show that more than 30% of the 
macrophages from sham-thymectomised, lethally-irradiated, 
bone-marrow-reconstituted mice which were otherwise un- 
treated attached L-1210 cells (about 3-5 cells per macro- 
phage) (Fig. la) in the presence of cytophilic antibody. If 
these mice were treated with viable or mitomycin C-killed 
tumour cells plus isoantibody 10 d before assay, less than 
10% of the macrophages attached tumour cells (Fig. 1b). 
Significantly, pretreatment with isoantibody and L-1210 did 
not alter the capacity to attach L-1210 cells in the thymus- 
deprived mice which attached tumour cells in a way in- 
distinguishable from those of the sham-thymectomised 
untreated (‘normal’) animals. 

These data clearly demonstrate the thymus dependence 
of the ability of antibody and tumour cells, perhaps acting 
as complexes, to suppress the binding of tumour cells to 
macrophages in the presence of cytophilic antibody. 

The mechanism by which the T cells exerted their sup- 
pressive effect on macrophages is not clear. Others have 
shown that lymphocytes can make factors which specifically 
arm macrophages". Perhaps they can also make specific 
factors which act to disarm macrophages by serving as 
receptors which transmit an inactivating signal when trig- 
gered by antigen. Alternatively, the arming factors in excess 
may act in an inhibitory fashion. Whatever the mechanism, 
the results clearly show that at least one aspect of antibody- 
induced immunosuppression is indirectly mediated through 
T cells. Another form of T-cell dependent antibody- 
mediated suppression is that produced by anti-allotype anti- 
body". Previous work has shown that T cells can suppress 
the immune functions of other T cells and B cells’-”. 
Macrophages must now be added to the list of cells affected 
by suppressor T-cell activity. The precise significance of 
inhibition of macrophage-mediated immunity in the en- 
hancement phenomenon remains to be determined. 

The way in which antigen and antibody, perhaps acting 
as complexes, activate the suppressor T cells is also unclear. 
One possibility is that the antibody changes the molecular 
configuration of the antigen. It is well known that the jim- 
munogenicity of antigen is highly dependent on the physical 
state of antigen” and in so doing, perhaps, change the T 
cell response to it. The demonstration by Chan and Sinclair 
that removal of the Fc fragment from antibody reduces its 
immunosuppressive qualities” Suggests another possible 
mechanism. Some T cells may have receptors for the Fe 
portion of some antibodies and the attachment of antigen- 
antibody complexes at this site might cause them to exert 
a suppressor function. 

In any case, our results offer a possible bridge between 
two recent observations: the thymus dependence of 
tolerance induction to some antigens’:™ and the pregence 
of immunosuppressive antigen-antibody complexes in other- 
wise tolerant mice". The suppressive complexes may act 
through the agency of suppressor T cells. 

This work was supported by grants from the US Public 
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Polyanions and lipopolysaccharide 
acts on different subpopulations of B cells 


WITH respect to maturation stage, function, and cell surface 
constituents, lymphocytes bearing immunglobulin on their 
(B cells) comprise a heterogenous population. It has been 
suggested! that binding of mitogens to membrane surface 
surface constituents triggers the events leading to stimulation of 
cell mitosis. The various B cell mitogens can be divided into 
different chemical classes and different types of mitogens 
presumably react with different membrane surface constituents. 
According to these assumptions we tested whether various B 
cell mitogens act on the same or on different subpopulations of 
B cells. 

Two kinds of experiments were performed. First, spleen 
cells of nude mice (BALB/c nu/nu lacking functioning T cells) 
were cultured with optimal doses of various B cell mitogens or 
with a combination of two different mitogens (both added to the 
cultures in optimal doses). Second, BALB/c mice 8 — 10 weeks 
old were thymectomised. One week later the mice were lethally 
irradiated and injected with syngeneic bone marrow cells 
(TXBM-mice) as described earlier?. Spleen cells derived from 
TXBM-mice were cultured at various times after irradiation and 
after injection of bone marrow cells (XBM-procedure) 
with dextran sulphate (DS), with lipopolysaccharide from 
Escherichia coli O 55: BS (LPS, Difco) or with phytohaemag- 
glutinim-P (PHA, Difeo). The results and the experimental 
details are given in Tables 1 and 2. 

As already reported** polyanions, for example DS (molecular 
Weight 5 x 10°, Serva, Heidelberg) and double-stranded 
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Table 1 Effect of combinations of DS, poly (1). poly (C) and LPS 
on activation of DNA synthesis in nude spleen cells 


c.p.m. Stimulation 

Dose per index 
Mitogen (ugml-') culture 
— 0 852 1.0 
DS 50 14.850 18.0 
LPS 50 10.640 12.5 
poly (1). poly (C) 200 7.071 8.3 
DS + LPS 50 + 50 31.950 37.5 
DS + poly (1). poly (C) 50 + 200 9.031 10.6 
poly (1). poly (C) + LPS 200 + 50 17.380 20.4 


Spleen cells suspensions (2 x 10° ml") in a total volume of 3 ml 
were cultured in RPMI-1640 medium (Biocult) supplemented with 
5% fresh heat inactivated (56° C for 30 min) human serum; 1l- 
glutamine (2 mmol ml), penicillin (100 U ml) and streptomycin 
(100 ug mi-*). The cultures were incubated in a humidified atmosphere 
of CO,: air, 5 : 95 at 37° C for 48 h. The mitogens were dissolved in 
sterile saline (LPS boiled for 1 h) and 0.1 ml of each solution added to 
the cultures. Controls received saline instead of mitogens. Two 
uCi of tritiated thymidine (specific activity 2 Ci mmol", Radio- 
chemical Centre, Amersham) were added for the last 4 h of incubation. 
The radioactivity in the trichloracetic acid-insoluble fraction was 
determined as described earlier’. The results are expressed as c.p.m. 
per culture and as stimulation indices (c.p.m. in mitogen treated 
culture/c.p.m. in control culture). Each value represents the mean of 
c.p.m. detected in five individual cultures. Standard deviation was 

less than 10%. 


homopolyribonucleic acids are B cell mitogens. As shown in 
Table 1, spleen cells gave an additive response to DS and LPS or 
to poly (I) + poly (C) and LPS, when both types of mitogens 
were added simultaneously to the cultures. These results indicate 
that LPS and polyanions probably act on different subpopu- 
lations of B cells. Since dose response studies (data not given 
here) showed that higher doses of polyanions gave a smaller 
response than the optimal doses used in this study, the de- 
creased response of the cells to two different polyanions when 
they were given simultaneously may indicate that polyanions 
acts on the same subpopulation of B cells. 

One week after the XBM procedure, spleen cells derived from 
TXBM mice responded to DS and to PHA but not to LPS. 
LPS-positive cells are first seen in the spleen 2 weeks after 
XBM-procedure. According to the kinetic studies (Table 2) we 
postulate that the B cell population responding to DS represents 
a less matured B cell population than the LPS-reactive B cells. 
Both populations, however, seem to belong to cells bearing 





Table 2 Kinetics of appearance of DS-, LPS- and PHA-reactive 
cells in spleen of TXBM mice 


Time after Stimulation index 
week XBM-procedure DS LPS PHA 
| 6.4 0.7 2.9 
2 15.9 2.1 4.7 
5 8.4 28.4 5.3 
7 10.2 10.1 5.8 


Spleen cells derived from TXBM-BALB/c mice (1-7 week after 
irradiation and bone marrow injection) were cultured for 48 h and the 
incorporation of *H -thymidine into the DNA was measured. Cultures 
stimulated by PHA received 2 pg PHA per ml medium. For details 
see Table 1. The results are expressed as stimulation indices. Each 
value represents the mean of c.p.m. detected in three individual 

cultures. Standard deviation was less than 10%. 


immunglobulin on their surface since pretreatment of a normal 
spleen cell population by polyvalent rabbit anti-mouse-y- 
globulin serum and complement (data not given here) destroyed 
the capacity of the cells to respond to both DS and LPS but not 
to PHA. On the other hand it has been shown? that DS but*not 
LPS stimulates DNA synthesis in bone marrow cells of mice. 
Moreover, the stimulation rate of bone marrow cells derived 
from TXBM mice by DS was significantly enhanced compared 
with the reactivity of normal bone marfow cells*. These results 
and the observation that DS stimulates mice fibroblasts in vitro 
(U. Saar and T. D., in preparation) indicate that the mitotic 
activity of DS is not restricted to lymphoid cells and that DS 
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may also be useful for studies on cell differentiation in other 
systems. 
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Brain-associated tumour antigens 
demonstrated by immunofluorescence 


Ir has been reported that lymphocytes from patients with 
cancer react with a basic protein of myelin, suggesting that 
brain shares antigen(s) with malignant tumours’. The brain 
also possesses an antigen in common with the thymus’. 
Using a heterologous anti-brain serum we have investigated 
the presence of brain-associated antigens in tumour cells 
and in lymphoid cells. 

Anti-rat brain serum was produced in rabbits by three 
subcutaneous weekly injections of 1 ml of brain homogen- 
ate, containing 10 mg nitrogen, in an equal volume of 
complete Freund’s adjuvant’; the rabbits were bled 7 d 
after the third immunisation. 

The rat tumours studied were: gliomas and schwanno- 
mas induced in the offspring of pregnant DA Agouti rats 
injected intravenously with ethylnitrosourea (10 mg per kg 
body weight)", spontaneous mammary carcinomas in inbred 
Agouti rats, a squamous cell carcinoma’ in inbred Wistar 
rats, and Walker carcinoma in outbred Hooded Wistar 
rats. Unfixed frozen sections, impression films and smears 
of brain, thymus, bone marrow, tumours and normal non- 
lymphoid tissues were examined by standard immuno- 
fluorescence procedures’. Cell suspensions from tumours, 
thymus, spleen and lymph node were made by gentle 
mechanical teasing in tissue culture medium 199. Liver 
and kidney cell suspensions were made by perfusion of 
the organs with 10 ml of calcium- and magnesium-free 
Hanks balanced salt solution containing 0.05% collagenase 
and 0.1% hyaluronidase, followed by incubation of the diced 
tissue in the same enzyme solution at 37° C for 30 min. 
Peripheral blood leukocytes, largely (>90%) lymphocytes, 
were separated from heparinised blood by centrifugation in 
a Hypaque-Ficoll gradient’. 

Sandwich immunofluorescence staining of cell suspensions 
and tissue preparations was carried out by procedures des- 
cribed in detail elsewhere*"*". The conjugate was fluores- 
cein isothiocyanate-labelled goat anti-rabbit globulin with 
a protein concentration of 0.8 g per 100 ml and a fluores- 
cein: protein molar ratio of 4.2. Before use, it was 
absorbed with human liver powder and rat liver homo- 
genate, so that by itself it gave no staining of the various 
microscopical preparatjons. 

The unabsorbed anti-rat brain serum stained the mem- 
brane and cytoplasm of all the rat tissues examined. After 
absorptions® with rat erythrocyte membranes, liver and lung 
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Table 1 Immunofluorescent staining of rat brain, tumours and thymus by anti-rat brain serum 


Antiserum 
absorbed with films of 


Erythrocytes, lung, Brain Tumours? Thymus Bone 
liver and 
hone mar r © y # ee ebe -e ai arte 25 = 
sj Br al El A e O ee 
z Kd 
Mammary 
carcinoma 
G iO iy a whe sobs en ope sb ae 


IAOEE IET RITETE irre ae RA ote Ae ee BECO LPAI AEE ENE TE EM OT A ATA AEN YR A AAA AI ARETE ELT A HP TY eee rar Aa AAAA iiA vir ih bi fare psd EENAA AAA rA AA AAAA AAA 


Staining of unfixed frozen sections, smears and impression 


Membrane staining of cell suspensions of 
Normal Bone Liver 
nonlymphoid Tumourst Thymus marrow* or 
tissues} kidney 
a in sane 
= 10065 100%, ae es es 
10027 100°- E - 
Da 10 pa <f ro j 
a 100°; erz 





* Bone marrow cells from thymectomised, irradiated and bone marrow-reconstituted rats. 
Rat gliomas, schwannomas, mammary carcinomas, squamous cell carcinoma and Walker carcinoma. 


* Normal rat heart, muscle, liver, _ kidney, testis and skin. 


homogenates, bone marrow cells from thymectomised irradi- 
ated and bone marrow-reconstituted rats, and dilution 1:4, 
this antiserum stained both the white matter and the 
cytoplasm of neurones and glia in unfixed frozen sections 
and impression films of the brain. Neuronal cytoplasm 
staining was best seen in sections of the cerebellum where 
there was strong reaction with the granular layer. The 
antiserum also stained the surface membranes of 100 pA 
of thymocytes, 61° of peripheral blood lymphocytes, 32% 
of spleen cells, 12% of lymph node cells, 12%, of normal 
bone marrow cells and less than 1% of bone marrow cells 
from thymectomised, irradiated ae rane marrow-reconsti- 
tuted rats. It also stained the cytoplasm of thymocytes in 
unfixed frozen sections, smears and impression films, but 
did not stain smears of bone marrow cells. In contrast, 
the antiserum stained neither the membranes of cell sus- 
pensions of liver and kidney, nor unfixed frozen sections 
of the following normal rat tissues: heart, muscle, liver, 





Fig. I 

rabbit anti-rat brain serum. a, Membrane staining of cell 

suspensions of rat mammary carcinoma (x 268), >, cyto- 

plasm Staining of impression films of rat squamous cell 
carcinoma (= 171). 


immunofluerescent staining of tumour cells by 


kidney, testis and skin. Moderate to strong membrane and 
cytoplasm staining in 100% of cells was, however, observed 
in all the tumours tested: gliomas, schwannomas, mammary 
carcinomas, squamous cell carcinoma and Walker carci- 
noma (Fig. 1). In all cases, no staining was observed in 
the parallel control tests with preimmune serum, absorbed 
in the same way as the test serum. 

The staining of brain sections was inhibited onl® by 
serum absorption with brain homogenates. However, thymo- 
cyte membrane staining was inhibited by serum absorption 
with rat brain homogenate or thymocyte cell suspensions 
but not by cell suspensions of mammary carcinoma, glioma 
or kidney, and thymocyte cytoplasmic staining by absorp- 
tion with homogenates of brain and thymus but not by 


homogenates of mammary carcinoma, ghoma or kidney. 
Tumour cell membrane staining was inhibited by absorp- 
tion of the antiserum with brain homogenate and cell 
suspensions of thymus and tumours (ghoma or mammary 
carcinoma) but not by absorption with kidney cell sus- 
pensions. Tumour cell cytoplasm staining was inhibited by 
absorption with homogenates of brain or tumours (ghoma 
or mammary carcinoma) but not by absorption with 

The prevention of brain staining only by brain homogen- 
ates points to the presence of an organ-specific brain anti- 
gen. The staining of the membranes of thymocytes and 
thymus-derived lymphoid cells and the inhibition of thy- 
mocyte membrane staining by brain or thymic absorptions 
support the findings of others of “brain-associated thymus 
antigen’. Our observations suggest that there is also a 
cytoplasmic thymic antigen common to brain and thymus. 
In addition there seem to be at least two brain-associated 
tumour antigens: the first is shared by brain and the cell 
membranes of tumour cells and thymocytes, because 
tumour cell membrane staining by our antiserum is in- 
hibited by absorption with brain homogenate or thymocyte 
suspension; the second is shared by brain and the cyto- 
plasm of the tumour cells investigated since tumour cyto- 
plasm staining was inhibited only by absorption with homo- 
genate of brain or either of the two tumours used. 
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Dr H. A. Ward for reading the manuscript and Margaret 
Share for technical assistance. 
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Susceptibility of xeroderma 
pigmentosum cells to chromosome 
breakage by adenovirus type 12 


DNA repair-deficient microbial systems have attracted consider- 
able attention because they offer an insight into the genetic 
control of sensitivity towards mutagens and carcinogens’. 
These studies have become highly relevant to man with Cleaver’s 
discovery? that cells of most patients with xeroderma pig- 
mentosum (XP) have a reduced level of DNA repair synthesis 
following ultraviolet-irradiation or exposure to several chemical 
carcinogens***. The impaired repair capacity of XP cells 
seems to result in their greater sensitivity towards the lethal- 
and chromosome-damaging action!” of those physical and 
chemical carcinogens which induce irreparable DNA altera- 
tions. On the other hand the behaviour of XP cells does not 
differ from that of controls when treated with several potent 
alkylating mutagens and carcinogensã™ +1213, 

To further characterise the response of DNA repair-deficient 
cells towards carcinogens and mutagens which belong in 
different categories, we have examined the effect of infectious 
and impaired human adenovirus type 12 (AD12) on cultured 
fibroblasts of three unrelated XP patients and three control 
subjects. AD12 was used because it readily infects cultured 
human cells, it replicates within the cell nucleus, it has a 
capacity to induce chromosome breaks in mammalian cells, 
including humans cells 1+1", and it forms intranuclear inclusion 
bodies (IB) which can be used to identify virus-producing 
cells}5-!6-1819 Since the repair capacity of the three XP cultures 
varied, we examined further whether different degrees of repair 
deficiency give rise to different sensitivities towards the chromo- 
some-damaging effect of infectious and ultraviolet-impaired 
AD12. 


Fraction of cells with IB 


UV dose (ergs mm 7) to AD 12 


Fig. 1 Effect of ultraviolet irradiation on the capacity of ADI2 
to form IBs in three XP cell cultures (XP-E, XP-C, XP-K) and 
control. Samples were taken 48 hafter infection. Virus suspensions 
were spread in a thin layer in a 60 mm Petri dish and irradiated 
under constant agitation with a Sylvania germicidal lamp 
(G15T8). At a distance of 7 inch this gave a dose of 30 ergs mm“? 
s71, Following irradiation the virus preparation was immediately 
added to the fibroblast cultures. The virus absorption time was 
4h at 37° C. The original nonirradigged ADI2 preparation 
had an input multiplicity of 50 TCD;. per cell. In each sample 
2,000 to 2,100 nuclei were screened for the presence of IBs. Two 
coverslip cultures were used for each sampling point. ©, Controls 
(average of three a at @, XP-E; A, XP-Ce 
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Cultured fibroblasts were obtained from small skin punch — 
biopsies of three unrelated XP patients and three control- 
persons of comparable age. The stock cultures were kept in 10 
cm diameter plates (Falcon plastic) placed in a CO, incubator 
and were fed Eagle’s minimum essential medium 
supplemented with 20% foetal calf serum (FCS) an 
biotics. For the experiments monolayers of cells were 
on glass cover slips (20 x 20 mm) which were kept in sme 
plastic plates. The level of DNA repair synthesis, which. was » 
estimated by measuring the unscheduled uptake of 3HTdRe, 
was about 21° for XP-E, 32% for XP-C and 56% for XP-Kas 
compared to that found in three control subjects following ee 
ultraviolet. irradiation. The stock preparations of ADI2, 
prototype strain Huie, contained 10? TCD® per 0.2 ml as oo 
determined by titration in human embryonic kidney cells. 
The AD12 preparations seemed to be free of PPLO and adeno- _ 
associated virus (AAV), as judged by electron-microscopic 
examination. Cells with replicating virus were identified by the - 
presence of intranuclear inclusion bodies (IB) which are the 
replication site of adenovirus'®1*'*1!*, The frequency oi IB 
parallels results obtained on plaque assays'***° and is depen 
on the input multiplicity of the virus. IB and chromos 
aberrations were analysed on preparations which wer 
treated with citrate solution, fixed with ethanol-acetic 
(3:1) and stained with a 2% solution of aceto-orcein. > 


The frequency of XP cells which support viral replicatior 
was compared with that in control cultures by counting 
proportion of fibroblasts containing IB. In samples taken 
48, 72 and 96 h after infection with nonirradiated AD12 
frequency of cells containing IB in the three XP cult 
examined depended on the ratio of viruses to cells and closel; 
resembled that of controls. But there was a marked differet 
between XP cells and controls following infection with ult 
violet-irradiated virus. Relatively small doses of ultraviole 
irradiation which did not alter the frequency of IBs in control. 
cultures reduced the capacity of AD12 to replicate and form. 
IBs in the XP cells (Fig. 1). The capacity of ultraviolet-impaired 
AD12 to form IB was abolished faster in XP cells with a severe 
repair deficiency than in those with a less affected DNA repair 
capacity. 

There was a slight increase in the frequency of IB-containing 
XP cells with time after infection with ultraviolet-irradiate 
(90 to 1,800 ergs mm?) AD12, but even after 96 h their fre- 
quency did not reach the level found in cell populations of 
nonafilicted persons. The extent of recovery of the replicative: 
capacity of ultraviolet-impaired ADI2Z also depends on the 
degree of repair deficiency of the host cell. For example, 
ultraviolet doses of more than 1,800 ergs mm” destroyed. 
capacity of the AD12 to recover its replicative potential in 
XP-E cells, whereas a slight recovery occurred in the less _ 
repair-deficient XP-C and XP-K cells and a restoration Of 
about 60°% took place in cells of nonafflicted persons. ee 

The extent of AD12-induced chromosome aberration was ee 
estimated by counting the number of metaphase plates with at 
least one chromatid or chromosome break or one chromatid = 
exchange and by calculating the average number of chromo- - cS 
some aberrations per metaphase plate. There was no significant Le 
difference between the frequency of XP cells with chromosome 
aberrations and that of controls when infected with the same 
numbers of nonirradiated AD12 and sampled 30, 48,72 or 96h 
after infection. But the behaviour of the three XP cell cultures __ 
(XP-E, XP-C and XP-K) departed from that of the controls. 
following infection with ultraviolet-irradiated AD12. Virus E 
preparations irradiated with relatively small doses of ultraviolet 
were less capable of inducing chromatid and chromosome 
breaks in XP cells during the first two days after infection 
(Table 1). The frequency of chromosome aberrations Wi 
lower in those XP cells which had a severe DNA repair de: 
ciency than in XP cells with a less impaired repair system. TI 
pattern of survival of a viral function, which can be clearly 
observed in early samples after infection, closely resembles — 
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that of IB formation in XP and normal cells following infection 
with ultraviolet-irradiated AD12 (Fig. 1). 

In the XP cells examined the chromosome damaging action 
of ultraviolet-irradiated AD12 seemed to become restored at a 
later stage after infection (Table 1). The severity of chromosome 
breakage was also greater in samples taken 72 or 96 h after 
infection. In the 48 h samples chromatid breaks (Fig. 2a) were 
the major type of aberration, whereas fragmentation of the 
entire chromosome complement (Fig. 24), which leads to the 
formation of micronuclei (Fig. 2c), predominated in the later 
samples. The IB-forming capacity of AD12 which received a 
dose of 3,600 ergs mm`? was either not restored (XP-E and 
XP-C cells) or showed only a slight recovery (XP-K_ cells) 
within the 96 h period, 





Fig, 2 Part of a metaphase plate of an XP-E culture infected 

with ultraviolet-irradiated AD12 (720 ergs mm). a, Sampled 

30 h after infection. Several chromatid and chromosome breaks. 

b, Sampled 96 h after infection. Fragmented chromosome 

complement. c, Part of a cell with multiple micronuclei of an 

MP-E culture infected with ultraviolet-irradiated ADI2 (720 
ergs mm?) and sampled 96 h after infection. 


Controls and XP cells seemed to differ in the extent of 
chromosome damage rather than in the type of chromosome 
aberrations which followed infection with nonirradiated or 
ultraviolet-irradiated AD12. Chromosome fragmentation occurs 
in the examined XP cells as well as in controls (Table 1). 
Furthermore the nonrandom distribution of chromosome 
aberrations which was observed in cultured fibroblasts of 
normal persons’ and patients with Edward's syndrom” also 
occurred in XP cells following infection with nonirradiated or 
ultraviolet-irradiated AD12. For example following infection 
with ultraviolet-irradiated (180 ergs mm?) AD1I2 59 a OF as 
58% and 65% of all chromosome aberrations accumulated in 
chromosome | and 17 of XP-E, XP-C, XP-K and controls 
respectively, although their combined length was just over 10°% 
of the entire chromosome complement. Furthermore most 
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Fig. 3 Distribution of chromatid and chromosome breaks along 

chromosome I and 17 of controls and XP cells (XP-K, XP-E, 

XP-C) following infection with ultraviolet-irradiated (180 

ergs mm") AD1I2. Samples were taken 30 h after-infection. 

For each sample, 60 cells with chromosome aberrations were 
analysed. 


chromatid aberrations were located near the end of chromo- 
some {| and in the region of the secondary constriction of 
chromosome 17 (Fig. 3), which agrees with previous observa- 
tions on cells with a normal and trisomic karyotype”. 

Thus the repair of ultraviolet-irradiated viral genomes, and 
hence the restoration of replication and chromosome-damaging 
function, occur at lower levels in XP cells than in host cells 
with an unimpaired DNA repair system. But even in XP cells 
ultraviolet-irradiated AD12 induces a relatively high frequency 
of chromosome aberrations, which are manifested because the 
impaired virus cannot replicate and thus does not cause cell lysis. 
The data also show that the chromosome-damaging function 
is more readily restored than the replicative capacity of the 
virus. This may be because the first property requires only a 
part of a functional genome”. Furthermore, the degree of 
survival of these two viral functions depends on the level of 
DNA repair capacity of the host cells. These results can be 
compared with the reduced T antigen formation and cell 
transformation in XP cells infected with ultraviolet-impaired 
SV40?? and the diminished virus production following infection 
with ultraviolet-irradiated herpes simplex virus?*. The marked 
increase in chromosome damage at the third and fourth day 
after infection with ultraviolet-irradiated AD12 is probably 
caused by a delayed recovery of viral function, either due to a 
slow-working excision repair in XP cells or to an exchange 


Table 1 Frequency and type of chromosome aberrations of xeroderma pigmentosum cells and controls following infection with ultraviolet- 
irradiated (3,600 ergs mm?) AD12 


Sampling time after infection (h) 


XP-E XP-C XP-K Control 
30 48 72 96 30 48 72 96 30 48 72 96 30 48 72 96 
Metaphase plates with chromosome aberrations (%)* 0O 4 12 45 0 6 30 59 0 16 60 79 63 44 31 16 
Types of aberrationst | 
Chromatid breaks (1—9)f. 0106 40 0 0 98 28 0 0 50 4 | 96 25 28 26 
Chromatid breaks (10—60) 0 0 9 34 0 2 34 8 0 33 It 4 4 52 44 36 
Fragmentation (> 60) 0 0 51 66 0 0 66 92 O 17 85 95 0 23 28 38 


same RT LL EC CCNA aaanaaaaaaaaaa aaa, OOO MR antssnpestscstntenmameretemmnimtasasisiisirtinrammmmeeeeseaunuetaarmmanuneussesusin 


*Between 120 to 140 metaphase plates were analysed for each sample, The figures include only chromatid and chromosome breaks since 


chromatid exchanges were only occasionally seen. 


+Figures show the percentage of the total number of chromosome aberr@&tions. 
{Figures indicate the number of chromatid or chromosome breaks per chromosome complement. 
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type of repair between viral genomes in the host cell. 

In conjunction with previous reports, this study provides 
evidence that the sensitivity of XP cells varies towards different 
physical, chemical and viral carcinogens and mutagens (see 
ref. 24 for review). Similarly, cells of patients with Fanconi's 
anaemia have an elevated sensitivity to some but not all muta- 
genic agents*>. Cells of patients afflicted with XP and those 
with Fanconi’s anaemia differ in their response towards the 
same carcinogens. Such selective sensitivities of certain human 
groups will make the assignment of carcinogen and mutagen 
levels that are safe or tolerable to all human beings a difficult, 
if not impossible, task. 
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Radiation-induced 
nondisjunction in mouse oocytes ° 


Because chromosomal trisomy is found with relatively high 
frequencies in congenital malformations and spontaneous 
abortions in man, the aetiology of abnormal segregation is 
a pressing problem. One possible factor is exposure of 
women to diagnostic X rays", Experiments with Droso- 
phila melanogaster indicate that nondisjurs:tion can be 
induced by exposure of females to X rays™” especially if 
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the flies are old''?. Russell” reported an increase in induced 
monosomy in mice by examining the progeny of matings 
with sex-linked markers. But many aneuploids may be lethal — 
and the dosages used by Russell were large enough to cause 
loss of chromosomes by breakage. Recent advances in the 
technique of culturing mouse oocytes in vitro (ref. 14, modi- = 
fied by E. P. Evans and C. E. Ford) have made it possible 
to circumvent these difficulties by examining meiotic : 
chromosomes in second metaphase. The following experi- mos 
ment was designed to examine the effect of low doses of 
whole-body irradiation on chromosome segregation during ` 
first meiotic division in the oocytes of young female mice. 

(C;H X ICR /Swiss) F: hybrid females, aged 3 and 6 o> 
months, were exposed to 10 r., 20 r. and 30 r. whole body 
y irradiation from a “’Cs source at a focal distance of = 
51 cm with a rate of 29 r. min”. The dosage was kept low 
to minimise chromosome breakage. During exposure, the —__ 
mice were held in pie-shaped compartments of a round. 
plexiglass container. Equal numbers of control mice were o 
handled in identical fashion but were not irradiated. The 
mice and their paired controls were killed and their ovari 
removed within one week of exposure to radiation. No 
gonadotrophic hormones were used to stimulate oocyte. 
maturation or superovulation. os 

The oocytes were teased out of the ovaries and those. 
containing a germinal vesicle were incubated in foetal calf- 
serum for 18-23 h to obtain cells in second metaphase. They 
were then transferred into a hypotonic solution of 1% 
sodium citrate for 25 min and those in which the germinal 
vesicle had disappeared were prepared for chromosomal 
analysis. A maximum of five oocytes were carefully placed 
on a microslide, excessive hypotonic solution was removed. 
and a tiny amount of fixative (3: 1 methanol:acetic acid was ` 
dropped on the cells and quickly blown dry under the heat 
of a 25 W bulb. The chromosomes were stained with. 
Giemsa. The slides were coded, before the cells were scored, 
by three technicians. The number of cells on each slide was 
recorded so that all cells or remnants of cells were accounted 
for during the analysis. 

Metaphase H chromosomes were clearly analysable in 
1.149 irradiated oocytes and 1,054 controls. All identifiable 
chromosome breaks occurred in the centromeric region and 
could have resulted from premature separation of the chro- 
matids or rupture during slide preparation. They were - 
slightly more common among the irradiated cells (Table 1), ~ 
but a significant increase was observed only after exposure 
to 30 r. There were no acentric fragments and small chro- 
matid breaks, if present, could not be identified because of 
the characteristic shape of metaphase II chromosomes.” o0 

Six of the irradiated oocytes had an extra chromosome, __ 
that is, 21 chromosomes (Fig. 1). All other oocytes on the 
same slides were found and those with analysable metaphase 
chromosomes were positively identified as having 20 chro- 
mosomes. It is unlikely, therefore, that the extra chromo- 
some in these six oocytes had strayed from other cells. 
Since metaphase II chromosomes cannot be karyotyped, it 
is not possible to identify the extra chromosome in these 
cells. No oocytes with an additional chromosome were 
found among the controls. The difference between irradiated 
and control is statistically significant (P=0.02, Fisher exact 
test). 

Chromosome loss during slide preparation was most 
probably the cause of our finding oocytes with less than the 
haploid number of 20 chromosomes. Cells with fewer than 
19 chromosomes have not been tabulated. For each oocyte 
with@l chromosomes a complementary cell with 19 chromo- 
somes must have been produced to form the polar body. The- 
reverse should also hold true in the absence of preferenti 
segregation of one type of chromosome complement into. the 
polar body, that is, a similar number of polar body cells 
with 21 chromosomes could have resulted from the ab- 
normal segregation that produced oocytes with 19 chromo- 
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Table 1 Frequencies of numerical and structural aberrations in second metaphase oocytes of mice irradiated in vivo compared with 
nonirradiated controls 





Irradiated Nonirradiated 
No. of No. cells No. of No. cells 
oocytes No. of chomosomes with oocytes No. of chromosomes with 
Dose (r.) analysable 19 20 21 breaks analysable 19 20 21 breaks 
10 426 14 408 2 2 379 1] 363 0 5 
20 368 7 355 3 3 421 14 405 0 2 
30 355 13 330 | i] 254 6 246 0 2 
Totals 1,149 34 1,093 6 16 1,054 34 1,014 0 9 








‘ig. 1 Oocytes in metaphase H with 21 chromosomes from 
mice irradiated In vivo. 


somes, Since the latter cannot be distinguished from among 
the total number of oocytes with chromosome loss, the total 
frequency of nondisjunctional events can be estimated to 
be approximately double the number of oocytes with 21 
chromosomes, that is, 12, or 1%. 

The absence of hypermodal cells among more than 1,000 
nomirradiated oocytes in our sample agrees with Russell's 
conclusion’’ from phenotypic ratios that spontaneous non- 
disjunction during first meiotic division in the female mouse 
is exceedingly rare. On the other hand, examination of 
metaphase II oocytes of a GH inbred strain by ROhrborn® 
gave a spontaneous rate of 23% with extra chromatids 
among 128 metaphase II oocytes obtained from females 
after mating with vasectomised males and not pretreated 
with hormones. In a relatively limited sample reported by 
Yamamoto er al., no pure trisomy was observed among 
foetuses of young mice, irradiated and nonirradiated, but 
both spontaneous and induced nondisjunction was observed 
among the progeny of aged mice. These conflicting reports 
probably reflect strain variations as well as differences in 
experimental design. 

Human epidemiological studies have produced contradic- 
tery evidence on the effect of radiation on chromosome 
segregation. But most with negative results show a slight 
though insignificant increase in nondisjunction. One notable 
exception was the report on the effect of the atomic bombs 
in Japan’ but cytogenetic investigatjons are now beginning 
to reveal a significant increase in sex chromosome aneu- 
ploidies among the children of exposed parents. The 
human situation has emphasised the need for experimental 


confirmation. The results of our experiment indicate that 
nondisjunction can be induced in young female mice by 
exposure i vivo to low doses of radiation, 
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Very long stretches of free DNA in chromatin 


THE arrangement of histones along the DNA in chromo- 
somes has been studied using digestion of the chromatin 
with DNase’ and titration of the chromatin with poly- 
lysine” or certain dyes” as probes. The precision of these 
probes is limited by the extent to which DNA partially 
covered with histones will react with the enzymes or 
titration agents used". Furthermore, it has been noted that 
histones are redistributed along or between DNA fibres 
under’ conditions arising during the normal course of isola- 
tion and handling of the chromatin’~'*. This phenomenon 
may have strongly influenced the results obtained pre- 
viously. 
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Fig. 1 Long stretches of completely free DNA in DNP_r;. 
Mice carrying Ehrlich ascites tumour cells were injected intra- 
peritoneally with a mixture of methyl-?Hethymidine and L%C- 
lysine to obtain a double-labelled chromatin’®’"'?, Less than 
0.1°% of the total “C counts were in DNA and 0.1 0.2 2° of the 
total °H counts were in protein. The specific radioactivity of the e 
3H-DNA in the “C, #H-chromatin was usually 2 x 104-3 x 10! 
¢.p.m. pg. The “C *H ratio was usually about 0.6. 
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We have tried to examine directly the distribution of 
histones in the chromatin under conditions that minimise 
the redistribution of histones”, Our method is based on 
the direct detection and quantitation of the free DNA 
segments by equilibrium centrifugation of formaldehyde- 
fixed deoxyribonucleoproteins (DNP) in CsCl gradients 7, 
The use of highly labelled chromatin enables work at low 
DNP concentrations thus minimising aggregation of the é 
DNP, a 

Double-labelled chromatin (H-DNA, "C-protein) Was” rae 
used throughout our work. Briefly, unsheared chromatin > 
was prepared from mouse Ehrlich ascites tumour. cells. ‘gle 
which were simultaneously labelled in vivo with methyl’ H- 
thymidine and  L-"C-lysine’’'’*. The purified — chro z: 
matin"? was washed and suspended in 1 mM MgCl, ImM > 
Na»HPO,, pH 7.8 buffer to a final concentration of 20 0) 
ug DNA mi~. Purified total yeast tRNA was added to this 
suspension to a finai concentration of | mg mi™ and the- 
mixture was incubated at 0° C for 3-4 h (ref. 10). The- 
swelled gel was solubilised by treatment in a Dounce homo- 
geniser and the resulting soluble “C, *H-DNP lacking histone 
Fl and most nonhistone proteins (DNP-+:) was separated © 
from the tRNA~“C-protein complexes and from the free. 
tRNA by gel chromatography on Sepharose 2B (refs 10-12). ` 
No degradation of histones (as monitored by polyacryl- 
amide gel electrophoresis'""’) could be detected for up to 
48-64 h at 0-4° C in either the chromatin gel or the soluble 
unfixed DNP-r;. | 

Soluble “C, *H-labelled DNP; with an average chai : 
length of about 10 kbases (1 kbase==1000 bases or base 
pairs) was fixed with formaldehyde and centrifuged tò 
equilibrium in CsCl (Fig. 1). The majority of the DNP is” 
banded at a density of 1.46 g cm” with a prominent shoulder 
at a densities up to the density of the free DNA (1.70 g i 

`) (Fig. 1a). Thus, even in the sample containing high 
Relea weight DNA one could observe a. significant 
fraction of material which contained much. less protein than | 
the main component. 

When the formaldehyde-fixed DNP-p is sheared to an 
average chain length of about 0.5 kbase (Fig. 1d) the DNP 
is banded in two homogenous peaks with a negligible. 
amount of material of intermediate density. One peak has. 
the density of free ae (1.70 g cm™*) and the other. has a- 
density of 1.46 g cm™ (Fig. 1d) The first band (1.70) does. 
not contain any “C-label (protein). The second band (1.46). 
is characterised by a nearly constant “C/*H ratio through- | 
out the peak area; thus the width of this band is deter- 
mined almost entirely by diffusion. It should be noted that. 
no protein is removed from the fixed DNP upon shearing 
in either formaldehyde-free or formaldehyde-containing 
buffer’? +. 

The average length of the stretches of free DNA was 
estimated from experiments in which the intensity of - 
shearing was varied (Fig. 1). When less intensive shearing 
was used only a fraction of the free DNA was separated 
from the DNP-s,. Under these conditions some of the 
material is distributed between the densities of the two 
bands (Fig. 1b and ¢; compare d). The fraction of the 






The “C,H-DNP-,-, was obtained as described in the text, 
then fixed in 1° formalin“ and thereafter sheared to the 
required average chain length by mild or strong sonication or by 
passage through the water-cooled French press. Appropriate 
controls have shown that the results depended only on the final 
average length of DNA obtained but not on the particular 
mefhod of shearing used. The samples were centrifuged in __ 
CsCl at 45,000 r.p.m. for 70-75 h in the SW50.1 rotor (Spinco) 
at 10° C (refs 11 and 12). 

a, DNP_ +; 1 equilibrium pattern of the unsheared (~10 kbases) i: 
preparation in CsCl. 97°x 10! 3H c.p.m.; 28 x103 BC ep.m.; 
~10 pg of DNP. b, As a but after shearing of the fixed DNP- pi 
to an average length of about 4 kbases. c, As a but after shearing 
to ~1.2 kbases. d, As a but after shearing to about 0.5 kbase. 

©, *H-DNA; ©, #C-protein; X, density; BB “CPH. 
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Fig.2 Free DNA molecules inthe sheared chromatin. a, Sucrose 
gradient centrifugation. The "C,*H-chromatin!’"!? was washed 
in 5 mM TEA-HCI, pH 7.8, then suspended in the same buffer 
to a final DNP concentration of 10-20 pg DNA ml~! and there- 
after sheared to an average DNA length of about 0.5 kbase by 
a double passage through the water-cooled French press!®-12, 
The sheared sample was made | °% in formalin and thereafter was 
centrifuged through a linear 5-40% (w/v) sucrose gradient in 
the same buffer (35,000 r.p.m.; 3.5 h at 5° C in the SW40 rotor), 
b, As a but before layering on to gradient an equal volume of 
0.30 M NaCl, 4 mM MgCl, 5mM TEA-HCI, pH 7.8 was added 
to the sheared chromatin. After 15 min at 0° C the sample was 
fixed in 1% formalin and thereafter centrifuged as above. c, CsCl 
equilibrium pattern of the sheared chromatin fixed in 5 mM 
TEA-HCI, pH 7.8 (see a). d, CsCl equilibrium pattern of the 
sheared chromatin fixed in 0.15 M NaCl, 2 mM MgCl, 5 mM 
TEA-HCI, pH 7.8 (see 6). @, °H-DNA; ©, “C-protein:e il, 
“CPH; X, density, Arrows in a and 6 indicate the position of a 
dense sucrose shelf. 

_ To achieve a 90% recovery of the DNP in d, CsCl centrifuga- 
tion was carried out in the presence ef 0.5%, Sarcosyl NL97. 
Free DNA was recovered quantitatively either with or without 
Sarcosyl (data not shown). 
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material of intermediate density consists of DNA-—histone 


complexes linked to remaining stretches of the free DNA. 
This material is almost undetectable when shearing is more 
intensive (Fig. 1lb-d). The lengths of DNA molecules 
isolated from CsCl gradients were determined by sucrose 
gradient centrifugation in the presence of internal sedi- 
mentation markers (data not shown). Qne can estimate that 
the number average length of stretches of free DNA in the 
DNP-» is ~ 4 Kbases. The variability in length of free DNA 
segments in the DNP-»; remains unknown. It seems, how- 
ever, that there are few, if any, segments of free DNA 
longer than ~ 10 kbases (since no free DNA is present in 
the unsheared DNP.», preparation; Fig. la) and there 
are almost no segments of free DNA shorter than 1 kbase 
(since shearing to ~ 0.5 kbase results in an almost complete 
separation of free DNA segments; Fig Id). These estimates 
would indicate the maximal and minimal values while the 
actual variability of the chain length of free DNA in the 
DNP-.», may be, of course, much lower. 

The average length of histone-covered DNA in the 
DNP-p: is about four times that of the free DNA (since 
free DNA constitutes 20-22% of the total DNA: Fig. Id 
and thus equals about 14-16 kbases. It may be estimated 
that a stretch of 16 kbases of DNA covered with four 
histone fractions to a protein/DNA ratio of 1.1 (ref. 14) 
would be occupied by about 8xX10° histone molecules 
(assuming an average molecular weight of 13.500 for the 
histone). These four histone fractions are nearly uniformly 
distributed within the histone-covered stretch of DNA, as 
the fragmentation of DNA to ~ 0.5 kbase (corresponding 
to ~ 25 bound histone molecules) reveals no heterogeneity 
in histone distribution within histone-covered ‘blocks’ (Fig. 
ld). 

It was shown previously, that if the unfolding of chromo- 
somal DNP is carried out in the absence of Mg’ ions all 
DNA-bound histones may be redistributed”. This particular 
type of redistribution is completely blocked in already un- 
folded DNP preparations. If the unfolding-induced dedistri- 
bution of histones is allowed, it leads to a considerable 
decrease of the average length of free DNA segments in 
the unfolded, histone Fi-depleted DNP”. 

The implications of the above findings will be discussed 
below (see Fig. 5). 

Chromatin which was hydrodynamically sheared in a low 
(0.005) ionic strength buffer lacking divalent cations, 
sediments in a sucrose gradient as a single peak with a 
significant internal heterogeneity (Fig. 2a) The same 
DNP, when fixed with formaldehyde and centrifuged to 
equilibrium in a CsCl gradient, is banded as a single peak 
with even higher internal heterogeneity (Fig. 2c). 

The main result of this part of the work is that addition 
of approximately physiological concentrations of NaCl 
and/or MgCl. to the sheared, unfixed chromatin preparation 
results in the appearance of a bimodal distribution of the 
DNP after centrifugation in either sucrose or CsC} gradient 
(Fig. 2). For example, after a shift to 0.15 M NaCl, 2mM 
MeClh 5 mM triethanolamine (TEA)-HCl, pH 7.8, a signi- 
ficant (18-19%) proportion of completely free DNA mole- 
cules appears in the sheared chromatin (Figs 2b, d and 3). 
The average length of either total or free DNA in the 
experiment presented in Fig. 2 equals about 0.5 kbase. If 
the shearing of chromatin is less intensive, producing DNA 
chains with average length of 2-3 kbases, free DNA 
molecules are still present in the sheared chromatin after 
addition of NaCl and/or MgCl: but their percentage is 
decreased to 2-3% of the total DNA (data not shown), 

An additional feature of the sedimentation pattern of the 
sheargd chromatin ig 0.15 M NaCl, 2 mM MgCl. (Pig. 25) 
is that DNP particles, after liberation of the free DNA, 
sediment 20-30 times faster than the sheared chromatin 
before addition of NaCl and/or MgCl (Fig. 26; compare 
Fig.2a). Electron microscopy has shown that this effect is 
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Fig. 3 Percentage of free DNA molecules in the sheared 

chromatin as a function of the ionic strength of solution. Each 

point was obtained by calculating the percentage of the free 

DNA in a CsCl equilibrium pattern of the sheared chromatin 

(Fig. 2c and d) which was preincubated in 5 mM TEA-HCl, 
PH 7.8 plus stated concentrations of NaCl and MgCl. 


due to a collapse of the DNP accompanied by some 
aggregation of the DNP (unpublished data). 

Percentage of free DNA molecules obtained from 
sheared chromatin is increased from zero in 5 mM TEA- 
HCl, pH 7.8 to 26% in 0.24 M NaCl, 2 mM MgCl; 5 mM 
TEA-HCI, pH 7.8 (Fig. 3). At sufficiently high (0.10- 
0.25 M) NaCl concentrations Mg** is not necessary for the 
appearance of free DNA; the same result could be obtained 
also with NaCl/Na-EDTA mixtures. 

After a shift to 0.15 M NaCl, 2 mM MgCl; a small 
fraction (5—7%) of the DNP was reproducibly found cose- 
dimenting with free DNA molecules in the upper part of 
the sucrose gradient (Fig. 2b). This slowly sedimenting DNP 
banded in CsCl at 1.48-1.50 g cm™* and could thereby be 
separated from the free DNA (Fig. 2d and unpublished 
data). The significance and origin of this material remains 
unclear. 

Ehrlich ascites tumour cells labelled in the usual manner 
(see above) were suspended in 0.15 M NaCl, 2 mM MgCl; 
5 mM TEA-HCI, pH 7.8 and passed once through a water- 
cooled French press under a pressure drop of about 1.5 
kbar. The preparation was fixed in 1% formalin within a 
few seconds of shearing and thereafter centrifuged to equi- 
librium in CsCl gradient (Fig. 4). About 10-12% of the 
total DNA obtained is banded in the region of free DNA 
(Fig. 4). Appropriate controls (unpublished) have shown 
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Fig. 4 Free DNA molecules in homogenate of whole cells. 
a, An aliquot of the “C,“H-labelled ascitic fluid was immediately 
diluted ~200 times into 0.15 M NaCl, 2 mM MgCl, 5 mM 
TEA-HCIl, pH 7.8, then sheared to an average DNA length of 
about 0.5 kbase by a single passage through a water-cooled 
French press and thereafter fixed in 1° formalin within a few 
seconds after shearing. The sample was centrif uged to equilibrium 

in CsCl as described in the legend for Fig. 1. @, *H-DNA; * 
A O, “C-protein; -O-, YCH; X, density. 





















that most if not all free DNA is of nuclear origin. 
reproducible, but yet unexplained: feature of the CsCl p 
tern of the whole cell homogenate. is. the relativel 
density of the main DNP peak (1.45 g cm™* compar 
1.41-1.42 g cm™ for purified sheared. chromatin; 
and d). These data indicate that in homogenate O 
cells under physiological ionic conditions long 
of the free DNA are present. | 

At the present time it is unclear whether th í 
stretches of completely free DNA discovered in this 
have a functional significance with regard to transcript 
or whether they are structural features of the chromoso: 
irrelevant to transcription. Studies on the renaturat 
the free DNA and hybridisation of pre-mRNA 
DNA are in progress and should clarify this ques 
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Fig. 5 Possible mechanisms of formation of free DNA mokso 
cules in the sheared chromatin. a, An experimentally observed. 
mode of arrangement of histones other than F1 along unfolded 
chromosomal DNA (see Fig. 1 and the text). b, Generation of 
free DNA molecules in the sheared chromatin according. to an. 
‘asymmetric hairpin’ model of DNA packing in a chromomere 
(see the text). c, Alternative model for the generation of free. __ 
DNA molecules from sheared chromatin. Each DNP particle” 
contains only one DNA molecule (see text for details). 


At present we would like to consider another question: 
if there are only DNP particles in the sheared, soluble 
chromatin and no free DNA molecules (in the absence ¢ 
NaCl and/or MgCl:; see Fig. 2) what is the mechanism 
generation of free DNA molecules on shifting to physio 
logical ionic conditions} There are two explanations i 
5b and c). According to the first model shearing of chre 
matin in a low (~ 0.005) ionic strength buffer lacking 
divalent cation produces DNP particles which contain two ~ 















(or more) noncovalently linked DNA molecules per par- 
ticle. Such DNP particles are interpreted as fragments of 
the ‘asymmetric hairpin’ (Fig. 56). One branch of the 
hairpin is thought to contain tightly supercoiled DNP 
whereas the other branch is in a relatively extended form. 
Addition of 1-2 mM MgChk and/or 0.1-0.2 M NaCl induces 
separation of the branches, the final result being the libera- 
tion of free DNA molecules (which correspond to the 
extended branch) and of the supercoiled DNP particles 
(Fig. 55). The asymmetric hairpin model of DNA packing 
in the chromatin was suggested to explain the observed 
distribution of histones other than Fl along unfolded 
chromosomal DNA (Fig. 5a) and also to explain a par- 
ticular type of histone redistribution which occurs only at 
the moment of DNA unfolding in the chromatin but not 
after it (ref. 12: see also above). Furthermore, it should 
be noted that the average length of histone-covered plus 
histone-free DNA stretches (~20 kbases; see Fig. 5a) is 
comparable with the average length of transcripitional units 
in higher eukaryotes", Although the asymmetric hairpin 
model (Fig. 556) is formally consistent with the present 
experimental data, an alternative model (Fig. 5c) now 
seems more hkely. According to this model, each DNP 
particle in the sheared chromatin contains only one DNA 
molecule. In the presence of 1-2 mM MgCl, and/or 0.1-0.2 
M NaCl, interactions between different DNP particles, for 
example, during ‘dimer or aggregate formation (Fig. 5c) 
induce an ‘asymmetric’ redistribution of proteins between 
DNP particles in the dimer or in aggregates of higher 
order. As a result dissociation of such a complex produces 
one molecule of free DNA and one or a few molecules 
of DNA associated with increased amount of protein (Fig. 
Se). At present a more detailed model is not possible. 

The second model (Fig. 5c) is consistent with all results 
obtained with sheared chromatin (Figs 2 and 3 and un- 
published data) including the dependence of the final per- 
centage of free DNA on the ionic strength of solution 
(Fig. 3). Work is now in progress to distinguish between 
the two models (Fig. 5b and 5e). 

Although the in vivo significance of the long free DNA 
segments in the chromatin is not yet understood, it is clear 
that the fine structure of chromatin is strongly dependent 
on the tonic conditions of the medium. One should be 
careful when attempting to assess the significance of results 
of earlier studies on chromatic structure, which were 
carried out mainly at low ionic strength'®", 

We thank V. V. Bakayev and A. A. Bayev, jun. for col- 
laboration at later stages of the work, Dr V. N. Soyfer for 
providing ultracentrifuge facilities and N. N. Dobbert for 
technical assistance. 
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Erratum 


In the article ‘Relative-distance Machian theories’ by J. B. 
Barbour (Nature, 249, 328; 1974) paragraph 7, line 5 should 
read: 

of particles, and their derivatives r;; = dr,;/dA with respect 


Equation (1) should read: 


= WT (1) 
se 
a = (2 mmr PA i = 1, o N (ra = dr; ;/dd) 
i<j 
Poea MMilt i; 
i<j 


Paragraph 7, penultimate line should read: 
pendent of the time parameter (a sum like (WY + [Md would 


Equations (2) and (3) and the intervening explanation should 
read: 
L= YIS Mi; (x? aes 2X;X; -f bs) | gi (2) 
EZI 
and the Euler-Lagrange equations 
d 
cae j bakes Í 2 Ye 
T (CL/Ex;) == éLléx;, 
are 
df Ymp Big 
dà LP La: l a 
d [Ymy xí M m m;) -- 
dk F L je a EX; 
We can now Specialise both à; “taking 
ae Le. Feel 3 


iS] 
and the coordinate system, making it each that 


In these gece nies: which are ee by the uniquely 
determined relative motion, the equations of motion simplify to 
d f cF 
M eens ( tW m: xX D ee a 
ds ia EX; (3) 


In the last line, for y read ¥ 
Equation (4) and the next line should read: 
e m, dx,/dt = (I/M P)eF/ Ex; (4) 


where y = 
determined. 
Page 329, paragraph § line 2 should read: 

linear in the r;;8 to L (gyroscopic-type forces) or multiplying L 


I/MY is a gravitational constant that is 


Equation (5) should read 
mi dx;/dt = (1/MW) &W/éx, + (I/MỌ) eb/éx, (5) 


interdisciplinary communication and increasing 
fertilization of ideas across the artificial boundaries 
-created by overspecialization. This journal, published 
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Biological research has for too long suffered from 
restricted experimental attitudes and ‘vertical’ thinking. 
Now Differentiation, an important new 
publication, provides the opportunity for 


bi-monthly, offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon — differentiation. 

The first five issues contained papers on: 
Degree of differenuation in nonproliferating cells of 
mammary carcinoma. C. V. Wylie, P. K. Nakane and 
G. B. Pierce. 
Polyribosome profiles and polyribosome-associated RNA of 
Friend leukaemia cells followi ing DMSO-induced 
differentiation. H. D. Preisler, W. Scher and Charlotte Friend. 
Studies on cytology and differentiation in Sciaridae. 5. Electron siete studies on 
the salivary glands of Bradysia elegans Morgante (Diptera, Sciaridae). A. B. Da Cunha, 
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reviews 


Since India met Eurasia 


Ecology and Biogeography in India 
Edited by M. S. Mani. (Monographiae 
Biologicae, Vol, 23.) Pp. xix+773. 
(Junk; The Hague, 1974.) 190 guilders. 


INDIA (including Pakistan, Ceylon (now 
Sri Lanka), Nepal, Sikkim, Bhutan 
and Burma) provides a particular 
fascination to biogeographers, for it 
is the arena where a southern con- 
tinent, detached from the disintegrat- 
ing Gondwana continental block in the 





vicinity of south-east Africa and 
Madagascar apparently before the 


Maestrichtian towards the end of the 
Cretaceous period, finally traversed the 
Tethys Sea and collided with the south- 
ern shores of Eurasia perhaps in the 
Oligocene. The Indian Peninsula and 
Ceylon is the surviving fragment, but 
the Laccadive, Maldive, Chagos and 
Mascarene archipelagos represent sub- 
merged mountain summits of a larger 
part that collapsed as the great scarp 
of the western Ghats rose, consequent 
on the underthrusting of the northern 


margin of this continental plate 
beneath the southern margin of 


Eurasia: the other consequences of this 
underthrust have been the creation of 
Ganges-Indus plains and the massive 
Tertiary orogene that lifted the 
Himalayas. 

It may be supposed that two tropical 
Cretaceous faunas and floras, having 
evolved in isolation, met then for the 
first time: an essentially insular and 
probably largely oceanic rain forest 
biome from the south, and a much 
more diversified continental array in 
the north among which were neverthe- 
less the once vast but already retreating 
rain forests which stretched as far as 
western Europe in the Eocene, whose 
heirs now clothe the hills of western 
Malesia and south-east Asia. Sub- 
sequently the uplift of the Himalayas 
has created whole new environments 
for colonisation and, with the 
Pleistocene glaciations, has radically 
altered regional climate, while man has 
for long and increasingly destroyed or 
impoverished the Indian environment. 

It is the biogeographers’ task to ex- 
plain the distribution of modern biomes 
in terms of past events, and to trace 
the origin, migration and diversifica- 
tion of their component taxa. His ony 
direct evidence is  palaeontological, 
which in India is almost completely 
lacking between the lower Cretaceous 
and Miocene, and in the Peninsula 


decidedly scant thereafter. He must 
therefore fall back on an unavoidably 
speculative approach: but, by careful 
analysis of the phylogeny and ecology 
of selected groups, whose ecology, be- 
haviour and structure prevent rapid 
and distant dispersal in relation to 
their distribution, deductions from re- 
peating patterns can be made. Here he 
is aided by the rich and distinctive 
biomes of the Mascarenes, including 
Madagascar, which contain representa- 
tives of many groups that are unable 
to traverse any but the shortest breaks 


in their chosen habitat, and which 
provide valuable comparison with 


those of the Andaman and Nicobars 
to the north-east and of northern con- 
tinental origin. 

Professor Manis massive com- 
pendium largely fails to do this: it 
suffers from inadequate integration of 
the contributions from different 
authors, and overreliance on evidence 
from coincidence of modern distribu- 
tion patterns alone, presented by lists 
of species whose ecology, and phylo- 
genetic relationships where they exist, 
are either not discussed or are 
overgeneralised. The five introductory 


chapters on physiography, geology, 
climate and soils present valuable 
detail, but lack integration: as one 


example in many, a section on the 
microclimate within selected Indian 
crops is in no way integrated with the 
theme of the book. The editors own 
chapters in particular suffer from lack 
of maps to summarise the mass of 
geographical detail and place names 
quoted. The five chapters on vegeta- 
tion are particularly thin on ecology 
and contain many errors of detail. 
Ceylon is said to contain few endemic 
genera and species, yet in fact almost 
one third of the angiosperm species 
are endemic: Impatiens and Aposta- 
siaceae are wrongly stated not to occur 
in Malesia: Shorea is described as a 
characteristic genus of the western 
Ghats forests, yet the only species in 
fact occurring, S. roxburghii, is ex- 
tremely local and at the edge of its 
range there, The absence of tropical 
Amentiferae-sFagaceae, Juglandaceae. 
Myricaceae and Hammamelidaceae 
— and the extreme povérty of Erica- 
ceae and Coniferae is a salient feature 
of the peginsula and Ceylon demand- 
ing phytogeographic discussion, but 
there is none; the single native penin- 
sular conifer igs merely cursorily men- 
tioned as Podocarpus latifolius in one 





chapter, Decussocarpus latifolius in. 
another. Nowhere does the contrasting 
biogeography and ecology of forest and 
grassland in the peninsular mountains ~~ 
receive the interpretation it deserves; _ 
and indeed these mountains are stated 
to lack altitudinal zonation which is) 
quite incorrect. n 

The editor is a zoologist, and the 
main emphasis is zoological, the five. 
chapters on regional biogeography be-. 
ing in fact entirely zoogeographical.. 
This is reasonable and must depend on- 
availability of authors (though their 
titles are misleading), but once again 
the integrated approach is lacking. The. 
book’s introduction stimulates the 
reader with controversial statements 
dogmatically presented but he is ulti~ 
mately disappointed to find that, 
though they are often repeated, their: 
substantiation is never realised: where: 
is the evidence that the originat 
Gondwana flora and fauna were 
evolutionary “stagnant” or “degenerat- 
ing? when the Asiatic land connection 
became established? Indeed, though 
extensive descriptions of subsequent 
migrations in and out of the peninsula 
are included, where in the whole book 
are the taxa of acclaimedly Gondwana. 
origin, upon which this discussion must 
depend, convincingly identified by - 
reasoned argument? One is led to sus- | 
pect that, in spite of disclaimers, the 
evidence lies merely in the evocative 
but probably irrelevant relict distribu- — 
tion patterns of a wide range of species ` 
of clearly different affinities (and | 
origins?) in peninsular biomes that . 
have become fragmented in Pleistocene 
to recent times. 

Yet the evidence is there for the 
searching. An integrated approach 
would, for instance, compellingly sug- 
gest that the mighty dipterocarp trees, 
whose present centre of distribution ts 
in the western Malesian rain forests 
which they so distinctively dominate, 
are extraordinarily successful immi- 
grants whose origin must be sought 
in the so-called degenerate and stag- 
nant Gondwana biomes. The distinct > 
distribution of interfamilial links such — 
as the genus Axinandra, as well as the - 
isolated and distinctive Nepenthaceae, ~ 
demand discussion in relation to their 
ecology. Four chapters are in fact 
provided on the biogeography of speci- 
fic animal groups; among them P. K 
Sen-Sarma’s treatment of the termites, 
and K. C. Jayaram’s of the freshwater 
fishes, amphibians and reptiles, .con- 
































. taining ideal taxa for biogeographical 
analysis (unlike the butterflies of D. J. 
Holloway, which are likely to be 
of foo recent origin to have existed 
in the peninsula before it became dis- 
connected from Africa). Centres of 
origin should be traceable, but the dis- 
cussion never reaches a sufficiently de- 
tailed level to convincingly do so. Pro- 
fessor Hilary Crusz’s work on the 
ecology of the extraordinary endemic 
agamid genera in the hill forests of 
wet zone Ceylon could, for instance, 
have provided the basis for such a 
discussion but his work is not men- 
tioned. 

The biogeography of the Indian 
region is not, of course, tnat of the 
- - peninsula alone; separate chapters are 
devoted to the Indo-Gangetic plain, 
and the Himalayan region. But though 
much information is presented as in the 
rest of the book, these chapters are 
marred in the same manner. The 
chapters on the impact of man, and 
the ecology of ‘tribal’ man (by P. Lal) 
are welcome and useful, as are those 
on recent faunal impoverishment 
(A. K. Mukherjee), the ecology of 
vertebrates of the Indian desert (I. 
Prakash) and the mammals of Assam 
(G. V. Kurup). 

The book is well designed and 
printed, though spelling errors, parti- 
cularly in scientific names, are not 
infrequent, P. S. ASHTON 


Anatomy of experiments 


Design of Experiments: A Realistic 
Approach, By V. L. Anderson and 
R. A. McLean. Pp. xvii+418. (Statis- 
tics: Textbooks and Monographs.) 
(Dekker: New York, February 1974.) 
$19.75. 


I HAVE long contemplated the value of 
a book that would discuss in detail a 
few experiments in which statistical 
concepts were vital to the design, the 
analysis and the interpretation. The de- 
clared objective of the book under re- 
view is “to express rather complex 
ideas on how and why scientific investi- 
gators should design experiments’. Is 
this the book I want? 

Certainly it has many merits. The 
authors employ a wide range of ex- 
amples to illustrate the theory and 
practice of experimental design, choos- 
ing these largely (but not entirely) from 
manufacturing industries of which they 
obviously have much experience. For 
the teacher, the examples analysed 
fully and others outlined as problems 
for the student will prove useful 
sources of ideas. Nevertheless, I was 
disappointed to find attention concen- 
trated on questions that can be ans- 
wered in terms of currently availible 
theory of linear models for observa- 
tions. On the structure of analysis of 
variance and on variance components, 








the presentation is good. Little is said 
about reasons for choosing particular 
designs. The interpretation of results 
remains on the statistician’s desk, and 
is not carried to the field of application. 
Computational methods and problems 
are not mentioned: even the existence 
of standard programs and the desirable 
features of computer input and output 
are neglected. The anatomy of analysis 
of variance is thoroughly displayed, but 
the developmental and operational 
physiology of experimentation remains 
unexplained. 

The book proceeds through standard 
designs, from completely randomised 
to lattices and factorials, in a manner 
at times refreshingly different from 
other texts. Without entering deeply 
into combinatorial problems, clear ac- 
counts are given of the partitioning of 
sums of squares. The dependence of 
analysis on randomisation and of signi- 
ficance tests on variance components is 
well emphasised, and the emphasis on 
the inference space is often illuminat- 
ing. The text is enlivened by many 
comments that reflect the authors’ 
familiarity with the particular ex- 
amples, increasing my regret that they 
did not choose to make that familiarity 
a distinctive feature at the expense of 
some of the more conventional algebra. 
Had they done so, they might have 
let the reader see the severe limitations 
of the Newman-Keuls and other 
multiple comparison tests which so 
seldom represent any realistic model of 
data: they might also have illustrated 
the full interpretation of analyses of 
transformed data. The final chapter on 
response surfaces is an interesting brief 
survey, tantalising because too short to 
allow critical comparison of methods 
and objectives. D. J. FINNEY 


Plant becomes soil 


Biology of Plant Litter Decomposition. 
Edited by C. H. Dickinson and G. J. F. 
Pugh. Vol. 1: Pp. xiv+ 1 —244 + 46. 
Vol, 2: Pp. x+245—7754+75. (Acade- 
mic: London and New York, March 
1974.) Vol. 1: £7: Vol. 2: £10.50. 


Recyciine of elements bound in living 
matter is essential to the continuation 
of life in our, at present, virtually 
closed global ecosystem. Since plants 
form the bulk of the world’s biomass 
and, at least on land, the bulk of this 
biomass is recycled by the decomposi- 
tion of plant litter rather than by con- 
sumption by herbivore. there can be 
no doubt as to the importance of the 
subject matter of these volumes. The 
excellent introductory chapter on 
‘Litter—Interface of Animate/Tnani- 
mate Matter’ gives a broad and stimu- 
lating view of the whole field of de- 
composition studies. Some later chap- 
ters, by the nature of their narrower 
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topics, seem by comparison more mun- 
dane in their approach to the ecological 
issues. Following the introduction, the 
work is in three parts. 

In the first part, plant litter decom- 
position is treated on the basis of 
different types of plant litter. Thus 
there is a chapter on lower plant litter, 
so important in the transition from rock 
to soil, followed by chapters on decom- 
position of herbaceous litter, angio- 
sperm tree leaf litter, coniferous leaf 
litter, wood and roots, Finally, in part 
i is a chapter on the nature and de- 
composition of digested plant litter in 
the form of animal dung and in the 
faecal pellets from certain soil fauna. 
It seems artificial to exclude from con- 
sideration in the work the decomposi- 
tion of plant material which has actively 
been detached from plants by herbi- 
vores or by man for feeding to his 
herbivorous livestock. Such lines of 
thought. however, lead to the large. 
but dubiously separable areas of 
biodeterioration and ruminant nutrition. 

In part 2, the chapters survey differ- 
ent groups of organisms involved in 
plant litter decomposition ranging from 
bacteria. actinomycetes. terrestrial 
fungi, aquatic fungi, protozoa, nema- 


todes, oligochaetes, microarthropods, 
macroarthropods and molluscs, to 


aquatic crustaceans. The emphasis in 
these chapters varies: some provide a 
brief introduction to the classification 
of the group whereas others assume 
the reader’s familiarity with the group 
and devote attention directly to the 
ecological significance of the organ- 
isms in litter decomposition. 

This approach to ecological problems 
of plant litter decomposition seems less 
thought provoking for the general 
reader than is the approach through 
litter types or the chapters in part 3 
where decomposition of plant litter is 
discussed in relation to the environment 
in which decomposition takes place. 
These last chapters cover decomposi- 
tion both on the surface of soil and in 
the depth of soil, in fresh water and 
in marine environments. The two final 
chapters discuss special environmental 
problems of the breakdown of agri- 
cultural crop debris and urban waste. 
Peat and coal are economically impor- 
tant deposits of partly decomposed 
plant debris. Surprisingly, these are 
largely ignored in the environmental 
chapters, though a forthcoming review 
on peat. by one of the contributors, 
may account for part of this omission. 

The editors have performed a con- 
siderable service in bringing together 
and indicating the relevance of some 
8.000 references. I suspect that the 
work will be appreciated as a source 
book mainly by students, though re- 
searchers in this field will glean grains 
of information. R. C. CopNner 
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Amoral concepts of biology 


Philosophy of Biological Science. By 
David L. Hull. Pp. xi+148. (Prentice- 
Hall: Englewood Cliffs, N. J. March 
1974.) $6.95. 


In this book, Professor Hull sets out 
at once to explain to students of phil- 
osophy what he regards as the most 
important laws and concepts of modern 
biology, and to initiate biologists into 
a philosophical approach to their pro- 
blems, therefore assuming im his 
readers little prior knowledge of either 
discipline. Hull freely acknowledges 
the difficulties he has experienced in 
attempting this in lecture courses 
addressed to mixed classes of biology 
and philosophy students, and admits 
that the aim is a large one for so small 
a book. It can at least be said that 
he has achieved his initial aim of 
making the exposition intelligible to 
relatively unprepared readers. Students 
taking courses of the type that Profes- 
sor Hull delivers will doubtless find 
this book useful, even though his 
bibliography is short, highly selective 
and almost exclusively American. 

The extent to which modern pro- 
fessional biologists look to philosophy 
for guidance in their scientific thought 
and activity, or to which modern phil- 
osophers look to biology as a testing 
ground for their views on the methods 
and logic of science, are probably both 
rather small. One has the impression 
that biologists tend to develop an 
interest in philosophy after their main 
scientific work has finished, generally 
looking for systems of thought which 
would justify post facto the ways in 
which they have been thinking. Most 
philosophers of science, at least within 
the dominant positivist schools, take 
the Comtean view, of physics as the 
paradigmatic science and of biology as 
a relatively immature and secondary 
study. It is doubtful whether Professor 
Hulls book will have any significant 
influence in changing this situation; 
neither philosophers nor biologists will 
find in it any very compelling new in- 
sights. Like another recent author in 
this field, Michael Ruse, Hull seems 
concerned mainly to provide a respon- 
sible articulation of the current 
American ‘conventional wisdom’ on 
the subject. His method of exposition 
consists in posing a series of philoso- 
phical questions about biology, which 
he proceeds to discuss serially, usually 
without reaching any very conclusive 
answers. 

Hull’s exposition has some very not- 
able omissions—for example, though he 
is a member of the editorial board of 
the journal Systematic Zoology, ard 
has contributed to it and other 
journals a series of articles on the 
theory of biological classification, this 
topic receives no specific attention in 


the book—although most experienced 
botanists, zoologists and bacteriologists 
would admit the centrally important 
role of classification in their sciences (a 
role with no real parallel in physics), 
and Michael Ruse devoted two whole 
chapters to it. Admittedly, one im- 
portant question posed—-but not finally 
answered—by Hull, does involve the 
theory of systematics; this question is, 
to what extent are taxa individuals, 
with names analogous to proper 
names, and therefore not permissible in 
what Hull would recognise as ‘laws’? 
Furthermore, though evolutionary 
theory is considered at some length, 
Hull makes no reference to the scientific 
nature and status of geology—of which 
it would be quite possible to consider 
the biological sciences as subordinate 
parts--nor does he consider the 
epistemological problems posed by the 
palaeontologists’ claim to knowledge of 
the organisms of the remote past. 

Pride of place in Hull’s exposition 
of biology is accorded to classical and 
molecular genetics, as domains of what 
he would accept as scientific ‘law’. 
Yet no reference is made to the pro- 
found critique of this conception of 
genetics by a very eminent geneticist, 
as expressed in the article “Axiom and 
Process in Genetics” by C. D. Darling- 
ton (Nature, 234, 521-5; 1971). Dar- 
lington drew attention, among other 
things, to the nature of the genotype 
as the embodiment of race history, and 
to the dual nature of time, as cyclic 
and as unidirectionally progressive. 
Almost the only reference to the na- 
ture of time in Hulls book is the 
offhand remark “Both space and time 
are now viewed as organisational pro- 
perties of material bodies’’—one of the 
few ontological assertions he makes. 
Even the second law of thermodyna- 
mics, which might call into question 
this assertion as far as time is con- 
cerned, is mentioned only in dismissing 
the claim by some authors that organ- 
isms can violate it. 

Professor Hulls omissions have I 
think a definite tendency—that of 
excluding from consideration anything 
which might raise ontological or moral 
problems. Recent Anglo-Saxon schools 
have generally equated philosophy with 
epistemology, dismissing ontology as 
“metaphysics?” and treating ethics as 
not properly part of academic philo- 
sophy. Hull’s failure to consider the 
moral problems posed by modern bio- 
logy, and especially by modern medical 
research, is * perhaps a little old- 
fashioned; there is a rapidly growing 
general consciousness of these moral 
issues, not least among students. The 
issues contern, not merely the ethics 
of experimentation on human beings, 
but also the proper relations of man 
to non-human Organisms. 

The shortcomings of this book are 
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shared, to a greater or less extent, by 

most recent treatments of the subject, 

and should be attributed less to the 
author than to the general intellectual 
climate in which he writes. The essen- 

tial virtue which Professor Hull can 
claim is that he at least poses a number 

of profoundly important questions, the 
serious pursuit of which by students 
might lead them far beyond his own. 
exposition—which, after all, is an end co 
that any teacher should be proud to = | 
have achieved. R. A. CROWSON > 


Spoonful of saccharin 















Sensory Processes: The New Psycho- 

physics. By Lawrence E. Marks. Pp 
x+334. (Academic: New York and 
London, February 1974.) $17.50; £8.25... 


PeopLeE who use saccharin to sweeten 
their tea may have noticed a surprising: 
thing: halving the concentration of 
sugar in a solution reduces its sweetness - 
far more than halving an equally sweet 
(although much weaker) concentration 
of saccharin. This is one of many- 
examples that demonstrate differing 
relationships between sensory magnitudi 
and physical stimulus. How does one. 
measure sweetness, brightness, pitch, - 
odour? It has been shown, particularly 
in the pioneering work of the late S. S. 
Stevens, that asking subjects to assign 
numbers to sensation strength leads to 
a power function with an exponent 
dependent upon the stimulus and 
sensation considered. Lawrence Marks _ 
draws a clear distinction between this, - 
the “new” psychophysics, and sensory - 
physics, the “old” psychophysics, in — 
which the observer is simply a detector 
of threshold, masked threshold, or null 
point, with measured quantities all in 
the physical domain. He describes and 





attempts to interrelate the various 
psychophysical procedures such as 
fractionation, category rating, and 


magnitude estimation and discusses the 
influences of extraneous factors. The 
senses are each considered under the 
headings of sensitivity, temporal and 
spatial factors, and qualitative aspects. 
Although one detects a certain antipathy 
towards the “old” psychophysics it isa 
carefully reasoned and comprehensive 
account and shows great concern for 
validation of the approach. Unfortun- 
ately his rather detached attitude > 
coupled with the large number of = 
references makes difficult reading in - 
parts and a certain amount of repetition 
is inherent in the organisation he has 
adopted. TE 
Although the new psychophysics- 
gives insights into sensory processes not | 
obtainable in any other way the field — 
has a certain contrived air to it. We do 
not generally use our senses, or num- 









failed, is not that it uses abstract 
models and traces interdependence be- 
tween variables, but that it has some- 
mes been pseudo-planning, confined to 
“a ceremonial superstructure, without 
being geared to where the action is. 
The authors argue for the central 
importance of the annual budget. 
Though it is obviously true that no 
plan can be implemented unless it is 
integrated into the annual budget, 
there is a danger of mistaking a nec- 
essary, though minor, condition for 
the strategic one. Budgets are, at best, 
annual public expenditure plans. A 
focus on fiscal magnitudes, though 
essential for proper public accounting, 
obscures and evades the real activities. 
Links between fiscal (or even financial) 
expenditures and results are tenuous, 
especially in underdeveloped countries. 
There are no fixed coefficients between 
money expenditure and land reform, 
. population policy, incomes policy, edu- 
cation, public health, nutrition. Foreign 
exchange budgeting, manpower bud- 
geting, raw material budgeting are just 
as important as fiscal budgeting and 
even they do not exhaust the range 
of necessary policies. Proper public 
accounting is necessary to ensure, 
negatively, that public money is not 
spent extravagantly or corruptly, but it 
 €annot ensure, positively, that it is 
= spent according to social priorities and 
that the necessary complementary ac- 











tions are taken. Budgeting is to 
planning what bookkeeping is to 
business management: without it, 


management is impossible; but with the 
best book-keeper in the world, a firm 
can go bankrupt. These points are not 
enough stressed by the authors, who 
‘see the plan essentially as a many-year 
public capital budget. 

Much is made of the need for re- 
dundancy. In a piece of exquisite jar- 
gon, the authors write: “Broadly 
speaking, we can regard social poverty 
as a lack of functional redundancy” 
{Page 49). But there is a vast difference 
=o between reserves (which serve a pur- 
-- pose) and redundancies. A more ana- 
lytical and quantitative approach would 
have made the distinction clear. It is 
now well known that in poor societies, 
not only unskilled labour, but also 
capital and technically trained profes- 
sional manpower are redundant: but, 
alas, they are not reserves. 

The authors make a large number 
of entirely fair and commonsensical 
criticisms of planning. “If we were 
asked to design a mechanism for de- 
cisions to maximise every known disa- 
bility and minimise any possible ad- 
vantage of poor countries, we could 
hardly do better than comprehensive, 
multi-sectoral planning” (Page 293). 
The need for unavailable information, 
for political stability, for consistent 
aims are cited as unattainable condi- 








tions. But perhaps the most serious 
criticism of planning is omitted, viz. 
that its very success, measured by 
coherence and consistency, becomes an 
obstacle to adaptation and innovation. 
Plans introduce an additional rigidity 
into societies already inflexible. Plans, 
for this reason, in spite of their de- 
clared intentions, are elements streng- 
thening conservatism. 

The conclusion is not, however, re- 
liance on laissez-faire and the free play 
of market forces. The authors rightly 
point to the need for a combination 
of contingency planning, continuous 
budgeting and rolling planning, so that 
there can be adequate and speedy 
responses and adaptations to unfore- 
seen events, both favourable and un- 
favourable. 

The authors treat planners and 
planning as part of the social and 
political environment which they are 
supposed to plan. Planning the planners 
is not an invitation to an infinite 
regress but a reminder that there must 
be continuous mutual adaptation be- 
tween plan objectives and social con- 
straints. PAUL STREETEN 


Details of sense organs 


The Ultrastructure of Sensory Organs. 
Edited by EL Friedmann. (North- 
Holland: Amsterdam and London; 
American Elsevier: New York, 1974.) 
Dfi.90; $32.70. 


THis collection of four essays is less 
general than the title implies; only ver- 
tebrates are described. Of their sense 
organs only taste buds (R. G. Murray), 
the organ of Corti (H. Engström and 
H. W. Ades), the vertebrate retina 
(R. F. Dunn) and the olfactory mucosa 
(P. P. C. Graziadei) are included. The 
preface indicates the intention of the 


articles to summarise “the immense and 


rapid progress that has been made in 
electron microscopy” for “anatomists, 
physiologists, pathologists and clini- 
cians’, Only Engström and Ades make 
some attempt to meet the latter two 
classes of busy people part way. Ana- 
tomists are best treated in that all the 
articles provide descriptive anatomical 
accounts while remaining substantially 
innocent of physiological commentary 
or synthesis of the two approaches. 
Thus the essays have to be judged 
not as summaries of the contributions 
ultrastructural studies are making to 
understanding of the mechanisms of 
action of the organs treated, but as 
summaries of anatomical information 
available up until about 1970-71. Most 
of the summaries are competent but, per- 
haps because of editorial direction, they 
all seem of rather even emphasis; so 
that exciting new developments and the 
relative importance, of accuracy, of dif- 
ferent and differing observations are 
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hard to discern. Perhaps the main point 
of the articles was to provide a review 
of the literature together with an atlas 
of ultrastructure. There are numerous 
electron micrographs including a fair 
number, especially of the retina, that 
have not previously been published. 
For the non-specialist in a particular 
sense organ the essays provide a reason- 
ably readable guide to the literature of 
the past twenty years. There are useful 
summary tables of data. for example 
in the article on the retina. But for the 
readership suggested, and given that 
the articles are purely anatomical, a 
greater use of summary diagrams, per- 
haps at the expense of some of the 
electron micrographs, would have been 
more helpful to ready comprehension. 
The essays are probably most useful 
for someone beginning an interest in 
the structure of a particular sense 
organ. Most people are likely quickly 
to prefer the more detailed and often 
more synthetic articles of the currently 
appearing Handbook of Sensory 
Physiology. B. B. BOYCOUTT 


Computers in mathematics 


Computer Approaches to Mathematical 
Problems. By Jurg Nievergelt, J. 
Craig Farrar and Edward M. Reingold. 
Pp. xii +267. (Prentice-Hall, Englewood 
Cliffs, 1973.) $8.95. 


AFTER an introductory chapter on 
languages, including some remarks on 
the parenthesis notation and the polish 
notation, there is a chapter on com- 
binatorial computing. This includes a 
discussion of block designs, latin 
squares. scheduling and tiled rec- 
tangles; and also an account of various 
graph algorithms, for shortest paths, 
spanning trees and = sorting. There 
follows a chapter on the use of com- 
puters in game playing and decision 
making and another chapter on ran- 
dom numbers and their use in Monte 
Carlo methods and in simulation. 
Computing in number theory is next 
considered and there is a review of the 
position in the computing of V2, e 
and m. For example, in 1967 the value 
of m was computed to 500,000 decimal 
places. Finally there is a section on the 
use of computers in calculating large 
prime numbers. The largest known 
Mersenne prime, by 1971, is 2°—] 
where p==19937. The book closes with 
a chapter on logic and computers. 
This book will be of particular in- 
terest to the mathematician interested 
in the use of computers in pure mathe- 
matics. But in this connection, it is a 
dittle surprising to find no reference 
to the use of computers in the theory 
of finite groups. It will also be relevant 
for students of operational research 
mathematics. L. S. GODDARD 
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Comprehensive mineralogy 


Modern Mineralogy. By Keith Frye. 
Pp. ix+325. (Prentice-Hall: Englewood 
Cliffs, NJ, 1974.) £6.50. 


Many new mineralogy textbooks have 
appeared during the past decade; most 
have been devoted to specialised sub- 
jects and these have tended to replace 
the earlier type, which aimed at pro- 
viding for the whole of a student’s 
requirements up to the level of the first 
degree. With advance of knowledge and 
the need to explain quite sophisticated 
techniques even in an elementary book, 
it is no longer possible to provide a 
comprehensive text at an adequate 
level without making the volume un- 
duly expensive, cumbersome and for- 
bidding. Specialised books necessarily 
contain a much fuller treatment than 
the average student requires at an early 
stage but the rapid escalation in book 
prices has now reduced their attraction 
for purchase by students. To some 
extent this has restored the need for a 
new type of comprehensive text and 
this book is a valiant attempt to meet 
just this need. It is selective, it omits 
much of the conventional crystallo- 
graphic introduction, and its stated pur- 
pose is to provide a sound physically- 
based approach through familiar 
atomic theory and crystal structures in 
a logical sequence, and to introduce 
the student to present-day concepts of 
mineral formation and equilbrium. 
How well does it measure up to these 
rigorous requirements? 

There are seven chapters and a 25- 
page tabular appendix of data on 150 
common minerals. Chapter one is a 
fairly conventional crystal-chemical in- 
troduction that considers the nature of 
chemical bonds, close packing, ionic 
radii, simple model structures, defects 
and solid solution, It is pleasant to note 
the attention paid here to chemical and 
structural defects, to dislocations and 
to the evolution of grain boundaries. 
Chapter 2 provides a systematic account 
of the crystal structures found in 
minerals: again it follows a conven- 
tional treatment except where the 
model-structures theme is developed 
attractively by way of stuffed derivatives 
to explain many common rock-forming 
silicates. There follows in chapter 3 an 
all-embracing exposition of crystal sym- 
metry, including lattices, point groups, 
the stereographic projection, crystal 
morphology, twinning and mineral 
habits, in 60 glorious pages. Logic seems 
to have quite deserted the author at 
this stage, for crystal structures have 
already been explained and many of the 
topics introduced (such as space groupg) 
are certainly not needed for what fol- 
lows. Chapters 4 and 5 are shorter; they 
are. concerned with physical properties 
and the interaction of radiant energy 


with crystalline material. Topics dealt 
with here include mechanical behaviour, 
radioactivity, surface properties (but 
not pyro- and piezo-electricity) colour 
and lustre, atomic absorption, justifica- 
tion of the optical indicatrix, and the 
principles of X-ray diffraction. Although 
this is attractively presented, as in 
chapter 3 it is difficult to understand 
why so many principles are explained, 
albeit briefly, when no attempt is made 
to show how to use them. This middle 
part of the book is rather like Hamlet 
without the Prince of Denmark! 

Chapter 6 is probably the best part 
of the entire book; it is excellent. 
Beginning with a concise and lucid 
explanation of the phase rule, it passes 
on to consider phase diagrams. It deals 
mostly with crystallisation and melting 
relations in binaries and ternaries, but 
regrettably does little on 3-phase tri- 
angles or on working out detailed 
courses of crystallisation. It then intro- 
duces isothermal and isobaric sections 
(used in the final chapter) and then 
passes on to a brief consideration of a 
quaternary system with a vapour phase. 
The final chapter spans an even vaster 
canvas—the whole of petrology! It 
begins with an enunciation of the prin- 
ciples of geochemistry and mineral 
formation and then proceeds to con- 
sider the classification and petrogenesis 
of igneous, sedimentary, and metamor- 
phic rocks as well as some aspects of 
ore deposits. Although much of the 
treatment here is skilfully conceived as 
a consummation of all that has gone 
before, the familiar symptoms of ex- 
treme compression and a plethora of 
quite difficult new concepts, criticised 
earlier, here becomes a veritable disease. 
This must render the chapter virtually 
useless to an elementary student as a 
first reading. The repeated misuse of 
‘lattice’ for ‘structure’ here is depre- 
cated. I cannot see any value in the 
appendix, which is not sufficiently com- 
prehensive to be of much use for iden- 
tification yet takes up valuable space. 

The diagrams are clear and well 
drawn but a few minor errors were 
noted (Fig. 6.13a). Separate author, 
mineral name and subject indexes are 
provided. 

The author deserves full credit for 
producing an original, thoughtful and 
always interesting book which omits 
much of the irrelevant and otiose 
morphology still on offer in many. I do 
not wish to be pejorative but far too 
much has been attempted. the result 
being a book that is not really adequate 
as a crystallography, mmeralogy or 
petrology text. It does not explain how 
to determine a point group, analyse a 
stereogram, use a polarising microscope 
or obtain information from an X-ray 
photograph. It edoes not explain the 
detailed reading of phase diagrams or 


implied wide-ranging coverage in m 







how to describe a rock. Nevertheless it 
contains much information of value 
easily found elsewhere and section: 
be strongly recommended as fu 
reading by more mature students 
as a source of good ideas for eleme 





used to explain practical aspects of 
optics including some mention of re- 
flected light, to expand the X-ray 
section, and to say more on solid solu- 
tion in rock-forming minerals. == 
L D. Murr 













































Microscopy for all 
The Encyclopedia of Microscopy 
Microtechnique. Edited by Peter G 
Pp. xi+638. (Van Nostrand Reinh¢ 
New York and London, January 19 
£16.25. | 


In recent years methods of microsc 
and microtechnique have expand 
such a rapid rate that it is almost 
possible to remain abreast of cur: 
developments in all but a small are: 
specialisation. This not only makes 
provision of extensive reference ‘ba 
essential, it renders the task of + 
compilers almost impossible. The 
sent book is, as the editor states 
the preface, an attempt to cater for 
needs of all who use the microse 
not only in the medical and biol 
cal sciences, but also among” 
“atmospherologists, bakers, chem 
metallurgists, textile workers, the man 
facturers of paints and those wh 
examine paintings’. With such an 


the need for interdisciplinary comm 
cation (especially with regard to $ 
a basic tool as microscopy) is cle 
apparent and the attempt is praise- 
worthy. In practical terms, however, tt 
seems that it is not entirely successful. 
One wonders what the textile worker _ 
or paint manufacturer who uses the 
microscope will gain from the inclusion _ 
of a long description of the morphology __ 
and systematics of the annelids. č 

An attempt to cover the whole spec- 
trum of possible microscope usage 
must fall far short in some fields and 
it seems that the basic fault of this 
book lies here. Had the coverage been 
limited to the instrument and to basic 
preparative techniques, the value of the — 
book to all users of the microscope 
would have been increased and the- 
topics could have been covered in mo 
detail. z 

Most of the articles in this book (pr 
vided by about 180 specialists) 
short, only one or two pages in I 





and so cannot provide more than a 
very superficial coverage of the sub- 


ject. There is, however, a list of 
references after most articles which 
serves as an introduction to sources 
which provide more detailed informa- 
tion. As might be expected, there is a 
considerable variation in the standard 
of the individual articles. Some provide 
an excellent thumb-nail sketch of the 
subject whereas others contrive to say 
very little indeed. The production 
quality is good and there are surpris- 
ingly few misprints for such a large 
book (although some inconsistencies 
have crept in, Abbe’s name being ren- 
dered variously as Abbé or Abbee for 
example), The index is an essential 
feature of any reference book and in 
this case it is perfectly adequate. 
S. BRADBURY 


Raman analysis 


Applications of Laser Raman Spectro- 
scopy. By Stanley K. Freeman. Pp. 
xi+ 336. (Wiley: New York and Lon- 
don, January 1974.) £9.75. 


THIS new book on the applications of 
Raman spectroscopy is the most signifi- 
cant modern volume to survey the 
analytical value of laser Raman spec- 
troscopy. It includes a compendium 
chapter on the principles behind the 
Raman and related effects and others 
on experimental technique, a long sec- 
tion on qualitative analytical applica- 
tions and concludes with chapters on 
synthetic and biopolymers and the 
value of Raman methods in pollution 
studies, 

Molecular vibrations are normally 
studied by infrared absorption and 
Raman scattering. Since the vibrations 
characteristic of a complex molecule 
are themselves complex, these two 
techniques can, in principle, provide 
excellent fingerprints of analytical 
value. Infrared spectroscopy has been 
used routinely in this way for more 
than thirty years but Raman spectro- 
scopy has not. Forty years ago Raman 
spectroscopy was thought to have im- 
mense analytical potential but it be- 
came clear in the later 1930s that ex- 
perimental limitations severely re- 
stricted the versatility of the method. 
The relatively recent advent of the 
laser and sophisticated commercial 
spectrometers have improved the situa- 
tion dramatically with the result that 
Raman spectroscopy is now playing an 
invaluable part both as an analytical 
tool (in the broadest possible sense), 
in structural chemistry, solid state 
physics and many other diverse areas. 

In his book, Freeman selects some 
of the analytical applications of Ratman 
spectroscopy and discusses these in con- 
siderable detail. Since other books 
exist covering infrared and Raman 


spectra of crystals, and reviews abound 


in other detailed areas, he quite rightly 


spends most of his time on the area 
in which he is best known and which 
is worst surveyed elsewhere: the use 
of Raman spectroscopy for functional 
group identification in organic analy- 
sis. In this area, the book is unique 
and contains a wealth of otherwise un- 
published data and the significant re- 
sults of years of experience. In fact, 
it can be truthfully said to be the 
logical successor to the classic books 
in this field by Hibben and Kohlrausch, 
both published before 1940! 

In the chapters on polymeric and 
biological compounds the coverage is 
again chemical and analytical rather 
than structural and little space is 
spent in considering the niceties of 
vibrational theory and structural con- 
sequences thereon. But in the con- 
text of the book as a whole, this is 
entirely relevant. The section on pollu- 
tion monitoring and Remote Raman 
techniques is also valuable in that it 
surveys a field which is very diversely 
covered in the literature. 

My initial reaction to Freeman's 
book was most unfavourable since the 
title is misleading. Nowhere conveni- 
ent does the author point out that to 
him “applications” mean analytical 
ones, thus many will be disappointed by 
the narow coverage and extravagant 
claims on the dust cover. Further, the 
production quality is reminiscent of a 
cheap paperback. But once the first 
chapter is digested and the general 
tenor of the coverage grasped, the 
book endears itself to the practicing 
chemical vibrational spectroscopist. 

P. J. HENDRA 


Aluminium analysed 


Analytical Chemistry of Aluminum. 
By V. N. Tikhonov. Translated by 
J. Schmorak. Pp. x+303. (Analytical 
Chemistry of the Elements.) (Halsted, 
Wiley: New York, Toronto and Chi- 
chester; Israel Program for Scientific 
Translations: Jerusalem, January 
1974.) £9.55, 


THis latest volume in the series of 
monographs dealing with the analytical 
chemistry of the elements, and spon- 
sored by the USSR Academy of 
Sciences through the Vernadskii Insti- 
tute of Geochemistry and Analytical 
Chemistry, is concerned with alu- 
minum (sic). 

The contents follow the general 
pattern established in previous 
volumes. Æ short preliminary chapter 
details relevant information about the 
occurrence, the physical and chemical 
properties of aluminium and its com- 
pounds, particularly the properties of 
complexes of the element with organic 
compounds which have found use as 
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analytical reagents. Chapter 2 contains 
an extensive account of chemical and 
physicochemical methods for the deter- 
mination of aluminium, in which 
gravimetric, titrimetric, photometric 
and fluorimetric methods are given 
comprehensive coverage, rather less 
space being devoted to polarography, 
radioactivation and spectroscopic 
methods. Chapter 3 deals with the 
separation of aluminium from accom- 
panying elements by precipitation with 
inorganic and organic reagents, by 
extraction, by a variety of chromoto- 
graphic methods and by mercury cath- 
ode electrolysis. Chapter 4 treats the 
determination of aluminium in natural 
and industrial materials such as min- 
erals, ores and industrial concentrates, 
soil, water and organic substances, 
metals and alloys. Chapter 5 brings 
the text to a conclusion with a des- 
cription of methods for the determina- 
tion of impurities in high-purity alu- 
minium. The bibliography of work 
cited in the text contains over 1,300 
entries. As with the earlier volumes 
in this series, the translation has been 
expertly done. 

As the third most abundant element 
in the Earth’s crust, aluminium is pre- 
sent in most natural and fabricated 
materials. Although its chemistry and 
hence its analytical chemistry is not 
particularly complicated, a vast litera- 
ture on methods for its determination, 
particularly in the presence of interfer- 
ing elements, now exists. Surprisingly, 
no attempt has been made to review 
this information since 1942, when 
Fischer contributed a monograph on 
the subject in the Handbook of Analy- 
tical Chemistry by Fresenius and 
Jander. The present text deals mainly 
with the literature up to 1968 with oc- 
assional later references, none, of 
course, beyond 1971, the year of publi- 
cation of the original Russian version, 
and covers all known methods for the 
determination of aluminium. 

There can be no doubt about the 
value of this type of monograph to 
the practising analyst. Many of the 
problems associated with the analysis 
of aluminium—the ignition tempera- 
ture of aluminium oxide, the pH for 
precipitation of aluminium 8-hydroxy- 
uinolate, the difficulties of the com- 
plexometric titration, the volatilisation 
of aluminium for AAS, the best photo- 
metric reagent for a particular purpose 
all are given thorough and realistic 
treatment. Although this book is essen- 
tially a review of existing literature, 
perhaps a major benefit is its presenta- 
tion of Russian work not readily acces- 
sible to analytical chemists in the 
Western World. As a comprehensive 
and authoritative source of informa- 
tion on the analytical chemistry of 
aluminium, it must assume the pre- 
mier role. W. I. STEPHEN 
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Science in the media 


Two contrasting looks at the place of 
science reporting in the media—one 
from each side of the Atlantic-—have 
recently combined to provide an in- 
sight into the delights and pitfalls of 
science journalism, while showing how 
different these are in different coun- 
tries. In Britain, the BBC Radio 3 pro- 
gramme “The Communicators” looked 
at science reporting in its issue of 
July 27. Here, the emphasis was 
squarely on the difficulties involved in 
getting a science story into the British 
national press at all. 

The situation in this respect has 
deteriorated over the years, as the long 
serving science correspondent of the 
Daily Express recalled. With shortage 
of newsprint and a feeling that the 
public is to some extent disenchanted 
with hard science, it is all too easy for 
science journalists to fall into the trap 
of overdramatisation, at least in the 
eyes of the scientists. Several scientists 
interviewed in the programme ex- 
pressed their concern about sensational 
reporting—-one was distressed by a 
comment from one of the people mak- 
ing a documentary about typhoid that 
“we are in this game to entertain the 
public, not to educate them”. 

Such concern about sensational and 
inaccurate reporting is also felt on the 
other side of the Atlantic, to judge 
from an ‘occasional paper’ on Science 
in the Newspaper which has recently 
been published by the American Asso- 
ciation for the Advancement of Sci- 
ence. But in many other respects the 
situation in the USA seems far differ- 
ent from that in Britain, giving the 
lie, perhaps, to any suggestion that 
sensational reporting arises because of 
the difficulty of getting any science 
story into print. 

Science in the Newspaper itself is 
an odd mixture; contributions from 
award winning writers discussing their 
craft rub cheek by jowl with ‘scien- 
tific’ investigations of science reporting, 
complete with jargon and footnotes. 
Whether by accident or design, this 
neatly emphasises one point: the scien- 
tists certainly do need help in communi- 
cating their ideas to anyone outside a 
restricted circle of specialists. 

Perhaps the most worrying contri- 
bution describes the result of a survey 
of what scientists think about science 
in the newspaper. The scientists had 
been asked to check for errors published 
in stories about their own work, and 
in more than 25 per cent of the cases 
they noted such damaging errors as 
misquotations, misleading headlines 
omission of relevant information and 
excessive brevity. 

But are the criteria scientists apply 
too" strict, bearing in mind the audi- 


ence for which the articles were in- 
tended? When one respondent objected 
that in a report of the drop out rate 
of college students the first sentence 
said that more than half of the college 
students ‘failed to obtain degrees’ when 
it should have been qualified to add 
‘within four years’, the criticism seems 
valid; but, we are told, the report in 
question did actually contain the im- 
portant qualifications in its next sen- 
tence. That was not good enough for 
the scientist whose work was being 
described, but I would find it difficult 
to see his objection as one to worry 
the reporter who made the ‘error’. 

The point is, of course, that news- 
paper readers, by and large simply 
speak a different language from scien- 
tists, and that the journalist is literally 
in the position of interpreter. So many 
of the irritations felt by scientists are 
on the same level as the quibbling 
among multinational organisations 
about exactly how a French word in 
an agreement, say, should be trans- 
lated into German. 

This interpretative role is made abun- 
dantly clear in the most heartening 
article in Science in the Newspaper. 
The National Enquirer is an American 
weekly that was until a few years ago, 
we are told, a ‘scandal sheet’. But 
now the Enquirer has changed its im- 
age, become a ‘family newspaper’ and 
just about quadrupled its circulation, 
to 4 million. And in that large circul- 
ation paper, science has a vital role. 

In one recent 48 page issue men- 
tioned, five per cent of the space was 
given up to science or medical stories. 
The treatment of these stories is dra- 
matic, and successful in reaching a 
wide audience who respond with floods 
of letters. Not all the scientists whose 
work makes the pages of the Enquirer 
are pleased—Dr Sol Spiegelman, of 
Columbia University’s Institute of 
Cancer Research, is quoted in Science 
in the Newspaper as being particularly 
unhappy about the treatment he re- 
ceived from the Enquirer's reporters. 

But you can’t please all the people 
all the time, and if a paper like the 
Enquirer can, by and large, encourage 
its readers to accept science as a valu- 
able part of modern society which deals 
with problems that are relevant to the 
man in the street, the science journal- 
ists are doing their job. The success 
of the Enquirer’s science policy ought 
to make some British popular news- 
papers rethink their attitude to sci- 
ence; the scientists might not always 
approve ofethe result, but then, non- 
scientists do not always approve of the 
activities of scientists. 

The message from both of these 
slightly narcissistic looks in the mirror 
































































emphasises a feeling which alres 
exists in both the USA and the 
Science today must be relevant 
problems of today, and what is: 
it must be seen to be relevant. 
JOHN GRIBB 


Easy listening science 
Over the past few weeks S 
morning listeners to BBC Rad 
been having a taste of up to tl 3 
reports from the scientific world. 
ence Now”, as its title suggests, 
been keeping its audience abreas 
the latest developments in scie 
techniques involved in anythin 
building a skyscraper from th 
downwards to the possible hazar 
the public from the development. 
new strains of mutant cells. > 
The BBC's radiophonic work 
provides a snappy piece of introd 
tory music which sets the tone for 
tightly packed programme of comme 
interview and discussion. The pri 
ter, Brian J. Ford, manages to maii 
the tempo throughout, and it is 
which seems to make thè- progra 
such easy listening. | 
Each thirty minute program 
cover a range of scientific topic 
table both to working scientists 
the man in the street with a 
in science. When ‘test tube ba 
the headlines recently, “Science: 
covered the subject and brougl 
the implications in non-sens: 
terms. As Brian Ford said, the 
represents “an interesting developm 
but not by any means a terrify 
prospect”. ai 
In the same programme the questio 
of how massive the Universe is 3 
the eventual slowing down of its» 
pansion, was discussed. But as seems. 
inevitable in any science programm 
today, medical items receive a goo 
share of attention. Audience response — 
indicates the understandable popularity — 
of medicine, but it does seem a little _ 
unfortunate that this sometimes serves o 
to divert a large proportion of the very — 
limited air time available for science 
(see Nature, 250, 362; 1974) away from K 
‘hard science’. a 
Still, a complete edition of “Science 
Now” was devoted to applied science 
and included oceanography, crop irri- 
gation, building methods, cancer ré- 
search and an exhibition to celebrate 
the discovery of oxygen 200 years ago. 
Where the programme differs from 
some of its predecessors is in „th 








isa a significant and worthetnle de 
ment, since often the caution of 
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scientific paper, which might be the 
peg for an item, masks an exciting 
development. Equally, of course, Ford 
has scope to comment about develop- 
ments, such as the ‘test tube baby’ 
story, where exciting publicity has 
masked the reality of a small and cau- 
tious scientific step, forward. 





obituary 


Given that such a programme must, 
to a large extent, reflect the personal 


approach of presenter and producer, 


“Science Now” is doing a good job. It 
seems unfortunate, however, that it 
is broadcast only once a week, at a 
time when many would be listeners 
must be involved with the ritual of 


pamm akan enc ys 
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weekend shopping and/or sport. Al- 
though much of the same ground is 
covered by New Scientist or the 
national press, it would still be good 
to have a second opportunity to hear 
the programme, perhaps on a weekday 
evening. 
SALLY OWEN 





Chu K’o-Chen 


Cuu K’o-CHEN, one of China’s most 
distinguished scientists, Vice President 
of Academia Sinica, died last February 
at the age of 84. When I first met him 
in 1944 he was President of Chekiang 
University, then in exile in the little 
town of Mei-t’an in Kweichow Pro- 
vince. One could soon glimpse the 
qualities which endeared him to gener- 
tion after generation of Chinese 
scientists-—a real lover of the things of 
the intellect and of Nature—small of 
stature, kindly, judicious and compas- 
sionate. 

His original training in geography, 
meteorology and astronomy was gained 
at the University of Illinois in 1917 and 
subsequently at Harvard. After he 
returned to China he became Director 
of the National Meteorological Institute 
of Academia Sinica at Nanking. Later 
on, after the Second World War, he 
was called from Chekiang University to 
become one of the Vice Presidents of 
the newly reconstituted National 
= Academy of Sciences. Apart from his 
early publications in geography and the 


technigues of meteorology, he acquired 
a life-long interest in phenology (hist- 
orical meteorology), Thus it came 
about that Chu K’o-Chen led a whole 
group of scientists in the study and 
analysis of China’s climatic changes 
over more than 5,000 years. 

Another great interest of Chu K’o- 
Chen was the history of astronomy in 
Chinese culture. He published a num- 
ber of papers on such subjects as the 
origin of the twenty-eight lunar man- 
shions (Asiu) and the development of 
calendrical science. It was natural, 
therefore, that he should exercise a 
beneficial influence on such studies in 
China, and he was one of the founders 
of the Institute of the History of 
Science some years ago in Peking, 
where it occupies the lovely old 
buildings of a former Manchu prince’s 
palace. 

Many Western scientists who have 
worked in China have been greatly in- 
debted to Chu K’o-Chen for his kindly 
understanding and never failing help. 
Two pictorial reminiscences of him 
come especially to my mind. First at 
Ts’un-yl, giving a warm welcome to 


some wandering European scientists in 
1944 with the aid of the delicious pao- 
tzu (stuffed dumplings) made in that 
place and cooked traditionally on beds 
of pine needles. Secondly, at the Inter- 
national Congress of the History of 
Science at Florence in 1956, Chu K'o- 
Chen led a distinguished Chinese dele- 
gation. When we all went out to Vinci 
to pay our respects at the farm where 
Leonardo was born, and to visit the 
castle of the little town with its 
museum of Leonardo’s inventions, we, 
as an international convention, received 
an unexpectedly enthusiastic welcome 
from the podesta and the people of 
Vinci. They regaled us with a splendid 
lunch and with an al fresco supper 
where they pressed upon us flasks of 
the excellent local wine. The Chinese 
and Japanese delegates, having come 
from so far away to pay homage to 
Leonardo, were particularly appreciated 
by the cittadini, and the sight of Chu 
K’o-Chen and his colleagues leaving 
for the bus with as many flasks as they 
could possibly carry remains one of 
my happiest recollections in the world 
of international science and its history. 





Announcements 


Awards 


Alasdair Muir Breckenridge has been 
awarded the Paul Martini Award 1974 
by the Medizinisch Pharmazeutische 
Studiengesellschaft eV, Frankfurt. 


Chaim Leib Pekeris has been awarded 
the 1974 Vetlesen Prize in Earth 
Sciences by the University of Colum- 
bia. 


Appointments 


Bernard Salvage has been appointed to 
a personal chair of high voltage engin- 
eering at Heriot-Watt University. 


W. A. Cramond has been appointed 
Principal and Vice-Chancellor of the 
University of Stirling. 


Errata 


In the article “Elongation factors for 
chloroplast and mitochondrial protein 
synthesis in Chlorella vulgaris” by O. 
Ciferri and O. Tiboni (Nature new 
Biol., 245, 209; 1973) some of the re- 
ferences in the text were wrongly 
numbered. The following corrections 
should be made: in Table 1 and Fig. 1, 
3 should be 6; 4, 7; 5, 8; 6, 9: 7, 10; 
in Fig. 2, 9 should be 12: in the text 
on pages 210 and 211, 10 should be 
13; 11, 14; 12, 15; 13, 16; 14, 17; 
15, 18; 16, 19; 17, 20; 18, 21; and 
19, 22. ° 


e 
In the article “Dietary preference and 
diseases of.age” by M. H. Ross and G. 
Bras (Nature, 250, 263: 1974) an error 
appeared in Table 1. The third number 
down in the penultimate column should 
read 77” not 7”. 


Corrigenda 

In the article “Early visual adaptation 
in goldfish retinal ganglion cells” by A. 
J. Afanador and A. J. Adams (Nature, 
250, 346; 1974) the last line of the 
legend to Fig. 2 should read “0 corres- 
ponds to 7.2X 10° s~ em”, 


The following corrections should be 
made to the article “Platelet contrac- 
tile regulation in an isometric system” 
by I. Cohen and A. de Vries (Nature, 
246, 36; 1973); line 41, 0.2 g min` 
cm™; line 43, 1.8 g cm”; Fig. 1 
z expressed in g cm”; Fig. 2 


ordinate Tension (g cm’) legend, 
ý . expressed in g cm”; Fig. 2 
ordinate Tension (g cm’): Fig. 4 


legend, Clot contraction model. 


N 
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THE ALGAE 


Second Edition 


V.J. Chapman and D. J. Chapman 


A completely rewritten and updated second 
edition of this successful student text. Information 
included ranges from a taxonomic survey of the 
principal divisions, classes and orders of the 
algae to a discussion of such topics as Ecology, 
Physiology and Bio-geography. Although the 
overlying approach of the book is general rather 
than specific few student texts are $0 
comprehensive in their coverage. 


£6.95 


EVOLUTION 
AND PLANTS OF THE PAST 


Harlan P. Banks 


A wide-ranging discussion of a number of 
important aspects of palaeobotany. The basis of 

the approach is an examination of the way in which 

plants have developed from the earliest times, but 

in contrast with the more traditional approach, in 

which each group of plants is examined 

separately, this book looks at each geological . 

period and treats its fossilflora as a whole. 

‘DOr. Banks’ successful blend of scholarship and + 
zest is manifest, and this book can be thoroughly 
recommended to students of pajlaeobotany’ 


— Times Higher Education Supplement 


Macmillan 


£1.60 


Gas Analysis Instrumentation 
Anthony Verdin 


The detection and analysis of gases and vapours has become essential in many 

areas of modern hife; noticeably industrial safety and control of the environment. 
ical methods has come into existence. 

The author draws on his fourteen years ol 

only wide-ranging view of all types of equipment presently available, Both 

ac 


, E SEEE OR O E E PR ETE EEA ere 
cademics and indust: ialists wifi rnd it INGISPENSADIE. L9 


Pai 


Electrical Breakdown in Gases 
Edited by J. A. Rees 


EE PELIE BR ada ie NE ne ee oper ema Sat ree eis atte ne ne ii Lis Died ga hege A eas 
The electrical breakdown of gases has been studied in the laboratory since 
olt G 


PE EEE T EE E. BE ET E e a aa Ea a eT ee 
his century and it is sixty years since Sir]. S. Townsend 


before the start of ince Sir |. 
wrote his monograph The Theory and lenisation of Cases by Collision, In that time 
the subject has been widely studied and a great deal of progress has been made 


i aS 
in understanding many aspects of the problem. |. A. Rees has selected the major 
papers in this feild and has linked them with comments and an introduction. 


i or Fm yo ~o oi fe py eta I png eae e a y g: ws + EE m pY He wick it Ir: 
Reprinted from the the original sources, the papers together provice a unique 


i Ni 2 $d ‘ pee mt at oy cen my. 
introduction to the ionisation of gases. £7.95 


Introduction to Space Charge 


Electron Optics 
G. A. Nagy and M. Szilagyi 


This introduction to space charge electron optics is an updated translation o! 


an ariainal kincarian mtublicatr Hin Reece ante 4 os VAP mensh es Siege Oe 
an original Hungarian publication which presents to the West for the first time 


SS 


a comprehensive survey of the vast work carried out in this field in the U SSR 
at actar ra bartanea. hae Rawever e EE ee Heat parakera ae at 
and Eastern Europe. It is however more than just a summary of literature as it 
t = 4 eee sc Pie eee ees i i EREA S ok z ; ; conte ES Sere een 
also contains the solution of many problems and so points the way to future 


£9,00 


developments. 
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Advertisements 
CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted co him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will net be liable for any loss 
occasioned by che failure of any advertisement to 
appear from any cause whateyer, nor do they 
accept hability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per {0 mm. Minimum £7.20, 
each additional 2 mr 72p. Full page £230.06, Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T, G. Scott and Son, Limited, | Clement's Inn, 
Londen, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2. 


o | Classified A 


























NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
INFORMATION OFFICER 


An information scientist, preferably with a degree 
i microbiology or biochemtistry, is required to 
kaKe pari in the new information service of the 
fnstitute., 

Appointment will be in the Scientific Officer 
Class. with a starting salary dependent on qualifica- 


io tions and experience. Present scales Scientific Officer 


£4,592 to £2,678 Higher Scientific Oficer £2 461 
=O te £3,371. At feast five veurs' relevant prist- 
O Qualifying experience is required for appomiment 
in the higher grade. The post is pensionable, 
Apply on forms obtainable from the Secretary, 
ALR D. Shinfeld, Reading RG? 9AT. Guote 
reference 74/20, {630} 
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SYDNEY HOSPITAL 
New South Wales 


Australia 


Staff Specialist 
in Intensive Care 


Applications closing September 15, 1974, are invited from suitably 
qualified medical practitioners for the position of Staff Specialist In Charge 
of the Intensive Care Unit at Sydney Hospital. 

Teaching at both undergraduate and postgraduate levels is an integral 
part of the position. 

Salary and conditions are those set out in the Hospital Specialist (State) 
Award (range $A15,203 to $A21,006). The Award is presently under review. 
The limited right of private practice is available under the terms laid down 
by the Health Commission of New South Wales in circular 72/78. The 
terms allow earnings up to 16 per cent of base rate salary, 

Under certain circumstances The Board may give consideration to two 
part time appointments to this post. Further enquiries may be directed to 
The Director of Anaesthesia. 

Sydney Hospital is a 460 bed teaching hospital of the University of 
Sydney. It conducts a wide range of medical. surgical and special surgical 
services and is accredited for post garduate training in genreal and special 
medicine and surgery, 

The Director of Anaesthesia will be visiting the United Kingdom in 
August/September. Applications in writing, stating age, training, experience 
and the names of three referees should be directed as follows: - 

Ist copy to Dr F. R. Berry, C/- Bank of New South Wales, 9-15 
Sackville Street, London. 

2nd covy by airmail to The General Medical Superintendent, Sydney 
Hospital, Box 1614, GPO, Sydney, 2001, New South Wales. (610) 
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REDUCED RATE OFFER 


The publishers appreciate that the 
inevitable high cost of an annual subscrip- 
tion to Nature restricts many regular 
readers to a circulation or library copy of 
the journal; these readers unfortunately do 
not enjoy the privilege of a personal copy 
to read at leisure and to keep for future 
reference. 


To help such people we are making an 
offer (for a limited period) of a twelve 
months subscription for only £15 on 
condition that application is made on and 
within the terms described on the coupon 
attached. We regret that for the time being this 
offer can only be made to people with 
addresses in the U.K. and that it will be 
withdrawn on 31st October 1974. 


lf this experiment is successful, we 
hope to be able to repeat it and extend it 
over a wider area. 





Nature 


PERSONAL REDUCED RATE 
SUBSCRIPTION ORDER FORM 

(Valid only if completed before 31st October, 1974) 
R. Alexander, 

P. & R. Department, 

Macmillan Journals Limited, 


4 Little Essex Street, 
London WC2R 3LF 


DATE 


Please enter me for a year's subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 

| enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 
Limited. 

The address to which | wish the journal posted 
is my personal address. 


NAME 
ADDRESS 


° a 


POSTAL CODE 


2 A 
Registered Ne. 785998 England. Registered Office: 4 Little Essex St London WOZAR 3LF 
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Pharmacologist/Toxicologis 
1armacologist/Toxicologist 
Servier Laboratories is a subsidiary of a French Pharmaceu- 
tical group with an international reputation for research based 
products and is located in attractive modern offices to the 
West of London, close to Perivale Central Line underpround 
station. 

A vacancy has arisen for a Pharmacologist who has several 
years post qualification experience in both Pharmacology and 
Toxicology, and who has acquired knowledge of submissions 
in this field to registration Authorities. 

He or she will be responsible to the Research and Develop- 
ment Manager for the planning and organising of pharmaco- 
logical and toxicological studies throughout the U.K. This 
will involve regular contact with outside research specialists. 
There will also be close liaison with our French parent Com- 
pany, involving some travel to Paris and a working knowledge 
of French would therefore be an advantage but is not essential. 
The provision of a company car will be considered depending 
on the amount of travelling involved and other benefits in- 
clude annual bonus, four weeks holiday a year, pension and 
life assurance scheme. B.U.P.A. and the opportunity to work 
flexible hours. 

Applications to Malcolm Townend, Personnel Manager, tele- 
phone 01-998 2939 or write to him at Servier Laboratories 
Lid., Servier House, Horsenden Lane South, Perivale, Green- 
ford, Middx UBG 7PW ID) 





LABORATORIES =] LIMITED 


=e 


Department of Biomedical Engineering, 
Institute of Orthopaedics (University of London), 
Brockley Hill, Stanmore, Middlesex HA7 4LP. 

A vacancy exists for a Materials Scientist to study basic 
factors concerned with lubrication, wear, fatigue and 


corresion of plastics and metals used in the manufacture 
orthopaedic implants. Applicants must be graduates in 


f 
`. 
£ 


c! 
materials science or in an allied discipline and have had 
reasonable experience in the types of technological 
problems with which the post is concerned, e 


The pest is grant aided and will be for three years in th¢ 
rst instance. The commencing salary will be £3636 rising 
to £3990 (plus London Allowance). Further details can 
be obtained from Professer John T. Seales, to whom 
application shculd be made with curriculum vitae and two 
referees by 14th September 1974. (717) 















CHARING CROSS HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Tht Animal Unit mquires a RESEARCH 
ASSISTANT to collaborate with the Veterinarian 
in charge in the establishment of a quality control 
laboratory. The post would be suitable for a 
graduate or similarly qualified person with a back- 
ground in microbiology or a relevant biological 
science, Starting salary not less than £1,350 depend- 
ing upon experience. ac ae 


For further information please contact: Mead of 
Animal Unit, 55 Aspeniea Road, London Wé SHH 


Telephone 01-385 7709. (628) 


“METALS ABSTRACTS” | 

The international abstracting service foro 
metallurgy offers permanent positions as | 
SENIOR EDITORIAL ASSISTANTS. The — 
work consists of editing, indexing, and checke fo 
ing abstracts for publication. A science degree,” Be 
preferably in metallurgy, physics, or chemistry, 
is necessary and a working knowledge of a 
foreign language would be an advantage. 
















Applications, stating age, education, quali ~. 
fications, and experience, to Dr T. Graf- 
Metals Abstracts, The Metals Society, f 
Carlton House Terrace, London SWIY SDB. 

(633) 






UNIVERSITY OF 
BRITISH COLUMBRIA 
DEPARTMENT OF PHARMACOLOGY 


Two assistant or associate professors to be 
appointed by July 1, 1975, 











Salary to be negotiated. Du ude teaching 
and research. Applications in g curricu 
vitae and the names of three referees to be sent 
ta Dr. M. C., Sutter, Head. Department of Phar 
macology, University of British Columbia, Canada, 
VAT W5, by December 1, 1974. ar 


An Equal Opportunity Employer, M/F. (702). 





WEST BERKSHIRE HEALTH 
DISTRICT 
MEDICAL PHYSICS 
TECHNICIAN 


for the modern Isotope Laboratory at the 
Royal Berkshire Hospital, Reading, for ` 
interesting work in the chemistry and physics.) 
of medical isotepe techniques. Post will be -f 
on Grade V or Grade IV (£1,308 to £1,677 J 
or £1,530 to £1,953). Day release for further. - 
training possible. (Normally ONC. or 2 °A* | 
levels required). me 
Reading is a pleasant University. town | 
offering easy accesso to London, Oxford, | 
Windsor. Henley and attractive surrounding. 
countryside, . saat 
Written applications with relevant details 
and naming 2 referees to the Hospital Secre- 
| tary, Royal Berkshire Hospital, London Road, 
i Reading, Berkshire. (642) 


MEDICAL RESEARCH COUNCIL 
VIROLOGY UNIT 
INSTITUTE OF VIROLOGY 


UNIVERSITY OF GLASGOW 


A vacancy exists for an Tmmunologist. on. the 
scientific staff of the MRC. . Virology Unit. 
Applicants should be experienced in immunolo- 
gical techniques and able to take responsibility 
far the immunological side of investigations with 
herpes virus. A considerable interdisciplinary effort, 
using a combination of biochemical, genetical and 
virological techniques is already under way and it 
will be the candidate’s role to add immunological 
know-how and bring an immunological attitude of 
mind to the combined approach. The Immuno- 
logist would have the full time services of a 
technician. 


The appointment in the first instance, will be 
for 3 to 5 years on the non-clinical scientific staff 
with salary starting at an appropriate point on the 
Grade H scale (expected scale from October 1974, 
£2,019 to £3,636) F.S.S.U. 


Applicants should send a Curriculum Vitae giv- 
ing full details of qualifications and experience, 
and the names of three referees to Professor J. H. 
Subak-Sharpe, Institute of Virology. University of 
Glasgow, Glasgow Gil S53R by September 20, 
1974. (723) 














veterinary conditions. 


The person we have 























UNIVERSITY OF GLASGOW 
POSTDOCTORAL RESEARCH 
APPOINTMENTS 


_Applications are invited from Organic Chemists 
for two Postdoctoral appointments tenable from 
October 1, 1974. 

The first is for one year for research on the 
Biosynthesis of Fungal Antibiotics at a salary of 
£2,247 per annum. F.S.8.U 

The second is for two years for research on 

the Biosynthesis of a Novel Fungal Metabolite at 
ati imitial salary of £2,247 rising to £2,412 per 
annuam. FSS U. 
_ Further details may be obtained from Dr, N, 
J, MeCorkindale, Department of Chemistry, The 
University of Glasgow, Glasgow, G12 SOQ. 

In reply please quote Ref. No. 3520 M. 

(724) 





UNIVERSITY OF WARWICK 
RESEARCH TECHNICIANS 


The Department of Biological Sciences has 
Vacancies for a permanent appointment and also 
ame. to three year contract posts for technicians 
ine the Microbiology and Virology Research 
Laboratories. Applicants should have experience 
wi microbiology and/or biochemistry and possess 
appropriate qualifications, Salary on the Tech- 
nician Grade 3 scale £1,650 by £54 to £1,920 p.a. 
plus threshold payments. Applications in writing 
ty the Academic Registrar, University of Warwick, 


Coventry CV4 JAL, quoting Ref. No. 1/D/74 
by August 21, 1974, (725) 


AAAA aama a AANA DAA innnan i A, 


DUDLEY AREA HEALTH 
AUTHORITY 


Applications are invited for the post of BASIC 
GRADE BIOCHEMIST in the Group Biochemistry 
Laboratory at the Guest Hospital, Dudley. The 
., Sticeessful applicant would be expected to contri- 
bute significantly to the routine service offered by 
be department as well as to the expansion of the 
ie. Whitley 







. P. A. Jones, Principal 
| Telephone Dudley 53304 Ext: 
Applications, quoting names and addresses of 
‘two referees to: Hospital Secretary, The Guest 
Hospital, Tipton Road, Dudiey, (722) 


DICINAL CHE 


Career opportunity for experienced HNC /graduate 


Our Chemical Research Department is concerned with 
programmes of synthesis directed towards the discovery 
of novel therapeutic agents for a range of human and 


We need an additional experienced HNC. /graduate 
to become a key member of one of our research teams. 
in mind will 
knowledge of synthetic organic chemistry with an 
: outstanding ability and record of achievement as an 
< experimentalist in this field. 


He/she will have had approximately ten years post- 
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qualification experience in the pharmaceutical industry 
and be used to supervising and training junior staff. 


The ideal applicant will command a starting salary of 


c. £3,000 p.a. (plus threshold payments). Salaries are 


have a wide 


working hours. 


reviewed annually and a bonus scheme is in operation. 


Other terms and conditions of employment include 
pension and death benefit 
scheme, assistance with removal 


sickness benefit 
and flexible 


scheme, 
costs 


Our modern laboratories are situated in a pleasant 


KINGSTON POLYTECHNIC 
RESEARCH ASSISTANT 


SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 


to study ultrasonically induced damage in bio- 
logical material and the mechanisms by which this 
occurs. 


Applicants should be honours graduates in a 
physical science or biology. You would be encour- 
aged to register for a higher degree. Salary £1,427 
ta £1,337 Gander review), 

Application forms and further details from 
Appointments Officer, Kingston Polytechnic, Pen- 
rhyn Road, Kingston upon Thames KTI ZEE. 
Tel. O1-549 1366, (743) 


THE UNIVERSITY OF 
MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH 
(Ref: CH/123/A1) 


Applications are invited for an S.R.C. Post- 
doctoral Assistant to join a research group 
concerned with the dynamical properties of 
liquids and solutions, The project involves 
a study of molecular motion in liquids by 
computer simulation of molecular dynamics, 
Applicants should have experience in a 
related area of chemistfy, physics or 
mathematics and also experience with com- 
puter progragnming. The appointment will 
be for up to two years with a minimum 
Starting salary of £2,118 per annum, plus 
FSS. 0, 


Applications, including a currfculum vitae 
and the names of two referees, should be 


sent to the Registrar, U.M.ES.T., Man- 
chester M60 10D to arrive not later than 
September 7, 1974. e {719) 





rural coastal area at Sandwich, Kent. 


Applications, giving age and brief details of experience should 
be addressed to:— 


G. Marshall, Personnel Officer, Central Research, 
Pfizer Limited, Sandwich, Kent CT13, 9NJ 


(720) 


MEDICAL RESEARCH COUNCIL 
VIROLOGY UNIT 
INSTITUTE OF VIROLOGY 
UNIVERSITY OF GLASGOW 


Applications are invited from post-doctoral 
graduates in biology, cell biology, biophysical, 
genetics or microbiology to join a research group 
concerned with human adenovirus genetics and 
ancogemcity. Experience im virus genetics or animal! 
cell culture is not a prerequisite, but would be an 
advantage. The post is tenable for a period of 
three years from October 1, 1974 and the salary 
WHI start at an appropriate point on the Grade Ii 
scale (expected range from October 1974 —-~ £2019 
to £4,636 per annum) F.S.S.U). 


Applicants should send a Curriculum Vitae Pah 
ing full details of qualifications and EXPerientce, 
and the names of three referees to Professor J. H. 
Subak-Sharpe. Institute of Virology, University of 
Glasgow, Glasgow Gil SJR by September 20, 1974. 

727) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
MICROBIOLOGICAL CHEMISTRY RESEARCH 
LABORATORY 


Applications are invited for the position of 
Research Associate in this unit which is concerned 
with chemical and biochemical aspects of bacterial 
cell walls and membranes, Applicants should pos- 
sess a Ph.D. or equivalent qualification. The work 
involves a study of the mechanism of biosynthesis 
ai teichoic acids and related compounds in bacterial 
membranes under the direction of Professor J. 
Baddiley, F.R.S. Experience in most aspects of 
biosynthesis, enzymology or microbial biochemistry 
would be appropriate. The position which is sup- 
ported by the Science Research Council is for three 
years and is in the salary range £2,118 16 £2,412 
@ith F.SS.U. and is available from October i or 
as soon thereafter ay convenient. 


Applications should be made to Professor J. 
Baddiley, Microbiological Chemistry Research 
Laboratory, The University, Neweastle upon Tyne 
NEI 7RU. giving full particulars and the names 
of two referees, (734) 








_ DORSET AREA 
HEALTH AUTHORITY 


EAST DORSET HEALTH CARE DISTRICT 


SENIOR CHIEF 
TECHNICIAN 
IN BIOCHEMISTRY 


A vacancy exists for a senior chief technician in the above 
department (situated at Poole General Hospital). 


Applicants should have a high level of experience in automated 
techniques, some experience of on-line computer application 
would be an advantage. The laboratory has a through put 

of approximately 750,000 tests per annum, 95% via the 
automation section. The laboratory has full computer back 
up for on-line working of analytical equipment and data 
processing. 


Further information and job description can be obtained 
from Dr. J. H: Johnstone, Consultant Biochemist, Poole 5100 
ext. 474 or Mr. Butcher, Principal Chief Technician, 
Bournemouth 35201 ext. 351. 

Application. forms etc. can be obtained from the District 
Administrator, District Office, Royal Victoria Hospital, 
Shelley Road, Boscombe, Bournemouth, Dorset BH! 4HX. 
Closing date August 31, 1974 (716) 


























= Senior 





crobiologist 
Tate & Lyle 
Research Centre 
Reading University 


A Microbial Cell Physiologist is required to work in an 
established multi-disciplinary team conducting basic and 
development studies into the biosynthesis of bacterial 
metabolites, Tate & Lyle group research and development, 
sited within Reading University Campus, enjoys active 
participation in university activities and has excellent 
research facilities, including fully instrumented fermen- 
tation equipment. | 

Applicants must possess a PhD. Expertise in a field of 
appropriate research together with an interest in the 
pae and physiological controlof metabolite production 
y micro-organisms would be an advantage. 

Competitive starting salary is negotiable and excellent 
fringe benefits are provided. Career prospects include 
opportunities both in research and commercial fields. 

If interested, please write describing past research 
and future aspirations both in terms of research 
and personal development to: 


Group Management Services Dept 
(Ref N) 

Tate & Lyle Limited, 

21 Mincing L&ne 

London EC3R 7QY 








































UNIVERSITY OF 
NEWCASTLE UPON TYNE 
ELECTROCHEMISTIRY RESEAR 

LABORATORIES 


RESEARCH ASSOCIATE 


A post-doctoral Research Associate. 
to work. on the evaluation, and furthe 
ment of a range of novel fon sensitiv 
The successful applicant will jo 
group under the direction of Dro J 
An electrochemical background is: d 

A wide range of equipment, including fac 
for working at elevated temperatures and pre: 
is available, OE aS ; 

The appointment ix for two. years commencing | 
in the Autumn of 1974 and is in the salary range: 
£2,118 to £2,412 depending on age and experience 


Applications or requests for further information : 
should be sent to Dr. T. Dickinson, Department. 
of Physical Chemistry, The University, ee 








upon Tyne NEI 7RU. 


MEDICAL RESEARCH COUNCIL 


Laboratory Animals Centre. are 
Senior Technical 
Post 


Application are invited for post of 5è 
Technician (Animal) in charge of Isola 
Area of the Laboratory Animals Ç 
which includes Germ-Free Unit, quarantine 
room, sheep and goats and experimental 
animais. This interesting and varied pos 


in germ-free technology, a wide knowledge 
of animal husbandry techniques and t 
management of staff. Ability to liaise wi 
staff of all levels essential, E 
Salary range £2,220 to £3,021 plus £126 
London Weighting: 4 weeks annual lea 
plus official holidays: Superanhuable -po 
social club, ERE 
Apply to Chief Technicians Office,” 
cal Research Council, Laboratory Aj 
Centre, Woodmansterne Road, Cat 
Surrey SM5 4HP. can 


UNIVERSITY OF 
NEWCASTLE UPON TYNE. 
ELECTROCHEMISTRY RESEARCH 

LABORATORIES 


INORGANIC/STRUCTURAL 
CHEMIST = > 


A post-doctoral Reséarch “Associate 5 
to work on the preparation and charac 
of jonically-conducting solids, The success! 
ant would join an existing group: 
electrochemical properties of solid elec 
wide range of experimental facilities are. 

The appointment is for two years commencing: in 
the Autumn 1974 and is in the salary range AAIR 
to £2,412 depending on age and experience. GO oc 

Applications or requests for further particulars 
should be sent to Dr. T, Dickinson, Department. 
of Physical Chemistry, The University, Newcastle 
upon Tyne NEI 7RU, CTBSP es 

abet Sad 

UNIVERSITY OF 
NEWCASTLE UPON TYNE. 
ELECTROCHEMISTRY RESEARCH o =o 
LABORATORIES pene ast 


JUNIOR RESEARCH ASSOCIATE 


A Junior Research Associate is required to work. 
on a variety of novel electroanalytical devices. Theos. 
successful applicant will join an existing gropo cois 
under the direction of Dr. J. V. Dobson which =o 
is developing electrochemical techniques for phe ci 
analysis of gases and solutions. co 


Preference will be given to applicants possessing 
some knowledge of electronics and being prepare 
to learn to operate simple machine tools and 
in the experimental work. ` 

The appointment is for an initial period: 
year, as from autumn of 1974, but is. rene 
for gat least a further two years, A sal 
£1,569 by £81 is payable. eek 

Applications or requests for further infor 
should be sent to Dr. T. Dickinson, Dep 
of Physical Chemistry, The University; N 
upon Tyne NEIL 7RU. oat Aa 












































UNIVERSITY OF DUNDEE 
Department of Biological Sciences 
Applications are invited from Honours 

graduates in Botany, Biology, Agriculture 

or a related discipline for a post as 
RESEARCH ASSISTANT 

for work on an investigation of the contri- 

butlon of Myrica to the nitrogen economy of 

natural ecosystems, 

The project is supported by a NERC. 
grant and the post is available for three 
years. The salary will be in the region of 
£1,500 per annum. 

Further information is available from 
DOr J. L Sprent of the Department of Bio- 
logical Sciences. Applications, quoting ref- 
erence Est/S1/74, and including the names 
of two referees, should be sent to: The 
Secretary, The University, Dundee DDI 4HN 
aS soon as possible, (744) 

















UNIVERSITY OF NOTTINGHAM 
FACULTY OF AGRICULTURAL SCIENCE 


Applications are invited from suitably qualified 
graduates for the position of DEMONSTRATOR 
IN ANIMAL PHYSIOLOGY in the Department 
af Physiology und Environmental Studies. 


Duties inglude assistance in practical and tutorial 
classes in animal physialogy. The person appointed 
will be required to participate, under the Super- 
vision of Dr. T. B. Mepham, in a research project 
an the comro of metabolism in the lactating 
mammary gland, using isolated perfused gland 
Preparations. Where appropriate the person 
appointed will be epected to register for a higher 
degree. 

The salary will be within the range £1,611 to 
£1,738 per annum, Applications by fetter to the 
Stall Appointments Officer, University of Not- 
Hingham, University Park, Nottingham, quoting the 
names of two referees. Closing date, August 31, 

(736) 


TATENA maaa LA AMALA mun ARNE Ri teeter drremr A tater Aer 


THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 
S.R.C. RESEARCH TECHNICIAN 


A Technician is required in Organic Chemistry 
to assist in an investigation into the ‘Mechanism 
of Aromatic Sulphenation in Aqueous Sulphuric 
Acid’, a project supported by the S.R.C. for 
three years fram October 1, 1974, 


Initial salary up to £1,704 per annum plus £228 
London Allowance depending on age, qualif- 
catigns and experience. 


Application with names of two referees, as soon 
as possible, to: Dr R. G, Coombes, Department of 
Chemistry, The City University, St John Street, 
Londan ECIV 4PB. (739) 


North East 


London 
Polytechnic 


Department of Applied Biology 





Applications are invited for the post 


Senior Lecturer 
in Pharmacology 


The successful applicant will be respon- 
sbile for the first year of the two year 
part-time MSc course (CNAA). He will 
also be required to teach on the BSc 
Applied Biology course (CNAA). Ap- 
plicants should possess a good honours 
degree in a suitable specialism (Phar- 
macology, Physiology, Biochemistry or 
Pharmacy), and have had extensive 
post-graduate experience. 
Salary scale: 

Senior Lecturer £3,643 to £4,330 
Further details and application form from: 

The Academic Staffing Officer, 


Ref. S$/CF 131, 
North East London Polytechnic, 
Forest Road, on EY 4jB. . 


Tel: 01-527 22772. 
for return by: August 30, 1974. 
{742} 
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Department of Agriculture and Fisheries for Scotland 
Royal Botanic Garden, Edinburgh 


Flowering Plant 
Taxonomists 


m (Ref: SA/6/DLD) Work on the taxonomy of the living plant 
collection W Responsibility for the herbarium of cultivated plants. 
@ (Ref: SA/7/DLD) Undertake curatorial work in the herbarium and 
related collections @ Pursue taxonomic research under supervision. 
0] Good hons degree or equivalent in Botany or Horticulture — Age under 
30 i Appointments as Scientific Officer (over £1700 — £2800) or, for 
SA/6/DLD, with 2 years’ postgraduate experience as Higher Scientific 
Officer (over £2550 - around £3500). | a 
.. Application forms (for return by to September 1974) from Scottish 
Office, Personnel Division PTS(1}, Room 214, 22/25 Queen Street, Edin- 
burgh EH2 ILY, telephone 031-556 9222 ext. 762. 


Tropical Products Institute 
London 


Microbiologist/Chemist 


E To run small unit concerned with evaluation and development of 
traditional and industrial fermentation processes, particularly those 
relevant to nutrition in tropical countries. 

| ist/2nd hons degree or equivalent in appropriate subject ~! 4 years’ 
relevant post-graduate experience, including considerable experience of 
small scale fermentation work © Prospect of assignments abroad ~: Age 
normally under 32 °° Appointment as Senior Scientific Officer (over £3550- 
around £4800) — Ref: SA/32/7TD. o eee 

~ Application forms (for return by 9 September 1974) from Miss C. A. Hall, 
Tropical Products Institute, 127 Clerkenwell Road, London EC1R 5DB. 


(713) 


CIVIL SERVICE 





Veterinarian for 
Mastitis Research 


Applications are invited for an established post in the Veterinary 
Research Laboratories of the Department of Agriculture at Stormont. 


Applicants shouid hold a Veterinary degree. Some postgraduate 
expenence in practice and laboratory work would be an advantage. 


The successful candidate will be specially assigned to work on mastitis 
in cattle. Collaborative research opportunities are available and educa- 
tional and field extension work will be required. 
The salary scale is: 
Veterinary Research Officer (Grade 1!)—-£2,852 to €3.610 
Veterinary Research Officer (Grade 1)-—£3,610 to £4,365 


Grading and starting salary will be related to qualifications and 
experience. And a cost of living supplement is payable. 


Please write or tel€phone for an application form and further information, 
qucting Ref. SB 215/74/N to Civil Service Commission, Clarendon House, 
Adelaide Street Belfast BT2 8ND (telephone 0232-44300, ext. 26). Com- 
pleted forms must be returned to arrive not later September 10. 1974. 


è {782) 


‘NORTHERN IRELAND 
CIVIL SERVICE 
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UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSIOLOGY AND BIOCHEMISTRY 


Applications are invited from suitably qualified persons for the following posts:- 


1. LABORATORY TECHNICIAN---BLOCHEMISTRY 
Grade 4. £1,848 to £2,163 per annurn. 
To assist research. involving chemical synthesis and evaluation of novel compounds 
and to assist with undergraduate practical classes. Ref: 274/T/NA. 


2, LABORATORY TECHNICIAN---BIOCHEMISTRY /MICROBIOLOGY 
Grade 4. £1,848 to £2,163 per annum. . 
To be responsible for technical support to medical and science undergraduate Bio- 
chemistry/Microbiology classes and provide some support for related research, 


Ref: 2738/7 /NA. 
3. LABORATORY TECHNICIAN~--PHARMACOLOGY 
Grade 3, £1,650 to £1,920 or Grade 4. £1,848 to £2,163 per annum, according to 
qualifications and experience, 
To provide technical support for Science undergraduate Pharmacology / Mammalian 
Physiology classes and research. Ref: 276/T/NA. 


4, PHOTOGRAPHIC/REPROGRAPHIC TECHNICIAN 
Grade 3. £1,650 ta £1,920 or Grade 4. £1,848 to £2,163 per annum. 
To provide a departmental photographic service, to produce slides, and to prepare 
diagrams, graphs and illustrations. Ref: 277/T/NA. 
§ LABORATORY TECHNICIAN—RADIOISOTOPIC SERVICES 
Grade 3. £1,650 to £1,920 per annum. 
To be primarily responsible for radioisotopic facilities in the Analytical Services Unit. 
Experience of instrumentation and/or chemistry/biochemistry. Ref: 279/T/NA 


6 ELECTRON MICROSCOPY TECHNICIAN 
Grade 2B. £1,824 to £1,794 per annum i 
To join a unit providing Electron microscopy services. Some experience of E.M. work 
and/or histology. Ref: 281/T/NA 
Cost of living allowance currently £2.40 per week payable in addition to salary shown. 
Posts 1-4: Related experience, an appropriate qualification (minimum ONC. or 
equivalent) and enthusiasm are required for these established appointments. Graduates 
in appropriate disciplines are welcome to apply for posts 1-3. 
Posts 5-6: Minimum qualification for these posts O.N-C. or equivalent in appropriate 
subjects. 
Applications giving details of age, qualifications and experience and the names of two 
referees should be sent to the Deputy Secretary's Section, The University, Southampton 
SOS SNH, quoting appropriate reference number. (730) 































Pharmaceuticals 
ey IVISION 
cy 


Information 
Scientist 


Applications are invited for a Science Graduate to join a 
team providing current awareness and information 
retrieval services to research scientists. The applicant 
should have a sound knowledge of organic chemistry. A 
reading knowledge of German would be an advantage. 


Mechanised information systems are in operation. 
Previous experience is not essential, but the successful 
applicant must be prepared to meet the challenge of 
mechanisation in information work and also show a keen 
interest in the pharmaceuticals industry. 


Pharmaceuticals Division is attractively situated in rural 
North Cheshire within easy reach of main road and rail 
routes. Conditions of service, career opportunities and 
assistance atven to married men in moving home are 
designed to attract and retain staff of high calibre.e 


Please write, asking for an application form to: 


Miss K E Webster, Personnel Officer 

iC! Pharmaceuticals Division 

Mereside, Alderley Park, © » 
Nr. Macclesfield, Cheshire. 


(771) 




















ROYAL POSTGRADUATE —. 
MEDICAL SCHOOL 

JUNIOR TECHNICIAN — . 

required in a Biochemistry Laboratory, Pos 


able for candidate attempting entrance to t 
in 1975. Other candidates holding GCE “O° 

























JUNIOR TECHNICIANS 
(2 Posts) 


required from October J], 1974 to assis 
search into muscle diseases. Posts suil 
School Leaver holding a minimum of GC 
level passes in English, Maths and two. see 
subjects. eae 
Salary according to age and qualifications. — 
Applications to the Secretary, RPMS, Hamm 
smith Hospital, DuCane Road, London W12 0H) 
quating ref. no, 6/2S54N. ATH 

















NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND: 
INDUSTRIAL RESEARCH 


The Applicd Biochemistry Division of t 
partment of Scientific and Industrial Rese 
Palmerston North has a vacancy for a om 
logisi-fermentation scientist in the carbohyd 
research group. The group is involved in researt 
an the production of mould extracellular enzymes 
and their use in the degredation of wood wast 
and would also aim to contribute to a more furi- 
damental study of the lignin-carbohydrate rek 
ship in plant cell walls. kk 
Qualifications: PhD with 2-3 years research. 

perience, and with a sound knowledge of fun 
Salary: Up to NZ$9,339 p.a. dependent on. qui 

ficalions and experience. oes 
Passages: Fares for appointee and his immedi 

family, will be paid. a 
Incidental expenses: Up to NZSI20 for a 

man and NZ$800 for R married man ¢a 

claimed to cover the cost of taking persi 
effects to New Zealand, ve 

Application forms and general information a 
available from the High Commissioner for Ne 
Zealand, New Zealand House, Haymarket, Londa 
SWtY 4TQ, with whom applications will close: or 
September 16, 1974. ER 

Please quote reference P/T 116 when enquir 

(74: 




























































NATIONAL INSTITUTE FOR | 

BIOLOGICAL STANDARDS ~ 
AND CONTROL | 

HAMPSTEAD, LONDON NW3 6RB . 


Medical or postdoctoral biochemistry gra 
needed in Division of Hormanes and Blood 
ducts to help in setting up WHO. and 
reference Standards for certain substances .im 
ant in medicine, including peptide horm 
which are estimated by radioimmunoassay. 

The work involves wide collaboration 4 
scientists in a variety of disciplines. There. 
excellent opportunities for research. 

Appointment on M.R.C. salary scale for no 
clinical scientifc staff £1,830 to £3,708 ph 
London Weighting £162 pma. University or N. 
superannuation. E at 

Further information available on request. fa0°00.- 
the Institute. spre 

Applications, addressed to the Director of theco tis 
Institute, should arrive by the end of September ooo: 
1974. (IAS) oe 





MEAT RESEARCH INSTITUTE 
BACTERIOLOGIST 


required to study the origin, spread and survival 
of salmonellae and other food-poisoning organisms 
which may contaminate carcass meat, and im- 
prove methods for their demonstration and re- 
covery. The successful applicant will also be. 
expected to participate in an established pro- 
ramme of research on factors which inhibit i 
growth of bacteria. "g 
Salary range: Scientific Officer £1,592 rising 
£2,675; Higher Scientific Officer £2,461! rising: 
£3,371. There is a non-contributory superanna 
scheme, r 
Applicants will be expected to have 
or upper second class honours degree. 
salary according to qualifications and €x 
but for entry to the H.S.O. scale, applica: 
have at least two years postgraduate - 
experience, Fee 
Application forms. Secretary, Meat Re 
Institute, Langford, Bristol BS18 7DY. 4{ 














UNIVERSITY OF LONDON 
CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from graduates in 
science or medicine for a research post (17 months 
initially but probably continuing) to join a group 
working on the possible use of lipid vesicles Gipo- 
somes) in drug administration and in enzyme re- 
Placement therapy in disease, The applicant should 
be under 30 years: salary according to age and 
qualifications but on the Jectureship scale. Experi 
ence in the field of tissue culture would be an 
advantage. The group is based in the new Jabora- 
tories of Charing Cross Hospital Medical Schoo! 
in Fulham. 

Applicants should send a curriculum vitae and 
the names of two referees as soon as possible to 
Professor Brenda E. Ryman, Department of Bio- 
chemistry, Charing Cross Hospital Medical School. 
Fulham Palace Road, London, W6 RRF. 

(TI) 








THE GRASSLAND RESEARCH 
INSTITUTE 
MURLEY, MAIDENHEAD BERKSHIRE 
SCIENTIFIC OFFICER /HIGHER 
SCIENTIFIC OFFICER 


is required in the AGRONOMY DEPARTMENT 
to assist with husbandry investigations on the 
yield and quality of grass and forage crops, with 
particular relevance to the efficiency and nitro- 
gen usage and/or the management of grass/legume 
mixtures. 

Minimum qualifications: —Pags degree or 
equivalent in agriculture or a relevant science and 
preferably experience of field and laboratory in- 
vestigation on grassland plants, 

Salary: Scientific Officer £1,592 to £2,675 per 
annum: Higher Scientific Officer £2,461 to £3,371] 
per annum, plus cost of living supplement. 

At least § years post graduate experience will 
be required for appointment in the higher grade. 

There is a non-contributery Superannuation 
Scheme. 

Applications to the Secretary by September 36, 
1974, giving curriculum vitae and the names of 
three referees. Reference 2/1/2. (740) 


Enana SO 


UNIVERSITY COLLEGE GALWAY 
JUNIOR LECTURESHIP IN BOTANY 


Applications are invited for the above post. 
Salary scale £2,478 by 99 (10) to £3468 pia. plus 
Family Allowances, Applications will be parti- 
culariy welcome from candidates with a Specialised 
knowledge of Irish vegetational history, 

The closing date for receipt of applications is 
September 12, 1974. Prior to application, further 
information should be obtained from the Registrar 
of the College. (738) 


Peed 








UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 
EXPERIMENTAL OFFICER 


Applications are invited for the above post 
(financed by the Science Research Council) to 
work with a group on some aspects of Affinity 
Chromatography, Applicants should hold a good 
honours degree in Chemistry or Biochemistry, 
and have experience in either nucleotide chemistry 
or enzymology. The appointment will be on the 
scale £1,764 to £2,553 per annum, and at is 
hoped that the successful applicant will take up 
the post by October i, 1974. 

Application forms may be obtained ftom the 
Registrar, The University of Liverpool, P.O. Box 
147, Liverpool L69 3BXK. Quote ref. RV/N/276175. 

(766) 


teen retention enna 


UNIVERSITY OF SYDNEY 
LECTURESHIP/SENIOR 
LECTURESHIP IN BIOCHEMISTRY 


Preference to candidates with teaching and 
research experience in fields of metabolism of 
animal tissues, 

The position advertised is a permanent one, bur 
it may be filled at the Lectureship level for three 
years in the first instance, with possibility of per- 
manency after that time or in certain cases return 
fares. 

Salary ranges—Lecturer: $A9,002 to $A1I2,352 
p.a.; Senior Lecturer: $A12,643 to $A14,724 p.a. 

Applications, including curriculum vitae. list of 
publications and names of three referees, by 
September 16, 1974 to the Registrar, University of 
Sydney, N.S.W. 2006, Australia, from whom fur- 
ther information is available. Further information 
also available from Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF. (764) 
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AUSTRALIAN ATOMIC ENERGY COMMISSION 
RESEARCH ESTABLISHMENT 


Lucas Heights—near Sydney 


Deputy 
Controller Safety 


An experienced safety specialist is required to fill the position of 
Deputy Controller Safety within the Safety Section of the Australian 
Atomic Energy Commission Research Establishment, Lucas Heights, 
N.S.W., Australia. The Safety Section covers a broad spectrum of 


safety activities including:- 
radiological protection, 
critically safety, 
reactor safety, 


industrial safety. 


non-ionising radiation protection, 


This is a senior position and the appointee will be expected to have 
had a number of years of relevant safety experience and to have a 
strong interest in safety management. He will be required to assist 
in the management of the Safety Section, to undertake specific work 
in one or more of the above mentioned safety activities and to 


maintain a broad interest in the others. 


The minimum qualifications required are a University degree or dip- 
lomo of a standard acceptable to the Commission. It is anticipated 
that an appointment will be made within the grade of Scientific Ser- 
vices Officer, Class IV, $A13,299 to $A14,202, but an appointment to 
a higher grade will be considered for an applicant who is better 
qualified and more experienced than envisaged in this advertisement. 


Application forms may be cbtained by writing to the Counsellor 
(Atomic Energy}, Australian High Commission, Canberra House, 10-16 


Maltravers Street, London WC2R 3EH. 





HERIOT-WATT UNIVERSITY 
DEPARTMENT OF PHYSICS 


Applications are invited for a Post- 
Doctoral Research Assistantship be- 
ginning October 1974. The research 
programme, directed by Dr. D. L. 
Weaire, is the study of structural 
models of Amorphous Solids, and 
involves the use of computational 
methods. 

The appointment is funded by the 
Science Research Council, and is for 
a period of three years, 

Comme®cing salary not more than 
£2,118 per annum. . 

Applications, consisting of a brief 
curricolum vitae and thee names of 
two referees, should be sent to Pro- 
fessor Harpe, Department of Physics. 
Heriot-Watt Univergity, Riccarton, 
Currie, Midlothian, EH14 4AS. (757) 





(754) 








HERIOT-WATT UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Post-Doctoral Research Assistantship 


Applications are invited for a 
Post-Doctoral Research Assistant- 
ship, sponsored by the Science Re- 
search Council, to study photo- 
chemistry in the vacuum ultraviolet 
region in collaboration with Dr. P. 
lohn. The appointment is tenable for 
two years, commencing October 1, 
1974. The salary will be im the range 
£2,247 to £2,412, plus F.SS.U, 

Applications consisting of a brief 
curriculum vitae and the names of 
two referees, should be sent to Dr. P. 
John, Department of Chemistry, 
Heriot-Watt University, Riccarton, 
Currie, Edinburgh EHI4 4AS. (758) 





aot 
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NORTHERN RIVERS 
COLLEGE OF ADVANCED EDUCATION 
LISMORE, N.S.W., AUSTRALIA 


The Northern Rivers College of Advanced SCHOOL OF CULTURAL AND 





Education is a multi-purpose institution located 
in Lismore, on the far north coast of New 
South Wales. 


The college is temporarily housed in the form 
of Lismore High School Building, adjacent to 
the business section, whilst new buildings are 
to be erected on a site of over 100 acres at 
Lismore Heights on the outskirts of the city. 
The College has three schools; Teacher Edu- 
cation, Business Education, and recently the 
Department of Cultural and Scientific Studies 
has been upgraded to a School. 


Applications are now invited for the following 
positions:- 


SCHOOL OF CULTURAL AND 
SCIENTIFIC STUDIES 
PRINCIPAL LECTURER 


The successful applicant will be expected to en- 
courage the development of programmes within 
the School, continue negotiation on the possibili- 
ties of transfer courses in Engineering and 
possibly Science, with a large metropolitan ter- 
tiary institution and maintain service courses for 
the School of Teacher Education and the School 
of Business Education. 

The applicant, as well as having the academic 
background of leadership in tertiary work, should 
also have the appropriate qualifications in the 
Physical Sciences or allied fields. It is expected, 
although not essential, that a Doctoral Degree 
would be the minimum academic qualification. 
SALARY: $A15,744 range $A16,389 


SCHOOL. OF TEACHER EDUCATION 
PRINCIPAL LECTURER 
EARLY CHILDHOOD EDUCATION 


This position requires a person with appropriate 
academic qualifications and training and expe- 
rience in Early Childhood Education, with an 
understanding of developmental needs of children 
in child care centres as well as in pre-school cen- 
tres. It is expected that applicants training and 
experience should cover the childhood area from 
2 to 8. 

The successful applicant would be working mainly 
within the School of Teacher Education, contri- 
buting where appropriate to present courses and 
would be involved in planning and innovating the 
educational area related to children of early age. 
It may also be expected that such a lecturer would 
initiate the planning of a proposed new school 
related to this age group to be established in due 
course. ° . 


SALARY: $A15,744 range $A16,389 


SCIENTIFIC STUDIES 
SENIOR LECTURER 


A vacancy will exist at the beginning of 1975 for 
a Senior Lecturer with academic qualifications 
in Government, Public Administration, Manage- 
ment and Urban Affairs. This Senior Lecturer 
will be required to assist the Head of the School 
in co-ordinating the work and development of 
the School and to co-operate with other schools 
by providing courses for their students. 


Assistance in the development of the academic 
reputation of the College will also be required. 


SALARY: $A12,643 range $A14,724 


SCHOOL OF BUSINESS EDUCATION 
SENIOR LECTURER 
DATA PROCESSING 


The successful applicant would need minimum 
qualifications, Degree or Diploma in a relevant 
area with experience in programming several 
languages. Lecturing experience is desirable and 
marketing as a major area would be an advantage, 
It is anticipated that the initial semester unit for 
1975 will provide for over 60 students and the 
applicants will be required to develop courses in 
programming and system analysis. 

A Wang Mini Computer configuration will be 
used initially, with a Main Frame P.D.P. 11 {45 
planned within the new building programming in 
the tri-ennium. 


SALARY: $A9,002 range $412,352. 


The successful applicants will be appointed as 
employees of the College. Conditions of employ- 
ment are similar to those enjoyed in Universities 
and Colleges of Advanced Education, and include 
four weeks’ recreation leave annually and sick 
leave, with a staff Housing Scheme available. 


Provision exists for the granting of study leave 
after suitable periods. of service, and access 18 
available to the N.S.W. State Superannuation 
Scheme, subject to certain conditions. 

Assistance is available to persons residing outside 
Lismore N.S.W. towards removal expenses. 
Applications stating age, qualifications, experi- 
ence, marital status, and the names and addresses 
of three referees, together with a recent photo- 
graph, should be lodged with the undersigned by 
Thursday, September 14, 1974. 


Postal applications should be sent to P.O. Box 
157, Lismore, N.S.W. 2480. 
I. D. K. WREN 


SECRETARY. À (768) 

















CENTRAL PUBLIC HEALTH 
LABORATORY 


Honours Science Graduate required by the Stan- 
dards Laboratory for Serological reagents for work 
with viral diagnostic reagents. 

| Applications with full details of age, experience 
and qualifications to the Personne! Officer, Central 


Public Health Laboratory, Colindale Avenue, 
London, NW9 SHT. {7493 





SEALE -HAYNE COLLEGE 
LECTURER IN ANIMAL 
PRODUCTION 
Applications are invited for the above appoint- 
ment. The salary will be based on the Lecturer 
Grade I or H Seales. Further details may be ob- 
tained from and applications should be sent to 


The Principal, Searle-Hayne College, Newton 
Abbot, Devon, (750) 


a ene T 
UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 


Applications arel nvited for a Postdoctoral re- 
sgarch appointment in theoretical physics, avall- 
able from October 1, 1974. The successful appii- 
cant will work on the theory of the electronic 
sfructure of liquid metals under the supervision of 
Professor J, Beeby. Previous experience jn 
many-body theory or solid state theory is desir- 
abie. The salary will be in the range £218 to 
£2,580. For application forms or further details 
Please write l 
Physics, 
TRH. 


to: Professor J. L. Beeby, Dept. of 
Leicester LEI 
(752) 


University of Leicester, 










SENIOR 
BIOCHEMIST 


A leading British pharmaceutical 
research organisation has a vacancy 
for a SENIOR BIOCHEMIST with a 
few years postdoctoral experience to 
Mitiate and direct research projects in 
the areas of pharmacokinetics, drug 
metabolism, molecular pharmacology 
and enzymology in association with 
the design and development of new 
medicines. Persons with appropriate 
experience are invited to apply in 
writing for an Application Form from 
The Secretary, Biorex Laboratories 
Limited, Biorex House, Canonbury 
Villas, London Ni 2HB. (759) 

















RESEARCH ASSISTANT required to work on 
radioimmunoassay in the Department of Obstetrics 
and Gynaecology. The post is funded by the In- 
ternational Planned = Parenthood Federation and 
the successful applicant would continue the work 
for the Federation which is carried out in the 
departmental laboratories, The balance of the 
work planned would enable a suitably qualified 
Person (dst or 2nd class honours degree) to register 
for a Ph.D. in the University of London. Salary 
£1,797 to £2,259 plus London Weighting. Apply 
Mm writing with curriculum vitae to the Secretary, 


University College Hospital Medical School, Uni 
versity Street, London, W.C.. (753) 


nt nt 
UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF PHYSIOLOGY 


. Applications are invited for two posts of lecturer 
DE Physiology, The Deparmem of Physiology is 
engaged in teaching medical, dental and science 
dents and has a rapidly expanding research pro- 
mame especially in the areas of membrane trans- 
% and electrophysiology. Applicants should have 
active research interest either in one of these 
areas OF In same other aspect of basic physiology 
including such interdisciplinary fields as genetic, 
development, ox behavioural physiology. A medical 
qualification although desirable is not essential 
Salary Seale £2,118 to £4,896 per annum plus 





£213 London allowance pa, The sta ruing salary 
will be at an appropriate point on the scale 
F.S.S.U. benefits will be payable, 


Application forms and conditions of aproint- 


ment are available from the Registrar, University 
of London, King's College, Strand. London 


WCR 2LS and should be returned to him by 
September 21, 1974, Quoting reference N16/8. 
(785) 











in this field. 


(F.I.M.L.T.). 
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AY 


in technical 


POSTDOCTORAL RESEARCH 
ASSISTANT IN ORGANIC 
CHEMISTRY 
Applications are invited from research workers 
With experience in organic chemistry for a post- 
doctoral research assistantship. The appointment 
is for three years, salary on M.R.C. scale (£2058 
by £165 to £2,388). The work is in collaboration 


with Dr. A. J. Kirby and Dr. D. M. Blow and 
will involve the synthesis of phosphonate ana- 


lagues of oGheopeptides for cvaluation as enzyme 
inhibitors. Applications, with curriculum vitae and 
the names of two referees, to Dr, S. G. Warren, 
University Chemical Laboratory, Lensfieid Road, 
Cambridge, CB2 LEW. (767) 


UNIVERSITY OF IBADAN 
NIGERIA 
Applications ure invited for the folowing pasts 
m the Faculty of Medicine: 


LECTURER IN NUTRITIONAL 
BIOCHEMISTRY 


in the Department of Biochemistry, Applicants 
should hold a Ph.D. in the veneral fleld of Human 
Nutrition, 

Salary scales: Lecturer (Preeclinical) N2.760 to 
N4,830 pa. (£1 sterling==NI.463, The British Ex- 
patriates Supplementation Scheme is unlikely to be 
applied to chi appointment. Family passages: 
Various allowances: superannuation scheme: biennial 
overseas leave. Detailed applications {2 copies). 
including a curriculum viac and naming 3 referees, 
should be sent by airmail, not later Shan Semtember 
12, 1974 to the Registrar. University of Ibadan, 
Ibadan, Nigeria. Applicants resident in UK. should 
aliso send 1 copy to Inter-University Council, 
90/91 Tottenham Court Roas. London WIP ODT. 


Further particulars may be obtained from either 
address. (772) 





STATE OF KUWAIT 


Kuwait University Administration Department 


NOTICE 


Applications are invited for the following posts for the academic year 


6. Supervisor in audio-visual methods for the English Language Center. 

l Applicants must be qualified with a diploma or M.A. degree in 
T.E.F.L. as well as majoring in educational methods with enough | 
experience. 


Salaries commence at a minimum of K.D. 200/- per month (tax free), 
according to qualifications and experience. KD. = $2.90. 

Applications should be addressed to Kuwait University, Kuwait, with 
photostatic copies of the academic qualifications and experience, including 
all details pertaining to the post applied for, present employment and salary, 
aside from full address of each applicant. 

Deadline for all applications is September 5, 1974. 
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1974/1975 ;- 
1. Laboratory Technician at the Geology Museum of the Faculty of 
Science with a B.Sc. degree and not less than three years experience | 


2. Chief Laboratory Technician (male. married) required to take charge 
of teaching and research laboratories of an expanding Department of 
Zoology. The successful candidate will be highly experienced and pre- 
ferably a Fellow of the Institute of Medical Laboratory Technicians 


3. Chief Animal Technician (male, married) required to take charge of 
small Animal Unit in the Department of Zoology. The candidate 
should be highly experienced and preferably a Fellow or Associate of 
the Institute of Animal Technicians (F.LA.T. or ALAT) | 

4. Senior Technician or Technician required to join a newly established 
Immunology Unit in the Department of Zoology. Experience in general 
immunological and/or tissue culture techniques preferred. 


Laboratory Technician in educational methods for the Department of 
Education with a degree from a recognized college or institute majoring ; 
education (painting and 
methods, Applicants must have a good command of English. 


handicraft) and educational 


(765) 


UNIVERSITY OF READING 
Department of 
preparation and 


Assistant required in 
Microbiology to work on the 
Properties of a ribosomal vaccine derived from 
Bordetella Pertussis. The project will involve a 
study of both humoral and cellular responses to 
the vaccine. Salary from £1.616 or the equivalent 
of a Research Counci Studentship if the candidate 


Research 


is accepted for a higher degree. The project is 
supported by Medical Research Council funds. 


Applicants, wha should be graduates with a ist 
or 2nd Class Honours degree in Microbiology or a 


related subject, should apply ro Dr A. L Tiffin, 
Department of Microbiohoyy. University of Read- 


ing. London Road. Reading RGI 
brief curriculum vilue and the 
referees. (Ref. MMi. 


ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS. ALS 2JQ 
PLANT PATHOLOGIST 
required to measure the prevalence, dispersal and 
effects of splash dispersed pathogens. particularly 
those attacking cereals in reduced cultivation 
SVSLCITIS. 


SAQ. giving a 
names of twa 
(777) 





Appointment in grade of Higher Scientific Officer 
£2,461 to £3,378 or Senior Scientific Officer £3,187 
to £4.44) (minimum qualifications: ist or upper 
znd class honours degree and not less than 2 vary 
®popropriate post-graduate experience, or 4 years 
for S.8.0.5. There is a non-contributory super- 
anmmuution scheme. 

Applications, with names of two referees and 
quoting Ref. Ne. 234 to the Secretary by September 
9, t974, (77 
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Guy's Hospital 


Department of Clinical Physics 
and Bioengineering 


Electronic Engineer or 
Physicist—Senior Grade 


Applications are invited from engineering and physics graduates with 
not less than four years postgraduate experience in applied electro- 


nies research. The successful 


applicant will be expected to become 


involved in the development of new measurement techniques in a 


variety of clinical 


situations. A knowledge of digital 


circuit and/or 


computer methods would be an advantage. Excellent facilities in new 
department. Salary Scale £2,964 to £3,843 plus London Weighting plus 


Threshold Allowance. 


Electronics Technician/ 
Engineer Medical Physics 


Grade Ill 


Applications are 


invited for the post of Electronics Technician/ 


Engineer to join a small team engaged upon the maintenance, repair, 
and calibration of a wide range of electromedical equipment. 


Candidates should have an O.N.C., H.N.C. or equivalent in electronics 
with at least three years experience in maintenance and servicing of 


electronic instruments. Salary Scale £1,719 to £2,211 


plus London 


Weighting plus Threshold Allowance. 
Application Forms available from the Personnel Officer, Guy's Hospi- 


tal, St. Thomas Street, 
Ext. 68. 


UNIVERSITY OF READING 
TECHNICIAN (Grade 5) 

required for Media and Glassware Preparation Unit 
in the Plant Science Laboratories. Experience in 
the preparation of complex media and administra- 
tive competence required. Applicants should have 
HUN.C./Degree in Microbiology or related subjects, 
Salary scale £2,007/£2,382 p.a. Apply ìn writing 
quoting Ref: T.N.69 to Assistant Bursar (Personnel), 
University of Reading. Whiteknights, Reading 
RG6 2AH. (776) 


DOON OEE E aoaaa 


CONSERVATION OFFICER 
SUSSEX TRUST FOR NATURE 
CONSERVATION 


has vacancy at a starting salary of £1,800 to £2,200 
pa. Car ownership essential. Applications by 
September 7 to, and for further information from: 
The Hon. Secretary 
Woods Mill 


Henfield, Sussex, (783) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


TEMPORARY LECTURESHIP 
IN PSYCHOLOGY 


Applications are invited for the above post, 
tenable from a date as soon as possible until 
July 31, 1977, in the Department of Psychology. 
The department is especially interested in persons 
whose interests are in the field of Personality: but 
suitable candidates with other interests should not 
be dissuaded from applying. 

It is expected that an appointment will be made 


in the lower part of the scale £2,118 to £4,896 
according to age, qualifications and experience. 
Membership of F.S.S.U. required. r 
merrees oat te 





London SE1 9RT. Telephone 01-407 3662 


(770) 


WELSH NATIONAL SCHOOL OF 
MEDICINE 
(University of Wales) 
DEPARTMENT OF MEDICAL 
MICROBIOLOGY 


RESEARCH ASSISTANT 


required in the above Department for an investiga- 
tion into the biochemistry of meconium jin con- 
nection with Cystic Fibrosis. Candidates should have 
a Degree in Biochemistry or an allied science. The 
appointment will commence in October, 1974 and 
will be for three years: salary on the scale for 
Junior Scientific Officers (£1.497 to £2,259). Appli- 


cations, with a brief curriculum vitac and the 
names and addresses of two referees to the 
Registrar, Welsh National School of Medicine, 


Heath Park, Cardiff CF4 4XN from whom further 
patticulars are available. (788) 





UNIVERSITY OF GLASGOW 
DENTAL HOSPITAL AND SCHOOL 
RESEARCH ASSISTANTSHIP IN 
DENTAL BIOCHEMISTRY 


Applications are invited for a RESEARCH 
ASSISTANTSHIP in DENTAL BIOCHEMISTRY. 
tenable for a period of up to four years from 
October 1974. 

Candidates should have an Honours Degree in 
Biochemistry, Microbiology or an allied subject. 
There will be an opportunity to apply to register 
for a higher degree, 

The work will be 
synthesis of glucans by 
enzymcs, 

Salary scale £1,500 by £75 to £1,725. F.S.S.U. 

Applicationse including curriculum vitae and 
names of twa referees, should be sent to Dr J. A. 
Beeley, University of Glasgow Dental School, 378 
Sauchichall Street. Glasgow G2 NZ, “from whom 
further information gay be obtained, 


In reply please quote Ref. No. 3527M. 


mamiy 


extra@ellular bacterial 


(792) 


concerned with the 








UNIVERSITY OF ZAMBIA 


invited for the post of (a) 
PROFESSOR or (b) SENIOR LECTURER IN 
CROP PROTECTION in the School of Agricul- 
tural Sciences. Candidates should possess a higher 
degree, extensive teaching experience to under- 
graduate and postgraduate students, extensive res 
search preferably related to problems of tropical 
agriculture and experience in academic administra- 
tion and extra-curricular activities. Appointec wil} 
be expected to teach the basic course in Crop 
Protection which consists of lectures. and practicals 
in Entomology. Plant Pathology and Nematology. 
For this reason, a broad background of training 
and experience is necessary. Research: interests can 
be in any Crop Protection discipline, but applicants o iiss 
should be able ta carry out field orientated “ine © 0.000. 
vestigations leading to the protection ands ced: 
production of Zambian agricultural cro 
Salary scales: Professor K7.400 to K 
Senior Lecturer K5,600 to K6,600 p.a. {ti 
=K1.53). The British Government may Sty 
salary in range £954 to £1,152 p.a. {sterii pees: 
married appointees or £78 to £204 pa. (sterling) c) 
for single appointees (normally free of all tak angeo 
provide children’s education allowances and holida 
visit passages. Family passages; various allow 
superannuation and medical aid schemes, regular 
overseas leave. Detailed applications (2 copies). 
including a curriculum vitae and naming 3 ‘referees, 
should be forwarded by air mail, not later than 
September 5. 1974 to the Registrar, University af 
Zambia. P.O. Box 2379, Lusaka, Zambia, Appl- 
cants resident in U.K. should alsa send 1 copy.t 
Inter-University Council, 90/91 Tottenham Cc 
Road, London WIP ODT. Further particulars 1 
these appointments may be obtained from -either.: 
address. (TOL) O. 


ee a ea a a cae ee 


UNIVERSITY COLLEGE CARDIFF 
DEPARTMENT OF MICROBIOLOGY 


TUTORIAL ASSISTANTSHIP 


invited for a SRC. Past- 
Assistantship for work on the 
synthesis of inducible, membrane-bound, respira- . 
tory enzymes in bacteria, Preference will be given. 
to candidates with biochemical qualifications. The 
appointment wH] be for two years only in the- 
salary range £1,500 to £1,581 per annum. es 
Applications, giving a brief curriculum viac and - 
the names and addresses of two referees, should be- 
forwarded to The Registrar. University College. 
P.O. Box 78, Cardiff CFI PXL, Please quote fet, 
0627. Closing date September 13. (790) 


enea 


UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN 
PHYSIOLOGY 


Applications are invited for above post in inver- 
tebrate Physiology to work on cither invertebrate 
behaviour under high pressure or the cytology ot. 


Applications are 














































Applications are 
graduate Tutorial 


invertebrate neurones under high pressure. The: 
post offers wide opportunities for research to a. 


suitable graduate; no experience of high pressure 
methods is required. onia 
Salary in range £1,494 per annum by 87 ini 
EL66R. Appointment is supported by the SRE ' 
for three years. a 
Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by August 30, P94; oe. 
ORSI 


aaeeea 


GLASSHOUSE CROPS 
RESEARCH INSTITUTE 
requires 
SCIENTIFIC OFFICER /HIGHER 
SCIENTIFIC OFFICER 
in 
MICROBIOLOGY DEPARTMENT 
for work on nutrition and growth of mushrooms. 
Applicants should have degree or equivalent quali- 
featian in microbiology, botany or biochemistry, 
Practica] experience in Microbiology or biochemistry 
un advantage. 













Salary within scale £1,592 to £2.675 (5.0) or 
£2,461 to £3,371 CA.S.0.) according to qualifications 
and experience, Contributory superannuation: 
scheme with additional allowance of 54% of gross 
salary to offset contributions. ee 

Further particulars from Secretary of the- In 
tute, Worthing Road, Rustington, Littichampton, 
Sussex, to whom applications giving full biogra-- 
phical details and names and addresses of iwi 
referees should be sent by September 12. Please 
quote N&4, (784) 













ERSITY OF LEEDS 
ASTBURY DEPARTMENT 
OF BIOPHYSICS 


Applications are invited from suitable quali- 
ficd physical chemists or physicists for a 
Postdoctoral Research Assistantship to jn- 
vestigate the Light Scattering Rayleigh Line- 
width of Gelling Systems. The appointment 
will be for one year in the first instance at a 
salary of £2,118 to £2,247 with F.S.S.U. de- 
pending upon age and experience. Candidates 
should have an interest in the gencral field 
of polymers. Applications giving a brief 
Curriculum vitae, ete., and naming two 
referees, should be sent as soon as possible 
to Dr D. B. Sellen, Astbury Department of 
Biophysics, The University, Leeds LS2 JT. 

(775) 
ENA anaana 
COUNCIL OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Advertisement No. 10/74 


it is proposed to appoint Chief Editor in the 

- < Publications and Information Directorate, New 

Delhi, 

C Sob requirements fr is a op management past 
cin the editorial field of Science & Technology. The 
n du ti es. inv 






ind proven Hterary excellence and experience 
of editorial work pf high standard. Candidate 
Should give evidence of competence jn manage- 
ment of publications and their production, 
Salary/Conditions of Service: The salary seale 
attached to the post is Rs. 1.600 by 100 to 1.900 
_ -Otkely to be revised). Initial pay will be fixed 
according to merits, The person selected will be 
- appointed on contract for a period of six years, 
Which would be confirmed after an initia! period 
Of two years of satisfactory service. Other condi- 








-tions of contract will be supplied on request, 
Age limit: Below 50 years relaxable in special cases. 
Scientists/ Technologists interested may obtain a 
štandard proforma for sending their curriculum 
Vitae from the Chief (Administration), Counci of 
Scientific & Industrial Research. Rafi Marg, New 
Delhi-f. They can also obtain a brochure on the 
aims and objects and latest annua! report of the 
Directorate, Completed curriculum Vilage proforma 
must be received in this office on or before 21.8. 
1974, 
“Canvassing in any form and/or bringing in 
any influence, political or otherwise, will be 
treated as a disqualification for the post.” 


(786) 





THE INSTITUTE 
OF ORTHOPAEDICS 
(University of London) 


Royal National Orthopaedic Hospital 
234 Great Portland Street, 
London WIN 6AD 


Applications from graduates in either 
medicine or science are invited for the 
whole time post of 


RESEARCH ASSISTANT 
in the 
Department of Morbid Anatomy 


The appointment is for one year in the 
first instance, and is renewable annually. 
Salary on the appropriate scale for lecturer 
(£3,135 to £4,041 Clinical: £2,118 to £3,462 
Non-Medical) according to qualifications and 
experience. Superannuation under F.S.S.U_ 


The post will provide opportunity for 
research in the general field of bone struc- 
ture and bone pathology, under the super- 
vision of Prof. H. A. Sissons. For a 
medically-qualified pathologist it will also 
provide training and experience in ortho- 
pacdic pathology. Further information can 
be obtained from Prof. H. A. Sissons. 





Applications, together with the nameseof 
two referees, should reach the Secretary, at 
the above address, by September 30 1974, 

(798) 


















follows: 








Science. 










Salary scales: 



























UNIVERSITY OF LEEDS 
DEPARTMENT OF 
ANIMAL PHYSIOLOGY 
AND NUTRITION 


Applications are invited for a post of 
RESEARCH ASSISTANT to undertake work 
an the mode of action in sheep of the growth 
stimulating effect of long daylength. The 
work will involve  radigimmunoassay of 
hormones jn plasma samples taken from 
sheep kept im different daylengths and fol- 
lowing various surgical and hormone treat- 
ments, 

Salary equivalent to a Research Council 
postgraduate award. 

Application forms and = further particulars 
from the Registrar. The University, Leeds 
LS2 SIT (please quote 41/14/D). Closing date 
August 27, 1974. (774) 





THE UNIVERSITY 
OF LANCASTER 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH ASSISTANT 


Applications are invited from graduaies 
with interests in natural product chemistry, 
Protein chemistry and/or biophysics to in- 
vestigate the structure of certain seleroproteins 
of molluscan origin. The appointment is sup- 
ported by the Science Resgarch Council for 
a period of two years, commencing October 
1, 1974, on gthe salary scale £1,404 to £1,509 
pus FSS U. 


Further particulars may be obtained {quot- 
ing reference L.840/C) from the Establish- 
ment Officer, University House, Bailrigg, 
Lancaster LAI] 4YW to whom applications 
(three @opies), naming three referees, should 
be sent not later than Ageust 3t, 1974, 

(7783 


Soil Scientist 


Applications are invited for a permanent post in the Agricultural and 
Food Chemistry Research Division of the Department of Agriculture. The 
successful candidate may be required to undertake teaching duties in 
the Faculty of Agriculture, The Queen's University, Belfast. 


The successful candidate will join a team engaged in research and 
specialist advisory work in chemical, physio-chemical and physical 
properties of soils and soil/crop relationships. 


The appointment may be at Senior Scientific Officer, Higher Scientific 


Officer or Scientific Officer level, and the qualifications required are as 


preferably in physio-chemical 


Entry point to the relevant salar 
and experience, and a cost of living supplement is payable. 


Please write or telephone for an a 
216/74/N to the Secretary, Civil Servi 
Adelaide Street, Belfast BT2 8ND 

Completed forms must be returned not 
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SSO Over 25 and under 32 years of age with a first or second class 
Honours Degree in Chemistry, Biochemistry, Agricultura! Chemis- 
try or Soil Science and at least 4 years postgraduate experience 

Or pedological aspects of Soil 


HSO Under 30 years of age with an Honours Degree as above and at 
least 2 years relevant postgraduate experience. 


SO Under 27 years of age with an Honours Degree as above. 


SSO £3,157 to £4,441 
HSO £2,461 to £3,371 
SO £1,592 to £2,675 


y scale will be related to qualifications 


pplication form, quoting Ref. SB 
ce Commission, Clarendon House, 
{telephone 0232-44300, ext. 26). 
later than September 10, 1974. 


(781) 


| NORTHERN IRELAND 
CIVIL SERVICE 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL 
SCIENCES 
Postdoctoral 


Research Assistants 


required for project oni- 


(a) The biochemical basis of plasma 
membrane modifications associated 
with cell transformation. Ex- 
perience with membrane enzymes, 
enzyme isolation and purification 
of glycolipid biochemistry would 
be an advantage. The project is 
supported by the Cancer Research 
Campaign, it is for one year in 
the first instance and is renewable. 
Salary will be on University 
Lecturer scale up to £3,400 a year 
according to experience and quali- 
fications. 


(b) The changes in the biochemistry 
of the cell nucleus induced by 
chemical carcinogens. Experience 
with enzymes or with chromatin 
would be an advantage. The pro- 
ject is supported by the Cancer 
Research Campaign, it is for one 
year in the first instance and is 
renewable. Salary will be on Uni- 
versity Lecturer scale up to £3,000 
a year, according to experience 
and qualifications. 


Applications for both posts with the 
names of three referees to Dr S. Shall, 
School of Biological Sciences, Uni- 
versity of Sussex, Brighton BNI 90G. 
(805) 
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AUSTRALIA 


PUBLIC SERVICE OF VICTORIA MINISTRY FOR CONSERVATION 


DIRECTOR OF ENVIRONMENTAL STUDIES 


REF. NO. (Z/02) 


Yearly Salary: $419,302. 


Duties: To direct the activities of the Environmental 
Studies Group of the Ministry. To represent the Ministry 
-at policy level in the formation of integrated environ- 
mental studies and in the planning and conduct of those 
studies, 

To plan and implement the actions necessary tọ co- 
ordinate the activities of Government departments, 
Universities and other groups participating in such 
studies. 

To prepare appropriate reports and advice 

To participate in the application of research findings to 
multi-resource planning for environmental management. 


Qualifications: A higher degree in the physical or 
biologica! sciences or in engineering, or equivalent 






Thinking ahead 
in 
Pharmaceuticals 4 






easy reach of London. 


in Applied Biology. 


Please apply in writing to: 


Ms. E, W. Smith, 

Assistant Personnel Officer, 
Allen & Hanburys Research Ltd., 
Ware, Herts. SG120DJ. 


= Allen & Hanburys ; 
MAKERS OF FINE PHARMACEUTICALS 








Laboratory Technicians 


There are two vacancies in the Biology Division of Allen & Hanburys Research 
Ltd., situated in pleasant rural surroundings in Ware, Hertfordshire, within 


BIOCHEMISTRY DEPARTMENT 


An experienced Laboratory Technician (with H.N.C. in Applied Biology or 
equivalent) is required to join a team of biologists working on new approaches 
to the treatment of rheumatoid arthritis. The work will involve the handling of 
small animals and the use of biochemical laboratory techniques. Experience of 
gel-filtration chromatography would be a particular advantage. 


PHARMACOLOGY DEPARTMENT 


This vacancy is for a Technician to work with a senior graduate in developing 
electro-physiological techniques for evaluating drug effects on the central 

nervous system. Previous experience is not essential but we do require a sion and aistavtalic spread. Experian - 
minimum educational standard of two ‘A’ levels (one in Biology) or an H.N.C. in immunochemical and biochemical — 


Both positions offer competitive commencing salaries and good working 
conditions which include staff canteen and sports and social club. Members of 
staff participate in Pension and Life Assurance schemes and a bonus scheme 
based on the profitability of the Glaxo Group of Companies of which we area 
member. Assistance with relocation expenses will be given, where appropriate. 





















qualifications, and evidence of experience in mor 
one discipline; proven ability to initiate an 
an integrated set of inter-disciphnary inv f 
required to understand the resources of a regior 
the constraints to be exercised in their use 
management. 


The applicant must have had experience or a a doe E 
relationship with Government, University and Industry. | 


Applications quoting reference number (2/02), should be. §f 
addressed to the Secretary, Public Service Board of =S 

Victoria State Public Offices, No, | Treasury Place, 
Melbourne, 3002, Australia, by not later than 9.30 am, 57 
on Wednesday, September 25, 1974, together with state- < 
ments of experience and qualifications and date and. 
place of birth. (800) 


CHARING CROSS HOSPIT 
MEDICAL SCHOOL | 


(University of London) 


Applications are invited from medical or. 
suitably qualified graduates’ for the: pos! 
LECTURER in the DEPARTMES 
PHYSIOLOGY, 1974-75 session, Apply wi 
details of qualification and experience to 
Secretary, Charing Cross Hospital Medica Se 
Brandenburgh House, 116 Fuk Pala 
London W6 SHH, quoting i 
Closing date August 31, JST. 































-The Marie Curie 
Memorial Fount 
THE CHART, OXTED RHB 0 


1. RESEARCH ASSISTANT FO 
METABOLIC UNIT with a de 
Nutrition or Biochemistry and an 
in clinical research in cancer, Ex ; 
of drug metabolism would = 
advantage, 


RESEARCH ASSISTANT FOR. 
BIOLOGICAL CHEMISTRY UNI 
Grad. RLC., or BSc. (Hons pe 
chemistry, with an interest in. _orgat 
chemistry. Current projects involve. 
design, synthesis and evaluation o 
anti-tumour agents and metabolism 
anti-cancer drugs. « 


3. RESEARCH ASSISTANT FOR. THE | 
IMMUNOCHEMISTRY UNIT with. “ag: 
degree in biochemistry to investigate: hese 
role of acid hydrolases in tumour. inves: 


Ba 


analytical techniques would be cano | 
advantage. Ras l 





Salaries are based on the Whitley: Counc. heres 
Scale with superannuation, Successful apple po” 
cants may register for a higher degree a ter po 
an initial probationary period. Applications for 
including the names of two referees aba opoo 
indicating the post sought should be seni o po 
to the Secretary at the above: ago 




















GREENWICH AND BEXLEY erg 
ots HEALTH AUTHORITY 


BROOK GENERAL HOSPITAL 
SHOOTERS HILL ROAD, E 
LONDON SEI8 4LW ` : 

mee SENIOR TECHNICIANS 
for modern fully automated departme 
Haematology/bleod group serology, — 
. TECHNICIANS/ JUNIOR 


Medical Laboratory Technicians with 
histology or neuropathology. . 

Applications in the first instance fi 
Chief Technician. Tel. 01-856 5455: 


® (793) 













IMPERIAL COLLEGE 
UNIVERSITY OF LONDON 
LECTURESHIP 
IN PETROLEUM GEOLOGY 


Applications are invited for a Lectureship in 
the Department of Geology under the direction of 
Professor W. D, Gill, for the coming session. 
Reguirements are a good degree and experience 
in the Petroleum Industry. 

Salary depending on qualifications and ex- 
perience in the scale £2,118 to £4,896 plus £213 
London allowance. Superannuation under ESSU 
scheme. 

Applications with curriculum vitae and names 
of referees to Professor W. D. Gill, Department 





of Geology, Imperial College of Science and 
Technology, London SW7 2BP. Closing date 
August 31, 1974, 


(797) 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a Postdoctoral Fel- 
lowship for a project financed by the Nuffield 
Foundation for work with Dr M. J. Morgan on 
“The Regulation of Carbohydrate Metabolism in 
Animal Cel Culture.” Experience in biochemical 
genetics and cell culture techniques would be an 
advantage. 

The appointment would be for one year in the 
first instance, renewable for up to three years. 
Starting salary £2,118 pa. with F.S.S.U. member- 
ship. 

Applications, including curriculum vitae and the 
names of two referees should be sent to Dr M. J. 
Morgan, Department of Biochemistry. Schoo! of 
Biological Sciences, University of Leicester, 
Leicester LE! 7RH.”’ (723) 








THE QUEEN'S UNIVERSITY 
OF BELFAST 


RESEARCH STUDENTSHIP 
IN ORGANIC 
CRYSTALLOGRAPHY 


Applications are 
studentship 


_ invited for a research 
involving the application of 


X-ray crystallographic and computing. tech- 


niques to the study of organic andj. 
organometallic compounds. The successful 
applicant should have an honours degree or 
G.R.LC. and will be expected to proceed to 
a Ph.D. degree. Applications, with the 
name of one referee, should be sent as soon 
as possible to Dr J. F. Malone. Chemistry 
Department, Queen's University, Belfast, 
BTS 5AG. (726) 





ROYAL HOLLOWAY COLLEGE 
(University of London) 


EGHAM HILL, EGHAM, SURREY 
RESEARCH STUDENTSHIPS 
Appheations are invited from suitably qualified 
graduates in Chemistry, Physics or Biochemistry 
for Research Studentships in Biophysica! Chemistry 
and Surface Energetics. Successful applicants will 
be expected to register for a higher degree. Appli- 
cations with a curriculum vitae and the names and 
addresses of two referees should be sent to Dr. P, 
J. Gardener, Department of Chemistry. (N) (729) 


E E E AEE AN 
OPTICAL FIBRE COMMUNICATIONS 


Communication by optical fibres is a rapidiy 
expanding new technology which is being widely 
taken up by industry. The Laser research group at 
Southampton, comprising some 15 research work- 
ers, has been engaged in this field for some years 
with support from Science Research Council, in- 
dustry and elsewhere, We have already announced 
world records for low transmission loss and high 
bandwidth in our fibres and wish to expand the 
present research team. Applications are therefore 
invited for a number of research fellowships. in- 
eluding a Pirelli Fellowship for work in collabora- 
tion with industry, at salaries linked to the scale 
for Lecturers in the range £2,118 to £3,462 plus 
threshoid payments. Persons with an interest in 
any aspect of the subject are eligible. Applications 
giving details of education, experience anfi the 


names of two referees should be sent to the 
Deputy  Seeretary’s Section, The University, 
Southampton SO9 5NH. Please quote reference 
No, 231/R. (734) 
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European Molecular Biology Organization 
(EMBO) 


Short- and long-term fellowships 
in molecular biology 


The European Molecular Biology 


Organisation 


intends to award to scientists 


working in laboratories within the European area both short-term (from a few days 
to several weeks) and longer-term fellowships for collaborative research Or advanced 


training in molecular biology. 


The Short-term Fellowships are to 
purpose of carrying out 


support 
experiments with special 


to other laboratories for the 
techniques or of other forms of 


visits 


scientific collaboration or advanced training, and especially to support developments 


arising at short notice, 


The Long-term Fellowships will usually be for a period of one year, but applications 
for renewal will be considered. They will be awarded upon individual application, 


at the “junior” level 
prolonged periods in other 
the field of molecular biology. At the 
enable established research workers to 


problems. Upon application 


to promising young research 
laboratories working under 
tsenior” 
gain 
by European 


workers who may 
the guidance of leaders in 
they may be awarded to 
in new approaches and new 
fellowships at the “senior” 


then spend 


level, 
experience 
Institutions 


level may also be awarded to specialists who can assist in the initiation and development 
of research programmes in the sponsoring Institution. Such “sponsored” awards may 
be made to established workers at all stages of their career beyond the postdoctoral stage. 


Application forms and further 
Executive Secretary, European 
Postfach 1022.40, Germany. 


UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF CHEMISTRY 
S.R.C./C.AS.E, STUDENTSHIP 


Applications are invited for a three-year student- 
ship to work on the preparation and some reac- 
tons of nove: Morganic fluorinating agents. The 
student will receive training in vacuum line tech- 
niques, chromatography and spectroscopy. 

Supervisors--Dr. M. F. A. Dove (Nottingham) 
and Dr. G. Fuller (A.S.C. Chemieals Lid.) Can- 
didates must have the equivalent of a ist or upper 
2nd class Honours chemistry degree. 

Applicants should send their curriculum vitae 
and the names of two referees to Dr. M. F. A. 
Dove, Department of Chemistry, University of 
Nottingham, University Park, Nottingham NG7 
2RD. (737) 





UNIVERSITY COLLEGE DUBLIN 
DEPARTMENT OF ZOOLOGY 


Post Doctoral Research Fellowship in Paleolim- 
nology under the sponsorship of the Nationa! 
Science Council. 

Applications are invited for a Post-doctoral 
Research Fellowship to investigate the Post Glacial 
develupment of Loughs Ennell and Owel, Co. 
Westmeath. The position is tenable for one year 
with a possible extension ta a second yeur. 

Applicants must hold a doctorate or be about 
to submit. A knowledge of the taxonomy af the 
Chironomidae and Cladocera and techniques of 
coring and sediment chemistry are essential. 

Salary to a suitably qualified candidate will be 
£2,100. The work will be based in Dublin and an 
aHowance for field expenses will be paid. 

Applications should be forwarded to the under- 
signed giving details of qualifications not Jater 
than Friday, August 30, 1974, 

The Secretary, 
Zoology Department, 
University College, 
Belfield, 


Dublin 4. (746) 


UNIVERSITY COLLEGE DUBLIN 


RESEARCH FELLOWSHIP IN 
POPULATION ECOLOGY 


A posidoctagal fellow is required for a project 
sponsored by the National Science Council on the 
ecology and control of insect pests in peatland. 
Applicants must have an honours degree in Zou- 
logy. postgraduate research eXpepience in insect 
popwaton ecology and should preferably have 
some experience of peatland ecosystems. Applica- 
tions, with curriculum vitae, to Dr M. F. Ryan., 
Department of Zoology, University College. Bel- 
field, Dublin 4, before At@rust 23, 1974, 

(747) 


details 
Molecular Biology Organisation, 6900 Heidelberg I, 





may be obtained from Dr J. Tooze, 


($21) 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 
CAMBRIDGE UNIVERSITY 

POST-DOCTORAL RESEARCH FELLOW 


required from October I, 1974 to study the 
excretion of nicotine and its metabolites in 
smokers of various age groups, in various patho- 
logical conditions and exposed to various environ- 
mental influences. The appointment will be for 
one year In the first instance with the possibility 
of renewal for a further two years, Salary £2,280 
per annum. F.S.S.U. Superannuation Scheme. 
Apply with full curriculum vitae to Dr. J. W. 
Gorrod, Department of Pharmacy N, Chelsea 
College Annexe, 271 King Street, Hammersmith, 
London, W.6, as soon as possible. (756) 


BREWING INDUSTRY RESEARCH 
FOUNDATION 
NUTFIELD, SURREY 


MICROBIAL PHYSIOLOGIST 


A postdoctoral Microbial Physiologist is required 
in the Department of Microbiology and Fermenta- 
tion tO participate in wide ranging studies of the 
metabolism of yeast during fermentation. 

The appointment will be made as a Research 
Fellow for a period of up to three years at a 
Starting salary to be determined but on the scale 
£2,299 by £80 to £2,619 by £107 to £3,047. 
Threshold payments will be made additionally to 
basic salary. 

Applications, including a curriculum vitae, should 
be sent to the Administrative Manager, Brewing 
Industry Research Foundation, Nutficld, Redhill, 
Surrey RHI 4HY. (780) 





UNIVERSITY OF ABERDEEN 


JNIT FOR RESEARCH ON ADDICTIVE 
DRUGS 


A SRC. Studentship (Co-operative Award in 
Science and Engineering, C.A.S.E.) will become 
available on October i, 1974. It is tenable for 3 
years in co-operation with the Pharmaceutical 
Division of Reckitt and Colman Ltd.. Hull. and 
is open to First and Upper Second Class Honours 
Graduates jn Pharmacology, Biochemistry or 
Physiology. The research project is concerned with 
the action of newly-synthesised morphine-like com- 
pounds on neurotransmitter release and on be- 
havioural patterns in normal and morphine-depen- 
dent animals. 

Applications (3 copies) to be submitted to Pro- 
fessor H. Kosterlitz, Unit for Research on Addictive 
Drugs, University of Aberdeen, from whom further 
particulars may be obtained, Marischal College, 
Aberdeen AB? TAS, not later than September 6, 
1974. (789) 












MRC 


Medical Research Council 





1975-1976 


The MRC invites applications from established workers of at least 
Registrar status, or with postdoctoral experience in the biomedical 
field in the case of non-medical graduates, for Travelling Fellowships 
available for a year from October 1975. The awards may be held at any 
centre abroad (although certain awards are tenable only in the USA). 


The closing date for application is 21 October 1974. 
Application forms and further details may be obtained from: 


Medical Research Council, (Grants and Training Awards Section), 
20 Park Crescent, London, WIN 4AL. Telephone: 01-636 5422 (Extensions 


240 or 242). 


IRELAND 
FELLOWSHIP IN MARINE SCIENCE 


The Pfizer Chemical Corporation, Ringaskiddy, Co. Cork, is sponsoring 
a Fellowship in Marine Science tenable at University College, Cork, under 
a scheme administered by the Fisheries Divisi on of the Department of 
Agriculture and Fisheries. 

Applications are invited from suitably qualified persons to undertake a 
study of some aspects of the ecology of Cork Harbour. 


QUALIFICATIONS:- 


ESSENTIAL—At least a Second Class Honours Grade 1 University degree 
in Zoology. 


DESIRABLE—-Experience in some aspect of Marine Biology. The initial 
starting stipend will normally be within the range of £1,600 to £1,800 per 
annum but a candidate with special qualifications may be appointed at 
a higher starting stipend. 


Application forms and Conditions of Service attaching to the Fellowship 
may be obtained from: 


The Secretary, 

Department of Agriculture and Fisheries, 
Fisheries Division, 

Agriculture House, 

Kildare Street, 

Dublin 2. 

IRELAND ° . 


— Closing date for the receipt of completed application forms is 4.00 pam. 
on Friday, September 6, 1974. r {773} 


‘avelling Fellowships 


GED 


Arait taaa 













AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for appointme 
following: 


Research School of Physical Science 


RESEARCH FELLOW/SENIOR 
RESEARCH FELLOW. 


DEPARTMENT OF NUCLEAR PHY 


The Department, which bas an. aci 
eighteen headed by Professor J. oO 
out work in nuclear structure phy 
main research activities are im the: 
heavy-ion interactions, direct mtgract 
nuchtar spectroscapy. 


The Department operates two major accele 
The 14UD Pelletron Tandem Accelerator i 
terminal) was installed in 1973 and research 
with it has recentiy commenced. Lo is intenc 
that research with the IUD will be mainly: ine 
heavy-ion field. 


The EN tandem (6MY terminal) is E wih. 
a negative-ion cyclotron injector enabling. Accelera 
tion of proton and deutron beams with energies up 
to 38 and 26 MeV respectively. In addition: he: 
EN has a polarised ion source as well as th 
gas and lithium exchange source. g 


Closing date: September 13, 1974, u a : 


SALARIES: Salary on appointinent® “wit ee 
accordance with qualifications and. experience within eo 
the ranges: Senior Research Fellow. $A13,163- a ; 
SA1S.348 pa., Research Fellow SAG O0Z gani 
$A12,269 pa., current exchange rates are approxi. 
mately $AI: 67p: $US1.49, 


Tenure: Senior Research Fellow and Research 
Fellow normally for three years in the first instance: 
with the possibility of extension to a maximum of. 
five years. 


Reasonable travel expenses are paid and assis 
ance with housing is provided for an appointe 
from outside Canberra. Superannuation is on- 
F.S.S.U. pauern with supplementary benefits... 


The University reserves the right noto io i 
an appointment or to make an appointment, 
invitation at any time. 

Prospective applicants should obtain = furt 
particulars from the Association of Commonw 
Universities (Appts), 36 Gordon Square, ; Lon 
WCIH OPF befort applying. > {75 




































SHEFFIELD POLYTECHNIC 


Research Fellow 
in 
Biological Sciences 


Applicants should be experienced in the 
biochemistry of microorganisms, with particu- 
far reference to biological recycling of in- 
dustrial! and town wastes and effluents. 


The initial appointment will be for three 
years with the possibility of extension for a 
further two years, 


Salary Scale: Senior Lecturer Grade: £3,525 
to £3,915 Char) to £4,212. 


Application forms and further details ob- 
tainable from the Staffing Officer, Sheffield 
Polytechnic, Halfords House, Fitzalan 
Square, Sheffield, Si 2BB, to whom com- 
pleted forms should be returned within four- 
teen days. (762) 


UNIVERSITY OF ADELAIDE 
Applications arë 
appointment: 


SENIOR TEACHING FELLOW IN 
PHYSICAL AND INORGANIC 
CHEMISTRY 


The Senior Teaching Fellow, who should have 
completed a Ph.D. degree, will devote about half 
his time to teaching and the other half to research 
He will be responsible for supervising arrangements 
for some undergraduate practical courses and will 
initiate new course developments; he will be en- 


invited for the following 


- Souraged to undertake research with one of the 


: èxisting research groups in the Department, which 
has good modern facilities. A document detailing 
research interests within the Department and 
describing undergraduate class arrangements is 
available on request (September 13, 1974), 


, Salary Scales: Senior Teaching Fellow $A7,545 
by $A292(2) by $429163) to $A9,002, with super- 


annuation provision. 


_ Further Particulars about this post and the con- 
ditions of appointment and other information 
sought will be supplied on Feguest to the Registrar 
of the University, or to the Seeretary-General, 
Association of Commonwealth Universities (Appts.) 
36 Gordon Square, London WCIH OPF. i 


Applications should be sent jn duplicate and 
giving the information listed in the Statement that 
wil be supplied, to the Registrar, The University 
of Adelaide. North Terrace, Adelaide, South 
Australia, 50061, (796) 


UNIVERSITY OF LEEDS 


DEPARTMENT OF 
PHYSICAL CHEMISTRY 


Applications are invited for two research 
posts to work with Professor P, Gray and 
Dr A. A. Clifford. 


EXPERIMENTAL OFFICER: work on the 
Measurement of the viscosity and thermal 
conductivity of the freons in the gas phase. 
Applicants should be graduates with good 
practical ability, Salary on the Scale £1,752 
Da {rates applicable from October 


. RESEARCH FELLOW: work on the 
measurement of the diffusion rates of hydro. 
gen atoms in gases using the technique of 
resonance fluorescence. Applicants should 
hold a Ph.D. degree and have experience 
of research in a related feid. Salary on the 


scale £2,118 to £2,412 (rates lie: 
October 1974y 41 applicable from 


Appointment will be for one year in the 
first instance, with possible renewal for a 
further year. Applications to Dr A. oA. 
Clifford, Department of Physical Chemistry, 
- The University, Leeds LS2 93T by August 
_ 43, (760) 




















SHEFFIELD POLYTECHNIC 
DEPARTMENT OF CHEMISTRY 
AND BIOLOGY 


RESEARCH STUDENTSHIP 
IN “OPTICAL METHODS OF 
INDUSTRIAL ANALYSIS” 


Applications are invited for this post, 
sponsored by Anacon (Instruments) Ltd., to 
commence in September 1974. Candidates 
should hold, or expect to obtain this year, 
a good honours degree or equivalent (such 
as GradRIC) in chemistry, chemical engin- 
eering or biochemistry, or an appropriate 
joint honours degree. Other qualifications 
such as FIMLT could also be considered. 
The successful candidate will be expected to 
register for a higher degree. 

The project will involve study of appli- 
cations of near-infrared and ultraviolet spec- 
troscopy and = refractometry to analytical 
problems, particularly in the context of on- 
line analysis, in a wide range of industrial 
processes (e.g. in the food, chemical and oil 
refining industries). The student will spend 
periods of work at the Anacon factory and 
at appropriate industrial plant, thereby gain- 
ing experience of taking a project from the 
laboratory through to the eventual applica- 
tion on the plant. 

The post is for two years in the first in- 
Stance, renewable for a further year, The 
value of the Studentship will be £800 per 
annum (plus all fees), but this may be 
supplemented by a limited amount of pari- 
time teaching in the Department to afford 
approximately £1,100 per annum. 

Application forms may be obtained from 
the Staffing Officer, Sheffield Polytechnic, 
Halfords House, Fitzalan Square, Sheffield, 
St 2BB, to whom completed forms should 
be returned as soon as possible. (763) 
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UNIVERSITY OF LEICESTER 
Department of Engineering 


Applications are invited for a 


Research Fellowship 


for SRC-supported research into 
high current-density electrochemical 
machining with molten salt electro- 
lytes. 


Applicants should have at least two 
years postgraduate experience or a 
higher degree. 


The post is for 2 years, with salary in 
the range £1,925 to £2,605 p.a. and 
superannuation benefits payable. 


Further detalls and application forms 
may be obtained from the Head of 
the Engineering Department, The 
University, Leicester LE] 7RH (Ref. 
RF3), | 
Informal enquiries to Mr H. E. Freer 
or Dr A. C. Baxter. 
(803) 





LECTURES AND COURSES 


undamentals 


An introductory ¢ourse of EA Apbst-eb perience lectures will be held at 


IMPERIAL COLLAGE fidme Monday 


E 


Further information 
cal Engineering and Chemical ~ 
2BY. ee 


$ 





FOR SALE AND WANTED 


FOR SALE 


ELECTRON MICROSCOPE RCA EMU4 with 
double condenser lens system, heated objective 
aperture gives very low contamination rate, full 
normalising system on alll enses, through focal 
Series system. Resolution limit 5 Angstroms, The 
instrument is fitted with the latest pre pumped 
specimen air lock and has fully automated 
vacuum and photographic systems. It is seven 
years old and has been routinely serviced since 
new. 

£3,000 a.n.a. 

Please contact: D. J. Lovell, E.M. Unit, Guy’s 
Hospital Medical School, London SE1. Telephone: 
01-407 7600 ext 547. (804) 





Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. (1) 





MISCELLANEOUS 






SABBATICAL? 


Rent/exchange homes/apts.,- world-wide. 
$7.00 US) directory or free brochure. 
LOAN-A-HOME, 18 Darwood Place. Mt. 
Vernon, NY 10553, U.S.4. (794) 










| tober 14 to Friday 18, 1974. 
tram Professor F J- Wẹinberg, Department of Chemi- 
tnolagy: ‘Imperial College, London SW7 
Deg 


(751) 
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Marine Pollution Bulletin is published monthly and | 


sets out to cover all aspects of the fight for life of lakes, 
estuaries, seas and oceans. it includes news, com- 
ment, reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. It publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 


Recent research reports include: 

Distribution of Caesium-137 in British Coastal Waters, 
DF. Jefferies, A. Preston and A. K. Steele. Export of 
Lead from Salt Marshes, M. Banus. |. Valiela and J. M. 
Teal. international Scope of Marine Pollution Damage, 
D. P. Tihansky. Effects of Red Mud on Marine Animals, 
R.A. A. Blackman and K. N. Wilson. Pollution Problem 
ofthe Golden Horn, M. Karpuzcu. 


Annual Subscription £6.50 (£7.50 USA and Canada). 
Prices applicable only to orders starting before 31 
December 1974. Payment may be made in any cur- 
rency at the current exchange rate. Cheques should 
be made payable to Macmillan Journals Ltd., Sub- 
scription Department, Brunel Road, Basingstoke, 
Hampshire RG21 2X5, England. 





MASS 
FRAGMENTOGRAPHY 


For those who are interested in the 
metabolism of foreign compounds and 
related studies, especially methods 
using stable isotopes, and would like 
to know more about mass 
fragmentography, for those who know 
all about mass fragmentography and 
would like to do it, or do more of it, 
IRI has prepared a brief on the utility 
of this research tool, and its 
availability at IRI. 


To receive this brief, without any obligation, write, 


telephone or telex: 


The Director 

Inveresk Research International 
Inveresk Gate 

inveresk 

Midlothian EH?1 7UB 

Scotland 


Telephone: 031-665 6881 Telex 727228 








The 
Centre 
for 
“radiochemicals 





Some of the new 


labelled steroids 
available from The Radiochemical Centre 


[6.9(n)-*H] Oestetro! 


30-50Ci/mmol TRK.455 
[2,.4,.6,9(n)~°H] Oestriol 
70-90Ci/mmol TRK.453 


[6,9(n) -°H] Oestriol-16<«- (B-D-glucuronide) 


30-50Ci/mmol TRK.456 
(1.2,6,7(n)-°H] Androst-4-ene-3,1/-dione 
80-110Ci/mmol TRK.454 


Full details on request. 





The Radiochemical Centre 
Arhersham 


the Radiochemical Centre E en et, shea a ok 
in the Americas: Amersham i Sear Cor a Hin 300) XA 05. Tet. 342-893-6300, 
in W. Germany. Aw shom Buchler Gmk 18C » AG, Braunschweig. 
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In 1970 the Miles Yeda group pioneered 
the introduction of commercially 
available lectin: CONCANAVALIN A. 
Our commitment to filling your needs 
and continuing two-way dialog with the 
research community has resulted in the 
availability of additional lectins. Dr. 
Moshe Rashi, working with colleagues 
at the Weizmann Institute, has 
developed and prepared a wide range 
of high purity lectins. He is actively 
interested in learning of your interest in 
our existing line of new products. For a 
comprehensive bibliography on Lectins, 
a brochure on our available products or 
if you have a specific interest in any 
particular application call or write to 
the office nearest you. 





Miles Laboratories, Inc. 
Elkhart, ind. 46514 
Phone: 219-264-8804 


Miles Laboratories Ltd. 

Post Office Box 37, Stoke Poges 
Slough England SL24LY 
Phone: Farnham Common 2151 


Miles Yeda Ltd. 

Fst Office Box 1122 
Kiryat Weizmann, 
Rehovot, Israel 
Phone: (03) 95-29-22 





by The Chesham Press Limited. 
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° p C $ ° E S. 
Filtration for the biological scientist 
This useful manual describes the basics of sample preparation using various 
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Mr Benn’s mixture 
of good and bad 


- BRITISH industry is in a woeful mess: there is little 
disputing that and small comfort in the knowledge that 
nowhere in the world is industry doing outstandingly 
well at present. Nor is the malaise a thing of the recent 
past. For many years the danger signals have been flying, 
as Britain’s growth has become sluggish and as industrial 
investment has fallen off, 

A long period of decline will require a long period of 
recovery, certainly no tactical change of course that a 
single budget could effect will help much and this is the 
importance of Mr Benn’s proposals in The Regeneration 
Of British Industry, just published as a White Paper 
(Cmnd 5710). Nothing less than an immense strategic 
rethink is necessary and the time when industrialists 
could simply ask to be left alone is well past. The 
crudity, so far, of the advertisements of Aims of Industry 
—a group of employers dedicated to free enterprise— 
suggests that there are many who still do not appreciate 
_ that what is desperately needed now is discussion and not 
rhetoric. Lack of business confidence, which is what the 
decline in investment is all about, cannot be treated by 
urging support of the status quo. 

That, at least, is certainly far from Mr Benn’s intention. 
Government and industry, the document argues, have 
dealt too remotely with each other: and industry has 
seen the government’s function as one of regulation. Now 
it is time for partnership, and this is being proposed in 
two fairly distinct ways. 

First, there will be Planning Agreements with major 
firms to ensure harmony with national needs and 
objectives and to provide a better basis for governmental 
aid. The agreement will be a rolling three-year look at 
company plans, and if necessary will provide discretionary 
financial assistance. The agreement will be drawn up by 
management ‘in close consultation with trade union 
representatives’ who will be provided with all necessary 
information for effective consultation. The government 
sees this as a major advance in industria] democracy. In 
return for companies opening up their plans to Whitehall, 
they will have the benefit of “the government’s views 
on the likely development of the economy”. 

The second proposal is for a National Enterprise 
Board (NEB) and it is through this that the government 
will channel large scale investment in exchange for equity, 
It will also take over the government's holdings in’ 
companies such as Rolls-Royce (19713 Ltd, assist 
industrial reorganisation, start new ventures and extend 
public ownership into profitable manufacturing industry 
by buying up to 100% of the equity. Criteria for ac- 
quiring a profitable company will include the danger of 


its passing into “unacceptable” foreign control, and the e 
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stimulation of competition. The NEB may also take over 
an ailing company for reasons of regional employment or 
“industrial policy”. The board will ensure that enterprises 
under its control fully involve employees in decision 
making. Mr Benn is restrained by the requirement that 
all major deals require government approval and the 
Cabinet, much less to the left on average than Mr 
Benn, will presumably moderate his undoubted vigour, 

The timing of the document makes it quite obviously 
an election manifesto since nobody seriously believes 
there will not be an election before the White Paper can 
be put to the vote. And it is this reminder of the fluctua- 
tions of politics which casts some doubts on the two 
schemes. If a Labour government guarantees a three-year 
planning agreement, will a subsequent Conservative 
government dismantle it? Surely this would provide for 
even less investment confidence and so there is a need 
for the two major parties to hammer out something — 
which they can each live with. The document, as it now 
exists is more moderate than was originally planned. 
Even so, the thought of trade unions looking at the books 
and helping to make decisions will still terrify most 
Conservative Members of Parliament and may make the 
whole programme unacceptable if Labour is still a 
minority government when legislation is being considered. 

This would be most unfortunate. If there is one thing 
that desperately needs attention in Britain, it is the them- 
and-us divide which permeates industry and most other 
things too. Industrial democracy, common in many other 
countries, has to come soon and Mr Benn is right to push 
for it. 

The other compulsory match for industrial manage- 
ment is with government, and this is a dubious affair in- 
deed. The problem is that government has no evidence to 
show that it has any unusual skills or knowledge to 
offer. No doubt there will be some bright people recruited 
into the NEB and Planning Agreement section of the 
Department of Industry but on the whole staffing will 
be accomplished by shuffling the pack of civil servants. Is 
there any evidence that they will be a desirable com- 
modity for industry? And the political masters, well 
they are much the same as those who were going to 
harness the technological revolution in 1964, and it 1s 
the failure to do that which has contributed much to 
Britain’s present depressed state. No doubt the agree- 
ments will allow civil servants to pass on the minister’s 
thinking in their offices instead of their clubs, but 
vigorous industry is more likely to be able to shape the 
minister’s thinking by its successes than to be shaped it- 
self because of its failures. | . 

If the planning agreement concept suggests the gain- 
ing of doubtful benefits from Whitehall, the NEB in- 
vestment and takeover scheme is worse. The reward for 
running a profitable company is to find not only the 
unions but also the government wanting a large piece of 
the action. No self-respecting manager will stay with a 
firm in which success im recompensed by loss of res- 
ponsibilit If there is so much talent in Whitehall, it 
should surely be used to revive less successful industry. 
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The changing relationship between 
science and technology 


aeieea: manners 
asymm amnnerertere 


J. Langrish of the Manchester Busi- 
ness School examines the way in 
which the relationship between 
science and technology has changed 
in the past and is about to change 
again. 





In recent years, the belief that tech- 
nological change is somehow based on 
scientific advance has been increasingly 
challenged. Price', for example, has 
claimed: “The naive picture of tech- 
nology as applied science simply will 
not fit the facts. Inventions do not 
hang like fruits on a scientific tree. In 
those parts of the history of tech- 
nology where one feels some con- 
fidence, it is quite apparent that most 
technological advances derive imme- 
diately from those that precede them”. 

Technological change has been in- 
creasingly seen as the adaption of 
existing technological concepts in res- 
ponse to demand. Schmookler’, for ex- 
ample, has attempted to show that the 
variation in inventive activity between 
different American industries is explic- 
able in terms of the variation in 
demand, concluding that economic 
growth determines the rate of inventive 
activity rather than the reverse. None 
the less, governments have continued 
to invest in scientific research at a 
level much greater than other activities 
which can also claim cultural and pres- 
tige benefits. Science receives much 
more money than the Arts because it 
is believed to be useful. When science 
is not used, it is claimed that there is 
a communication barrier; the alterna- 
tive possibility that it is intrinsically of 
no use is not examined. 

One of the major problems in look- 
ing at the usefulness of science is a 
matter of definitions. What is Science? 
What is Technology? To avoid this 
problem, we must ask questions such 
as, what is the effect of university 
research and research in government 
laboratories on industrial change, or 
on improvements in health and 
agriculture, 

A study’ of 84 British technological 
innovations showed that “demand pull” 
occurred more frequently than ‘‘dis- 
covery push” and that out of 158 key 
technical ideas made use of in innova- 
tions, 56 originated within the innovat- 
ing firms and of the remainifg 102, 
7 came from a British university and 
17 from a British government labora- 


tory (including Research Associations). 

The apparent conclusion that ideas 
from British universities had little 
effect on British innovation was chal- 
lenged in a variety of ways. One of 
these was the claim that although in- 
dustrial innovation may be based on 
industrial research, the day to day pro- 
gress of industrial research depended 
on university research in ways that 
would not be revealed in looking at 
‘key ideas’. It was pointed out, for ex- 
ample, that industrial chemists spend 
time reading the results of university 
chemical research. 

To examine the relative contribution 
of university research in the literature 
cited by industrial researchers, seven 
review articles written by British indus- 
trial chemists were examined’. The 
reviews contained 567 references to 
ether publications (including patents) 
and the institutional origins of 396 of 
them were identified. Only 23 out of 
the 396 references were to the work of 
British universities and of these, 7 
stated that some industrial finance had 
been involved in the research. British 
government institutions seemed to be 
more interesting to the industrial re- 
viewers in that 45 of the references 
were involved. Table 1 compares the 
relative importance of the institutional 
origins of the 102 “key ideas” with the 
origins of the 396 references and also 
the origins of 452 abstracts to be 
discussed later. 

These results suggest that British 
university research has little impact on 
British industry. Why then does the 
British government continue to finance 
university research? One possible 
reason is that university research only 
occasionally produces results of econo- 
mic benefit but when it does the bene- 
fits are so large that they outweigh the 
total costs of all university research for 
several decades. An example of this 
kind in the present century would be 
the research that led to atomic power. 
A more fruitful source of such ex- 
amples is the last half of the last 
century. 

There is little doubt that German 
university research ein organic chem- 
istry, for example, provided the foun- 
dations for the German synthetic dye- 
stuffs industry and subsequent advances 
in pharmaceuticals. synthetic rubbee 
and plastics. Similarly the electrical in- 
dustr@es can be seen as being based on 
nineteenth centuryeacademic research. 


At the time of the First World War 
Britain realised that Germany had 
advanced industrially by using the re- 
sults of scientific research, and in 1917 
the Department of Scientific and Indus- 
trial Research was established. Since 
then, the British government has 
ploughed increasing amounts of money 
into scientific research in the belief 
that what was good for Germany in 
the last century should be good for 
Britain now. 

But times have changed. Reliance on 
the German example does not seem 
to have been justified. One possible 
explanation is that the relationship be- 
tween science (university research) and 
technology (industrial practice) has 
changed since the last century. To test 
this hypothesis, abstracts produced by 
the Journal of the Society of Chemical 
Industry were examined. For some 
eighty years, this Journal produced 
abstracts of the world’s literature that 
might be of relevance to industrial 
chemists. Even in the last century, 
large teams or abstractors were used, 
reducing the possible bias of an in- 
dividual, The abstracts were classified 
according to industria] subject matter, 
and those classes which might be con- 
sidered to rest on organic chemistry 
were chosen for examination. 

The original publications selected by 
the abstractors as being worth the 
attention of industrial chemists were 
consulted and wherever possible, insti- 
tutional origins identified. Initially, the 
years 1884, 1917, 1935 and 1952 were 
examined but the difference in insti- 
tutional origins between 1884 and 1917 
was sO great that the year 1899 was 
added to the investigation. 

Table 2 shows the institutional 
sources of abstracts in randomly 
selected editions of the Journal for the 
piven years. (A small proportion of 
abstracts in all years defied attempts to 
identify origins. The figures given are 
for identified sources.) 

Teaching establishments are included 
under the category of university as are 
research laboratories and institutions 
attached to universities. The ‘govern- 
ment’ category includes Research 
Associations, government-financed in- 
dustrial laboratories and military 
establishments. 

Several of the abstracts were tc 
patents some of which caused difficul. 
ties in the assignment of origins. Early 
patents usually give the name and pro- 
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fession of the inventor. In most cases 
the profession enabled a classification 


to be made, such as ‘professor —— 
university; ‘merchant’—industry. But 
descriptions such as ‘gentleman’ or 


‘subject of the Czar’ had to remain 
unclassified unless the inventor could 
be identified from other sources. Papers 
by joint authors from different types of 
institutions were scored 4 each. 

It can be seen from Table 2 that 
there has been a marked change in the 
relative importance of the institutional 
origins from European university 
(mainly German) to European industry 
and then to American industry as be- 
ing the major contributors selected by 
the abstractors. 

Although some of the change may 
be due to changes in abstractors or 
journal policy, the large decline in the 
relative EAA of university pub- 
lications from 61% in 1884 to 6% in 
1952 and the steady growth in the im- 
portance of American industry from 0 
in 1884 to 54% in 1953 can be assumed 
to be the result of a change in the 
relationship between university re- 
search in organic chemistry and those 
industries which use organic chemicals. 

The data for 1952 are included in 
Table 1 for comparison with the 
studies previously mentioned. The data 
are based on an examination of 544 
abstracts of which 59 could not be 
found, 6 had insufficient information 
and 27 were unclassifiable patents, leav- 
ing 452 identified origins. The three 
different studies give different per- 
centage inputs but it should be noted 
that in all three studies: 

© Foreign industry was the major 
source of inputs 

© UK industry was the second most 
frequent source in two studies and the 
fourth most important in the other 

®© UK university was either the least 
important source or next to the least. 

The dramatic change which has 
taken place since the days when 
German university research was pro- 
viding results of direct relevance to the 
German dyestuffs industry may be ex- 
plained by two alternative hypotheses: 
(1) Industry has taken over its own 

research. The massive growth in 
industrial research since German 
industry employed teams of chem- 
ists to search for new dyes may 
explain the decline in apparent 
relevance of university research. 
However, university research has 


Table 1 Institutional origins of literature cited in British industrial research 
eg ace a a eee he ee 


Origins % of 102 
ideas 
UK Industry 22 
UK University 7 
UK Government 19* 
Foreign industry 40 


Foreign university 3 
Foreign government g* 


*Government and military combined 





Table 2 Change with time of institutional sources of abstracts in Journal of Society of Chemical — — 






% Of 396 % OF 452. 
references sale ad mae 

10 

6 A 

l l 

40 68 

21 5 

12 6 


Industry for industrial areas connected with organic chemistry 


Year of journal 1884 1889 1917 1935 9520 

Institutional source vA yf rA VA Do 
US industry — 4.8 14.5 38.1 RH. eons 
UK industry 8.8 17.3 6.2 9.3 oA | DE 
European industry 23:5 44.7 52.4 24.1 WO Ces 
Other industry — 1.0 0.7 0.5 Q. eee 

Total industry 32.3 67.8 73.8 72.0 TA 
US government — 1.0 1.4 1.9 A tae 
UK. government — 1.0 — 0.5 LE.: 
European government 5.9 1.9 2.1 3.4 2 
Other government a 1.0 2i 0.5 oi 

Total government 5.9 4.8 5.5 6.3 ; 
US university 3.0 1.0 1.4 1.9 2.6:: 
UK university — Ast 6.2 0.8 0.7. 
European university 58.8 18.7 13.1 15.3 :0;2. 
Other university — — — 3.7 2 

Total university 61.8 27.4 20.7 21.7 5. : 





Table 3 Change with time of institutional source of publications referred to by British industrial 


chemists in reviews of ‘polyolefin’ chemistry 


“1967 





Date of review 1957 1961 
1 A 
Institutional source (n= 28) AE = 102 
UK industry 3,5 12.0 ae 
US industry 41.5 46.0 7 Pe 
European industry 5.0 7.0 sa 
Total industry 50.0 65.5 $1.0 
UK university — — 20- 
US university 7.0 = an: 
European university 43.0 28.0 oe: 
Total nuiversity 50.0 28.0 4.05 
UK industry-university collaboration — — 3.0 
US industry-university collaboration ` — 6.5 } 200 | 
European industry-university collaboration ~ — i a 
Total industry-university collaboration —_ 6.5 ae 


also grown enormously since the 
last century. (An interesting 
account’ of the growth of British 
industrial research has been given 
by Sanderson.) 

(2) A new branch of science is only 
useful in its early days. The early 
days of astronomy as a science 
were linked wth economically im- 
portant attempts at improving 
navigation but astronomy has 
hardly been useful since then. 
(Even earlier, astronomy was used 
to maintain the power of priestly 
castes.) The early days of atomic 
power involved theoretical phy- 
sicists; since then the theoretical 
physicists and the designers of 
nuclear power stations have 
moved further apart. 

The early days of organic chemistry 
involved the production of new chem- 
ical substances and new® ways of 
making them. Since then the university 
chemist has heen more concerned with 
understanding the results of early 
research; the industrial chemést has 
been concerned with using the early 


knowledge and is not too interested in 
later theoretical developments. E 

One of the seven review articles re- 
ferred to earlier was about ‘polyolefins’ 
and only 14 out of 102 identified - 
references were to university research - 
in spite of the fact that the present 


industrial importance of such materials Le 
as polypropylene started with the non= = 


industrial research of Ziegler and 


Natta who may be considered to have = a 


founded if not a new branch of science, . 


at least a new stem entitled stereo- MRE 


specific polymerisation. 


It was decided, therefore, to test the es 


above hypothesis by looking at earlier 
reviews of ‘polyolefins’ by industrial 
chemists. Table 3 shows that the rela- 
tive importance of university contri- 
butions dropped from 50% in 1957 to 
14% in 1967, although the absolute 
number of university contributions 
remained constant. 

Another point of interest is. that 
British industry began publishing item 
of interest to the reviewer before | 
British universities. This was not be- 
cause British universities ignored stereo- 

















616 


specific polymerisation. It was because 
universities concentrated on the scien- 
tific problem of describing and explain- 
ing the mechanisms involved and the 
structure of the polymers produced 
whilst industry concentrated on obtain- 
ing manufacturing processes and im- 
proving properties such as light 
resistance. From a common origin, the 
discovery of stereospecific polymerisa- 
tion, academics and industrialists have 
moved in different directions. 

The relationship between university 
research and industry may well be a 
function of the degree of development 
of the area concerned. Once a new 
area has been established, the aim of 
science is to understand: the aim of 
technology is to make it work, and 
industry has been very successful at 
making things work without too much 
reliance on understanding. 

Industry makes use of the trained 
manpower supplied by universities. It 
also uses new techniques such as chro- 
matography, developed in universities. 
But the new products and processes of 
industry seem to depend on a com- 
bination of existing technological 
concepts, economic pressures and 
empirical research with scientific un- 
derstanding not being very relevant. 

This does not mean that university 
research is a waste of money; the situa- 


tion may be changing. Concern about 
such matters as resource depletion, 
ecology, pollution, fire risk, health 
hazards and quality of working life 
coupled with the increasing scale of 
industrial operations may mean that 
industry will have to pay more atten- 
tion to understanding what it is doing. 

In the study of 84 innovations men- 
tioned earlier, the only example of 
theoretical work in a British university 
assisting British industry was in the 
area of steel frames for building con- 
Struction. A concern for human safety 
together with a shortage of steel led to 
the use of Baker's theory of plastic 
flow to design buildings which are safe 
but use less steel. 

It could be that in the future, many 
sections of industry are going to re- 
quire an increasing reliance upon 
theoretical research aimed at under- 
standing, as the empirical approach, 
which has been so successful, joins the 
quest for economic growth as a thing 
of the past. 

It would seem, therefore, that there 
are both macro and micro effects lead- 
ing to changes in the relationship 
between science and technology. 

At the micro level, the relevance of 
a particular part of science has de- 
pended on its degree of development. 
At the macro level, the relationship 
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seems to move in cycles, with the first 
half of the nineteenth century involv- 
ing little reliance upon scientific theory 
(although the scientific technique of 
methodical observation was made use 
of) the second half of the nineteenth 
century being characterised by a series 
of inputs from research concerned with 
exploring scientific problems, the first 
half of the present century being a 
triumph of industrial methodical empi- 
ricism and the future requiring an 
increasing dependence on under- 
standing. 

I thank the Department of Educa- 
ton and Science and the Programmes 
Analysis Unit for funding parts of this 
research and Trevor Parkinson for his 
considerable ingenuity in tracking 
down the institutional origins of some 
of the more obscure references. 
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international news 





A WORKING party under the chairman- 
ship of Lord Ashby, Master of Clare 
College, Cambridge is being set up by 
the Advisory Board for the Research 
Councils to “make an authoritative 
assessment of the potential benefits 
and potential hazards of techniques 
which allow the experimental manipu- 
lation of the genetic composition of 
microorganisms”. 

At the same time the Medical Re- 
search Council (MRC) has made pub- 
lic the fact that they have asked their 
staff members not to embark on 
experiments in bacterial manipulation 
vetoed in the recent National 
Academy of Sciences (NAS) state- 
ment, 

The letter circulated to directors of 
those MRC units which have the 
capacity to carry out work in this field 
asked that no experiments of type I 
and II in the NAS statement be under- 
taken in the near future until the 
working party has reported., This 
covers work on recombinant drug re- 
sistance plasmids that do not occur 


Improper 
plasmids? 


by Eleanor Lawrence 


naturally, and the linking of animal 
virus DNA to plasmid DNA and its 
subsequent introduction and replica- 
tion in a bacterial cell. 

Directors were also asked not to 
initiate research on linking animal 
DNA to plasmid or bacterial DNA, 
which, according to the NAS state- 
ment, “should not be undertaken 
lightly.” Experiments of this kind have 
already been carried out in the United 
States. ° 

Accordyig to a spokesman for the 
MRC, the council supports no pro- 
grammes actually involving research 


of the kind mentioned*by the NAS,”® 


although the separate techniques are 
being studied in vgrious laboratories. 


He estimated that about 50 labora- 
tories In Britain have the capacity to 
carry out genetic manipulation of the 
sort vetoed by NAS, but that until now 
there had been a self-imposed holding 
back from this type of experiment, 
which has been technically possible 
for some time. 

The establishment of a working 
party to clarify the issue is generally 
welcomed, as the part of the NAS 
statement referring to drug resistance 
plasmids is felt by some to be ambigu- 
ous: it could, for example, be interpre- 
ted as banning experiments necessary 
for important public health work. 
Other workers also feel that the ban 
on introducing animal genes into bac- 
terial cells could hold up work on new 
ways of producing important substan- 
ces such as insulin. 

The working party will consist of 
“high-level scientists’ and the Advi- 
sory Board for the Research Councils 
hopes to be able to announce the 
membership within the next two 
weeks. O 
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Focus on astronomy 


by John Gribbin and lan Ridpath 


A RECENT flurry of activity related to 
observational astronomy has empha- 
sised that the obituaries for British 
optical astronomy may have been writ- 
ten too soon. Certainly the prospects 
for optical astronomy in Britain are 
dim; but the stirrings of the supposed 
corpse are having repercussions around 
the world, emphasising the inter- 
national nature of modern astronomy. 


Anglo-Australian Telescope: The AAT 
is the furthest of these projects from 
Britain geographically, but perhaps the 
most important in scientific terms. In 
spite of the usual difficulties of mark- 
ing out territory on international pro- 
jects (which will be familiar to readers 
of Fred and Geoffrey Hoyle’s book The 
Inferno (Heinemann, 1973)) the project 
is still more or less on schedule. The 
official timetable, which sees commis- 
sioning of the telescope in October 
with completion of alignment and test- 
ing of optics and instrumentation in 
December of this year, looks a trifle 
optimistic. But it does seem that the 
facility will be ready for use early in 
1975, 
Infrared telescope for Hawaii: The SRC 
recently announced the decision to go 
ahead with construction of a 3.8 m 
(152-inch) infrared flux collector on 
Mauna Kea in Hawaii. This ends long 
speculation about the future of British 
infrared astronomy, and will result in 
the world’s biggest ‘purpose built 
infrared telescope being located at a 
site which is recognised by astronomers 
as one of the best in the world. The 
SRC will lease the site for the instru- 
ment from the University of Hawaii, 
which already operates an observatory 
on Mauna Kea, at a height of 4,200 m. 

This project has suffered more than 
most from political intervention, with 
sites such as Tenerife being ruled out 
because of poor relations between the 
British and Spanish governments. But 
for once the astronomers may have 
come out well from the politicking, 
since it seems likely that the Hawaii 
site would have been felt too remote 
for administrative convenience if an 
alternative closer to home had re- 
mained viable. The site is also con- 
venient from a practical point of view, 
because it is far enough south to pro- 
vide a good view of the galactic centre, 
a region of great interest to infrared 
astronomers. The construction costs 
for this telescope are estimated as 
£1.25 million at January 1974 prices, 
and construction is expected to take 
three years, 

Mr Gordon Carpenter, the project 
manager, said last week that tenders 


are now out and are expected back in 
early October. The site allocated is on 
the same mountain ridge as the Uni- 
versity of Hawaii 88-inch optical 
telescope, and so most of the access 
roads and so on are already there. It 
should be possible to pour the first con- 
crete in 1975, he said. 

All this must make hot favourite as 
the location for the Northern Hemi- 
sphere Observatory, about which a 
decision is thought to be imminent. 
South Africa: Amidst all this lightening 
of the astronomical gloom which has 
been so prevalent in recent years, a few 
storm clouds remain as a reminder that 
astronomers have not entirely aban- 
doned their centuries-old tradition of 
internecine squabbling. 

Since the opening of the new South 
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Photo: 


Hartebeest hoek tracking station 


African Astronomical Observatory, 
with its observing station at Sutherland 
in the Karoo and its headquarters at 
the Cape Observatory, the former 
Republic Observatory in Johannesburg 
has been effectively abandoned. The 
observatory’s buildings in Gill Street 
stand silent and empty, with the 264- 
inch refractor, responsible for the 
observatory’s world-renowned work on 
double stars and classic colour photo- 
graphy of Mars, now under mothballs 
in its dome. 

Only one astronomer remains at the 
observatory, examining plates taken 
for minor planets with the 10-inch 
Franklin Adams telescope at Harte- 


beestpoort, 50 miles outside 
Johanesburg. 
The decision to cannibalise the 


Republic Observatory and concentrate 
efforts at the Sutherland was received 
wth mixed feelings by astronomers a 
few years ago, and Dr Willifm Finsen, 
formerly Director of what was once 
South Africas national observatory, 
was among the critics who spoke out 
against what he saw as a wrorm® deci- 
sion by the SRC amd the South African 











Council for Scientific and Industrial 
Research (see Nature, 229, 355; 1974) 
Today, Finsen is in retirement and y 
tually an outcast from the South 
African astronomical establishmen 
For good or bad, however, the T 
organisation of observational astro- - Ae 
nomy in South Africa is now | 
essentially complete, and under the 
Forceful direction of the former Astro- oe 
nomer Royal Sir Richard Woolley, t 
is hardly likely to become a back nae 
water. oe ue 

South African radio astronomers. ce 
meanwhile, like their infrared col.” 
leagues in Britain, seem to have 
benefited from a partially politically 
oriented decision. The 26-m (85-foot) 
radio dish of the former NASA deep- 
space tracking station at Hartebeest- 
hoek, near Pretoria, ceased ope 
at the end of June this year, offi 
as part of “an overall consolidat 
activity” to prune the NASA track 
network. Privately, however, ast 
nomers say that pressure from blac 
politicians in the United States is þe- : 
lieved to have influenced the decision. © 
The associated tracking station for 
Earth-orbiting satellites is to close next 
year. ae 
The deep-space station, opened in 
1960, has been used to track all 
NASA's unmanned probes to the 
Moon and planets: it has now been 
taken over by South Africa’s Council 
for Scientific and Industrial Researck 
and is being modified to work as 
radio astronomy observatory. Initia 
the aerial will work at a waveleng 
of 13 cm, and eventually wavelen 
as short as 4 cm will be available. T 
South African radio astronomers ho 
to have the telescope operational. by 
the end of the year, and perhaps as- 
soon as September. Surprisingly, how- 
ever, no firm programme has yet been 
decided; but the interest of the obser- 
vatory’s director, George Nicholson, 
in quasars and extragalactic work is 
certain to make itself felt, 
























Leaving aside this somewhat for- 
tuitous windfall to the radio astro- 
nomers, the revival of British. and 
associated optical astronomy can in 
retrospect be traced back over several- 
years. Certainly five years ago there 
was cause for concern: but with hind- 
sight it is becoming clear that the 
problems have been recognised and to 
a large extent tackled. Projects such as 
the Schmidt at Siding Spring, the AAT 
and the new infrared telescope are now 
becoming physical realities, and allow- 
ing for the inevitable delay in the filter- ; 
ing of the resulting benefits through ; 
the system, the patient may not only 
be able to take up his bed and walk 
but may even be running around in the 
first team in another ten years or So, 
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correspondence 





Megalithic alignments 


Sir,—In your editorial “Science be- 
yond the fringe” (April 12). you speak 
of archaeology as “plagued by a series 
of ideas which have achieved a follow- 
ing particularly among the young”. 
The extreme example you give of this 
is “people busily poring over Ordnance 
Survey maps of Britain plotting mythi- 
cal alignments between ancient monu- 
ments and erecting fanciful hypotheses 
about prehistoric technological civilisa- 
tions.” To this, as you say, Professor 
Glyn Daniel has objected in his 
Antiquity editorials. 

Please allow me, as an author on the 
subject ridiculed in your editorial, the 
privilege of a brief comment. 

You declare that alignments between 
ancient monuments are “mythical” and 
hypotheses about advanced prehistoric 
civilisations “fanciful”, although as 
editor of a scientific journal you are 
of course aware that your statement of 
opinion does not necessarily make them 
so. It is ironical that the first man to 
detect significant alignments between 
megalithic sites was your predecessor, 
Sir Norman Lockyer, editor of Nature 
for the first 50 years of its existence. In 
fact, despite the studied neglect with 
which Lockyer has been treated by 
archaeologists throughout this century, 
his main conclusions, that megalithic 
sites were inter-related and orientated 
by astronomical considerations, are now 
generally accepted, even by the editor 
of Antiquity, as the result of recent 
work by Professor Thom and other 
astro-archaeologists. The quality of 
criticism brought against Lockyer and 
his school is typified by the comment 


with which O. G. S. Crawford, a. 


former editor of Antiquity, dismissed 
the evidence of A. Watkins relating 
to the deliberate alignment of ancient 
sites: that it was “based on a mis- 
conception of primitive society.” This 
comment perfectly illustrates the de- 
termination of modern archaeologists to 
prefer the basic historical paradigms 
they have set up above any evidence 
that might contradict them. 

Personal experience shows that 
archaeologists, Professor Daniel in- 
cluded, simply refuse to review facts 
and evidence tending against current 
orthodoxy. In a book published by 
Garnstone Press early this year, The 
Old Stones of Land’s End, 1 demon- 
strated, in a way that must convince 
any reasonable person who cares to 


check the facts, the existence of 
planned megalithic alignments in West 
Cornwall. The book attracted a good 
number of local reviews but not one 
public comment by any archaeologist. 
It is therefore rather galling to read 
your account of archaeologists being 
“plagued? by theories of the inter- 
relationship of megalithic sites. Would 
not their best remedy be to attempt 
a serious refutation of the evidence 
offered them? 
Your faithfully, 
JOHN MICHELL 

11, Miles Buildings, 

Bath, Somerset, UK 


Call for biohazard legislation 


Sir~-Although Brian Ford (Nature 
August 2) refers to various Acts of 
Parliament, he makes no mention of the 
Safety and Health at Work etc. Act 
which received the Royal Assent on 
July 31. Clauses 2(2)(b) and 3(1) of the 
Act place a general duty on employers 
to protect both their workers and other 
persons from risks to health in con- 
nection with the use, handling, storage 
and transport of articles and substances; 
and under Clauses 15 and 16, the 
Secretary of State may make Regula- 
tions, or the Health and Safety Com- 
mission may prepare and issue Codes 
of Practice (or approve Codes of 
Practice prepared by others) for any of 
the general purposes of the Act. I would 
therefore suggest that no further legis- 
lation is necessary and that the way is 
clear for agreed Codes of Practice to be 
promulgated to deal with the different 
groups of organisms, as Brian Ford 
suggests. 
Yours faithfully, 
J. A. TANNAHILL 


Employment Medical Advisory. Service, 
Department of Employment, 
London, UK 


Population policy study 


Sir.--T should like to bring to the 
attention of readers of Nature a survey 
of the field of reproductive biology 
and contraceptive development spon- 
sored by the Ford e» Foundation. The 
Foundation has asked for an inventory 
of wher® we stand in terms of 
(1) knowledge concerning the repro- 


ductive process and fertitity control ande 


(2) the human and financial resources 
that dre being brought to bear on the 
matter of bringing*population growth 


within tolerable limits. For the conduct 
of this study, a headquarters has been 
established in Boston with a worldwide 
network of collaborators and con- 
sultants and an international advisory 
committee drawn from public and 
private donor agencies, universities and 
the pharmaceutical industry. 

The force that motivated this major 
study is the accumulating evidence that 
an inadequate global effort is being 
waged in this field. The illusion is that 
the pressure of more immediate bio- 
social problems supersedes the need tc 
control human fertility. The facts are 
otherwise. 

The survey was initiated in July 1973 
and is expected to be completed in 
1975. The findings will be published in 
full on completion of the survey and as 
interim reports’on special topics. 

The comments, views and opinions by 
readers of Nature concerning any or all 
aspects of this survey will be welcome 
and helpful in drafting recommenda- 


tions and guidelines for building on 


present progress in the understanding o: 
reproductive phenomena and stabilis 
ation of the global populace on a leve 
commensurate with a high quality of 
life and human dignity. 
Yours faithfully, 
Roy O. GREEP 
Laboratory of Human Reproduction 
and Reproductive Biology, 
45 Shattuck Street, 
Boston, Massachusetts 02115 


Astronomical independence 


Sir,—I write to correct John Gribbir 
who, in discussing (Nature 250, 538 
1974) the thousandth issue of. The 
Observatory, wrongly describes it as 
the house journal of the Royal Astro- 
nomical Society. His mistake is under- 
standable since The Observatory does 
by long tradition, report the proceed. 
ings of the Society’s meetings and is 
circulated to all Fellows of the 
Society. It is, however, published by 
“The Editors of “The Observatory”, 
as is clearly stated in each issue, anc 
has no official connection with the 
Society. The Editors, indeed, fiercely 
maintain their independence. 

Our house journal is The Quarterly 
Journal of the Royal Astronomica 
Society, 

Yours faithfully, 
JOHN SHAKESHAFT 
Royal Astronomical Society, 
London 
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Giant extragalactic 
radio sources 


Many of the powerful extragalactic radio sources have 
dimensions much larger than those of the active galaxies 
which have supplied the vast energies required. In the case 
of the brightest radio source for example, Cygnus A, most 
of the radio emission originates, not in the galaxy associated 
with the source, but in two symmetrically disposed regions, 
one on either side of it. The peaks of maximum radio 
brightness are located about 100 kiloparsecs (equivalent to 
310° light years) from the galaxy, the radius of which is 
only about 10 kpc. Such objects are the most common 
type of powerful extragalactic radio source found in source 
surveys although, as compared with the space density of 
ordinary galaxies, they are very rare indeed. 

Detailed radio studies of the structures of these objects 
have been made possible by the development of the large 
aperture synthesis telescopes, first at Cambridge and more 
recently in The Netherlands (the Westerbork Synthesis 
Radio Telescope, WSRT). Several hundred of the brighter 
ones have been mapped with an angular resolution of 23” 
and a smaller number with higher angular resolution, that 
of the Cambridge 5 km telescope being 2” at a wavelength 
of 6 cm. There is no detailed source model which com- 
mands universal acceptance since the radio maps have 
revealed difficulties with each of the models proposed. All 
models, however, postulate the presence of magnetic fields 
within the components to produce the synchrotron radio 
emission, and of cold intergalactic gas in the vicinity of the 
sources to account for the complex radio structures 
observed. 

Until now the maximum overall dimensions of these 
radio sources have been thought to be about 1 Mpc, which 
is the characteristic scale of clusters of galaxies rather than 
of galaxies themselves. Many radio sources are known to 
lie close to the centre of clusters of galaxies and for a 
while it has looked as if there might be a relationship 
between these two scales particularly since there is good 
evidence, from X-ray observations, for the presence of hot 
diffuse gas in clusters. If this relationship were true, how- 
ever, it would be disappointing from the cosmological point 
of view because one might have hoped to use the radio 
components of the largest double radio sources as probes of 
the diffuse intercluster gas where most of the mass of the 
Universe may well reside. 

On page 625 of this issue of Nature, Willis, Strom and 
Wilson report very interesting observations made with the 
WSRT and show that radio sources with physical sizes 
greater than I Mpc do indeed exist: the radio sources 
3C236 and DA240 are extended, with total physical sizes, 
projected on to the celestial sphere, of 5.7 and 2.0 Mpc 
respectively. Credit for drawing attention to these objects 
goes to workers at the National Radio Astronomy Observat 
tory (Bridle, Davis, Fomalont and Lequeux, Astr. J., 77, 
405: 1972) who, in a definitive survey of bright radio sources 

- 1,420. MHz, found them to lie in “confused” regions 
‘and were unable to decide whether tle radio source’ in 
close ‘proximity on the sky were physically related or 
simply chance associations of unrelated objects. In the first 
two. cases studied by Willis, Strom and Wilson, the maps 






























show | 
associated and form components of extended sig £ 


unambiguously that these sources are in 


F hesé observations are important for cosmologists co 
mic Tay p'iysicists and for the student of the physics of 





the prospect of probing the inderclaster gas and setii ag 
direct limits to the pressure of such gas. For the cosmic ray 
physicist, there is now the direct evidence that clouds. of 
cosmic ray electrons can be ejected beyond the confine: 
a cluster of galaxies in times much shorter than Ci 
logical time scales. 
For the radio source theorist, these objects. stimula 
speculations. First, nobody has ever been clear abou 
ultimate fate of a powerful double radio source. The pr 
observations suggest that in some cases the com 
expand, preserving the relativistic particles within the 
lobes, until very late stages in their evolution. Second, th 
observation of polarised radio emission from the ci 
ponents of DA240 indicates surprisingly low densities ofe 
matter inside the components. Third, and perhaps. m 
interesting, there is the observation of a compact doub 
radio source associated with the parent galaxy in the cas 
3C236. It is usually assumed that these component: : 
moving away from the nucleus of the galaxy in. oppo 
directions. The axis of this compact. double is almo 
p2rfectly aligned with the axis of the giant double sou 
components. On any theory of the extensive compone: 
the latter must be able to ‘remember’ for hundreds 
millions of years the direction in which to supply 4 
Similar phenomena have been known before—in. thi 
galaxies Centaurus A and 3C66 for example— 
is probably the clearest case yet. Observations. of yg 
forced Hargrave and Ryle to conclude that a cont 
supply of energy over tens of millions of years is essen 
if one is to account for the structure of the component. 
but present observations are evidence that a continuot 
supply of energy may occur for even longer, in the old 
sources. These new observations, and others in progress 
Westerbork, will therefore be seized upon by cosmolog 
and cosmic ray physicists, and will provide yet another link- 
in the chain of our understanding of the physical evelutign::: 
of extragalactic radio sources, ae 
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Organisation of 
Sequences of rRNA 


THaT the sequences of both 28S rRNA of the large ribosome __ 
subunit and 18S rRNA of the small subunit are con- 
tained in a single precursor has been known for some time; 
for this constitutes one of the rare cases where a syntheti 
system was defined first with eukaryotic and only later wit 
prokaryotic cells. The size of the precursor varies, in Hel 
cells it sediments at 45S, ,so that only 56% is conserved in 
the form ef mature rRNA sequences, but in Xenopus it is 
smaller (2.7 x 10° daltons instead of the mammalian 4.1 10° 
daltons) and almost 80% is conserved. The processing — 
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pathway is best defined in HeLa cells. By utilising an electro- 


phoretic analysis of nucleolar RNAs, Weinberg and Penman 
(J. molec. Biol, 47, 169-178; 1970) found that the 45S 
primary transcript is cleaved to a 41S molecule, which in 
turn is split into a 32S and a 20S RNA; the 32S molecule 
then matures into 28S rRNA and the 20S molecule matures 
into 188 rRNA. By analysing the oligonucleotides into which 
these species are broken by ribonuclease, Maden, Salim and 
Summers (Nature new Biol., 237, 5-9, 1972) confirmed that 
the 41S precursor contains both 28S and 18S sequences and 
that the 32S and 20S precursors respectively contain 
sequences of only the 28S and 18S rRNA molecules. Because 
oligonucleotides were identified by their content of labelled 
methyl groups, these experiments showed also that all the 
methyl groups added to 45S RNA are located in regions of 
the molecule destined to become mature rRNAs. 

The identification by Seeber and Busch (J. biol, Chem., 
246, 7151-7158; 1971) of common 5 terminal sequences in 
458, 32S and 28S RNAs of Novikoff hepatoma cells showed 
that the 28S rRNA sequences is located at this end of the 
precursors which contain it. The elegant analysis of RNA 
secondary structures reported by Wellauer and Dawid 
(Proc. natn. Acad. Sci. U.S.A., 70, 2827-2831. 1973) achieved 
a more precise location of ribosomal RNA sequences in the 
precursors. The 45S precursor contains a 5’ terminal struc- 
ture corresponding to 28S rRNA, with the 18S rRNA 
located within the remaining sequences; the 41S RNA 
structure is similar but lacks all the material on the 3’ side 
of the 18S sequence. The cleavage that generates 32S and 
20S precursors must take place within the central non-rRNA 
region, since 325 RNA has 5S’ terminal 28S sequence and 3’ 
terminal non-rRNA sequence; and 20S RNA has a 5 non- 
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-© TRNA sequence with 18S rRNA located 3’ terminally. 


Each ribosome contains one 5S rRNA molecule in 
addition to the major RNAs and this seems to be coded by 
genes dispersed in the genome whose transcription is inde- 
pendent of that of the main precursor. The presence of 
another small RNA was first revealed by Pene, Knight and 
Darnell (J. molec. Biol., 33, 609-623; 1968), when they 
found that denaturing treatments release a small fragment 
from 28S rRNA. Originally characterised as 7S RNA, this 
molecule must be covalently linked to 28S rRNA, and more 
accurate characterisation has led to its recent description 
as 5.88 RNA. Synthesis of 5.88 RNA seems to be linked to 
that of the large rRNAs-——kinetic experiments suggest its 
derivation by cleavage from the 32S precursor in HeLa 
cells. The sequence of the HeLa 5.88 RNA has now been 
examined by Maden and Robertson (J. molec. Biol., 87, 
227-236; 1974), who have compared the oligonucleotides 
released by T1 ribonuclease with those cleaved from the 
rRNA precursors. When 28S rRNA is prepared by cold 
phenol extraction, it retains the 5.88 fragment; but heat 
treatment separates 28S rRNA from its small attached mole- 
cule. Correspondingly, upon TI ribonuclease analysis, these 
two preparations of 28S RNA differ in the cligonucleotides 
characteristic of 5.88 RNA. One equivalent of the 5.88 RNA 
sequences is present for every equivalent of 28S RNA. 

Fingerprints of the 32S RNA precursor show that it 
possesses the oligonucleotides constituting 5.85 RNA, again 
in molar yields which suggest the presence of one 5.88 RNA 
sequence in each precursor molecule. Some evidence for the 
presence of these fragments in 45S RNA is also presented. 
Although not yet precisely placed within the precursors, the 
155 nucleotide long 5.88 RNA presumably lies between 


Multifunctional gene in a eukaryote 


On page 630 of this issue of Nature Bollon presents a 
genetical analysis of a “multifunctional” eukaryotic 
gene, threonine deaminase, concerned with both struc- 
ture and regulation. 

Working with the yeast, Saccharomyces cerevisiae, 
Bollon found that the ilv? gene not only encodes for a 
gene product that is catalytically active (that is, L- 
threonine deaminase; EC4.2.1.16) but also that the 
gene product is involved in multivalent repression of 
the other isoleucine-valine enzymes. It has thus been 
possible, by careful genetical analysis, to discriminate 
between the nucleotide sequences that encode for that 
structural (=catalytic) and regulatory (=multivalent 
repression) functions of the i/v/ gene. The advantage of 
using the yeast system, for studying regulatory pheno- 
mena, is that yeasts lend themselves well for intragenic 
complementation. Using many different ilv? mutants— 
impaired in threonine deaminase activity—intragenic 
complementation and fine structure analyses have been 
carried out. 

Goldberger (Science, 183, 810-816; 1974): Levinthal 
et al. (Nature new Biol., 246, 65-68; 1973) and Kasai 
(Nature, 249, 523-527; 1974) have provided excellent 
background information about gene regulation. The 
first suggestion of an enzyme participating in its own 
regulation—by repression—was made by Vogel (in The 
Chemical Basis of Heredity, edit. by McElroy and Glass, 
Johns Hopkins Press, Baltimore 1957, page 276); it is 
also pertinent to note that the yeast system deweloped 
by Bollon and Magee (Proc. natn. Acad. Sci. U.S.A., 
68, 2169-2173; 1971; J. Bact., 113, 1333-1344: 1973) 
offered the first evidence ine vivo for the regulatory 
role of threonine deaminase, or for some farm of the 


ilvi gene as Bollon shows in this issue. Of course, 
Umbarger and his many colleagues, as well as Hat- 
field’s group, have provided a vivid picture of the role 
of ilvA (which specifies threonine deaminase) in multi- 
valent repression in bacteria. 

Although the i/v/ gene product in yeast seems to be 
involved in multivalent repression, other elements are 
involved too. As already mentioned, Bollon and Magee 
noted that the involvement of leucine in multivalent 
repression may be unique (compare Levinthal er al., 
1973) and they suggest that leucine may function in 
repression by way of leucyl-tRNA; thus the ilv/ gene 
product may be only one component of the multi- 
valent machinery. One vital feature of the yeast work 
which may have been overlooked is that the genes 
specifying its various isoleucine—valine enzymes are 
found on different chromosomes (compare ilvADE, 
ilvB and ilvC in Escherichia coli). 

The principal points of Bollon’s work can be sum- 
marised as follows: 

@ A multifunctional gene (i/v/) has been analysed in 
detail in a eukaryotic organism for the first time. 
‘@ The ilv] product, threonine deaminase, catalyses the 
conversion of L-threonine-a-ketobutyrate in yeast. 
@ The regulatory role of the ilv? gene product is con- 
sidered a positive effector for the derepression of the 
isoleucine-valine enzymes. 
@ Thus i/v/ is truly ‘multifunctional’ with catalytic 
and regulatory parts being played by threonine deam- 
inase. 
@ .Intracistronic giscrimination denoting the catalytic 
and regulatory functions of ilv/ is presented. 

GERARD A. O’DONOVAN 
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the 28S and the 18S sequences, and the 
5’ side of the point where cleavage 
takes place later to generate 328 RNA. 
The single methyl group present in 5.88 
RNA is also present in 32S and 45S 
precursor RNAs; this is consistent with 
the idea that methylation is confined to 
rRNA sequences in the precursors. Fur- 
thermore, two other sites of modifica- 
tion contain pseudouridine; it is not yet 
confirmed that the modification is intro- 
duced into the precursor, although this 
seems likely. Modification at one of 
these sites may be incomplete. Future 
determination of whether the 5.88 se- 
quence is contiguous with the 28S 
sequence in the precursor, or whether 
there is a space between them corres- 
ponding to a non-rRNA sequence, may 
help to decide upon models for pro- 
cessing and the possible implication of 
secondary structures or particular 
nucleotide sequences. Whether the 5.8S 
RNA sequence is noncovalently bonded 
to the 285 sequence in the precursor or 
takes up this association after matura- 
tion is another relevant question. 
Another approach to defining the 
organisation and synthesis of RNA 
sequences is to describe their location 
in the genome. By hybridising Xenopus 
DNA with 5.88 RNA, Speirs and Birn- 
steil (J. molec. Biol., 87, 237-256; 1974) 
found that the relationship of 5.8S to 
28S and 18S sequences seems to be 


similar to that in HeLa cells. When 
Xenopus DNA is fractionated, the 


rDNA containing the sequences coding 
for 28S and 18S rRNAs can be sepera- 
ted from the bulk of the genome by 
its distinct content of G-C base pairs, 
a technique used some time ago by 
Brown and Weber (J. molec. Biol., 34, 
681-698, 1968 and Birnsteil et al. 
(Nature, 219, 454-463; 1968) to show 
that 28S and 18S sequences alternate 
and each pair is separated from the 
next by a spacer. Speirs and Birnsteil 
find that the fraction of a density 
gradient hybridising with 5.88 forms 
a satellite with the density characteristic 
of rDNA. The conclusion that 5.88 
coding sequences are interspersed with 
28S and 18S sequences is suggested 
also by their observation that the 
anucleolate mutant of Xenopus (which 
lacks both the 28S and 18S genes) does 
not synthesise 5.88 RNA; nor does 5.8S 
RNA hybridise with DNA extracted 
from mutant cells. 

Because DNA~RNA hybrids have a 
buoyant density different from that of 
denatured DNA, the extent of the den- 
sity shift when DNA fragments are 
annealed with rRNA reveals the pro- 
portion of the fragment complemen- 
tary to RNA. And in linkage experi- 
ments, the DNA hybridising with one | 
rRNA can be tested for its ability to® 
hybridise with the other. By using 
DNA fragments of different lengths, it 
is possible to follow the organisation 


of sequences in DNA that code for 
these RNAs. Extending the previous 
experiments of this nature with 28S and 
I8S rRNA to 5.88 RNA, Speirs and 
Birnsteil observed a small density shift 
when DNA fragments of 8 and 3 times 
its length are hybridised with 5.88 RNA 
—the low density shift implies that 5.88 
coding sequences are interspersed with 
other sequences rather than clustered 
together. Linkage experiments show 
that prehybridisation with 28S or 18S 
rRNA induces a large shift in the den- 
sity of the fragments hybridising with 
5.88 RNA; 18S rRNA causes a smaller 
shift than 28S rRNA, so that the 5.88 
sequence must be closely linked to the 
28S sequence and less closely related 
to the 18S sequence. Taken together 
with the analysis of HeLa rRNA pre- 
cursors, these results suggest that the 
5.8S sequence lies between the 28S and 
I8S sequences in the genome. The 
model which Speirs and Birnsteil pre- 
sent for the rRNA sequences in the 
genome postulates a small separation 
between the 3’ end of the 28S sequence 
and the 5’ end of the 5.88 sequence, 
with another separation between the 
5.88 and 18S sequences. 

The role of the ‘transcribed spacer’ 
regions which separate the sequences 
constituting the mature rRNAs is not 
clear; it is tempting to speculate, how- 
ever, that it is concerned with folding 
of the rRNA regions or their inter- 
actions with proteins during matura- 
tion. Perhaps against this model is the 
observation that the mature RNA 
sequences are very similar in length in, 
for example, Xenopus and HeLa cell, 
but the nontranscribed spacer lengths 
are very different. And in Escherichia 
coli, although the bacterial precur- 
sors are only slightly larger than the 
mature RNA molecules, ribosome as- 
sembly seems to take place perfectly 
well with isolated 23S and 16S rRNAs. 
A second type of spacer, the ‘nontran- 
scribed spacer’, separates the precursor- 
coding sequences in nucleolar DNA and 
its function also is obscure, although 
recent experiments encourage the specu- 
lation that these sequences may in some 
way be concerned with the maintenance 
of identity in all the repeated rRNA 
sequences in the genome. 

BENJAMIN LEWIN 


New 30S ribosomal 
assembly map 


from a Correspondent 


THe updated version of, Nomura’s 
Escherichia coli 30S ribosomal 
“assembly map” (Held, Ballou, Mizu- 
shima and N&mura, J. biol Chem., 249, 
3103; 1974) raises two interesting points. 
First, of course, ¿the additions to the 
map are themselves important, particu- 


































larly the inclusion of protein $12, which 
was absent from the original map 
(Mizushima and Nomura, Nature, 226,- 
1214; 1970) and which is now receiving — 
more and more attention (see for review 
Pongs, Nierhaus, Erdmann and Witt- 
mann, FEBS Lett., 40 Suppl., 28; 1974). 
The role of S12 in the streptomycin 
effect has been widely investigated, and 
although mutations in S12. confer 
streptomycin resistance (see, for ex- 
ample, Ozaki, Mizushima and Nomura, 
Nature, 222, 333: 1969), it seems that: 
proteins $3 and S5 are the ones which | 
actually bind the antibiotic (Schreiner 
and Nierhaus, J. molec. Biol, 81, Thy | 
1973). Furthermore, revertant mutants 
from streptomycin dependence to in- 
dependence show alterations in proteins 
S4 and $5 (Hasenbank, Guthrie, 
St6tfer, Wittmann, Rosen and Apiri 
Molec. gen. Genet., 127, 1; 1973). F 
suggests a strong relationship betwee 
proteins S5 and S12, and it is therefor 
gratifying to find an interaction betwee 
these two proteins in the new assembl 
map. 

Second, there is the question of which | 
proteins are RNA-binding. The evi- 
dence presented by Held eż al. that S17 
(which now incidentally has become a 
separate entity from S16, the two pro- | 
teins being treated as one in the original : 
assembly map) can specifically bind 
16S RNA under reconstitution ¢ 
ditions is convincing. But in view of th 
controversy (discussed in detail by Hel 
et al.) which has occurred over this 
protein and also S13, it is perhaps 
worthwhile to consider precisely what 
the term ‘RNA-binding protein’ means. 
The term normally defines proteins 
which can bind singly to ribosomal 
RNA under reconstitution conditions, 
The reconstitution buffer is necessary to 
obtain a specific interaction, but it must 
be remembered that this is a high salt 
buffer which reduces electrostatic inter- | 
actions. This has the effect not only of 
preventing non-specific interactions, but 
also of weakening the specific RNA- 
protein interaction. Held er al. say that 
“it is conceivable that proteins other 
than the initial binding proteins also 
interact with 16S RNA in the finished 
ribosome structure”. Perhaps it would ue 
be more appropriate to say that (ina co 

particle which is two-thirds RNA, and 

whose proteins are almost all basic) it is 
almost inconceivable that other pro- 
teins do not interact with the RNA in 
the final structure. 

This has of course been suggested 
already (see, for example, Lutter, Bode, 
Kurland and Stdffler, Molec. gen. 
Genet., 129, 167; 1974), although few © 
people would go as far as Cox and — 
Bonanou (Biochem. J., 114, 769; 1969) - 
in arranging all the proteins in neat. 
rows with identical RNA environments. 
It seems likely that the conclusion will 
be that in physiological salt conditions 
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the proteins have a widely varied but 
positive interaction with the RNA, 
with no sharp distinction between 
“binding” and “non-binding” proteins; 
the very existence of the controversy 
over the specificity of S17 and S13 
binding supports this view. 


Organic pollutants 
in the sea 


from a Correspondent 


THE requirements of industry and of 
agricultural practice have in recent 
years greatly enlarged the search for 
and use of a variety of classes of or- 
ganic compounds which in large quanti- 
ties eventually reach the sea. The 
nature, origin, dispersal persistence and 
fate of some of the more commonly 
-= occurring, pollutants including halo- 
genated hydrocarbons, organic heavy 
metal compounds and crude oils were 
. reviewed at a discussion meeting or- 
ganised by the Royal Society on July 
4-5, 

N. S. Thom and A. R. Agg (Water 
Research Centre, Stevenage) cited more 
than 200 substances believed to be sig- 
nificant pollutants of water in the Uni- 
ted Kingdom, and C. R. Pearson and 
G. D. McConnell (CI Ltd, Brixham 
and Runcorn) reviewed a range of in- 
dustrial hydrocarbons in widespread 
use. It seemed from the papers of E. 
D. Goldberg (Scripps Institution, La 
Jolla) and J. E. Portmann (Fisheries 
Laboratory, Burnham-on-Crouch) that 
although the input of both DDT and 
dieldrin into the oceans of the northern 
hemisphere may have passed its peak, 
the output is increasing in the equa- 
torial regions and southern hemisphere 
and world production of organochlor- 
ine pesticides is increasing. Although, 
as Pearson and McConnell pointed out, 
the many kinds of chlorinated hydro- 
carbons derived from G, and C: hydro- 
-carbons used as intermediates in fur- 
ther manufacture or as solvents and 
carriers are not unexpectedly dispersed 
to the sea substantially through the 
atmosphere, heavier synthetic halo- 
genated hydrocarbons such as PCBs 
and DDT residues may similarly be 
transported as gas molecules or ad- 
sorbed on airborne dust. Goldberg and 
Portmann each suggested a 25% trans- 
ference to the oceans by these means. 

Within the sea persistence of organic 
pollutants varies greatly according to 
their chemical stability, susceptibility to 
biodegradation and the routes and ter- 
minal situations of their passage. Half 
lives varying from a few hours (for 
example, CCI.) to days or weeks (EDC 
tars deriving from vinyl chloride, pro- 
duction) to years (for example, PCBs. 
DDT,. aromatic compounds of high 
carbon number) were cited by S. Jen- 





sen (Wallenberg Laboratory, Stock- 
holm), R. Lange (Odense University) 
and E. D. S. Corner (Marine Biologi- 
cal Association, Plymouth) among other 
speakers as examples of varying per- 
sistence. 

G. Eglinton (University of Bristol) 
showed a film demonstrating a newly 
developed computerised gas chroma- 
tography-mass spectrometry system 
used for the determination and assay of 
pollutants in coastal muds, a system 
which may prove to be useful also in 
determining the natural occurrence of 
organic compounds in muds deposited 
in pre-industrial times. 

The uptake of organic pollutants 
by marine organisms and their levels 
of occurence and sites of accumulation 
were discussed by several speakers. 
Their differential absorption by lipids 
was stressed and Portmann made the 
point that although many measure- 
ments had been made of the concen- 
trations of the more persistent com- 
pounds in a variety of organisms of the 
higher trophic levels, littl was known 
of transfers at lower trophic levels, 
for example in the grazing of phyto- 
plankton by zooplanktants. Corner 
gave an account of work in progress 
on the utilisation, tranformation and 
breakdown of fossil fuel hydrocarbons 
by marine crustaceans, a subject of 
particular interest in studies of the 
effects of oil spills. D. E. Hughes and 
P. McKenzie (University College, Car- 
diff) reported laboratory and field ex- 
periments indicating that about 40-90% 
of oil may be degraded by microbial 
attack; alkanes and other saturated 
compounds are more readily degraded 
than aromatic and heterocyclic com- 
pounds. A. J. Van Benekom (Nether- 
lands Institute for Sea Research, Texel) 
reported on some consequences of dis- 
charges from the Rhine on the chem- 
istry and plankton production of 
coastal water of the Southern Bight 
of the North Sea. Diatom growth was 
at times inhibited and the general level 
of production was unusually low and 
subject to irregular peaks. Blooms of 
Phaeocystis and possibly other toxic 
flagellates seemed to be favoured by 
these conditions. 


New model of 
lunar interior 


from Peter J. Smith 


ACCORDING to Toksöz et al. (Science, 
176, 1012; 1972), the Moon has a 50- 
60 km thigk crust in the eastern part 
of Oceanus Procellarum; and Naka- 
mura ef al. (Science, 181, 49: 1973) 
concluded that the deep Junar interior 
below a depth of about 1,000 km is 
probably partially molten. But what 
is the state of the Moon between these 









two extremes, in the mantle which 
accounts for the major part of the 
lunar volume? The complete answer to 
this question is not yet available, al- 
though Nakamura er al. (Geophys. Res. 
Lett., 1, 137; 1974) have now moved 
some way towards it in reporting new 
seismic data from the four Apollo 
seismic stations still in operation. 

Nakamura and his coHeagues lave 
attempted to determine both P and S 
wave velocities throughout the lunar 
mantle from large meteoroid impacts, 
high frequency teleseismic events and 
deep moonquakes. The observed P 
wave velocity shows a systematic varia- 
tion with epicentral distance, indicat- 
ing that the subcrustal region cannot 
have a constant velocity. For example, 
P wave arrival times at distances 
greater than 70° are delayed by 10 s 
with respect to those expected from 
data at shorter ranges—an offset which 
could arise from a negative velocity 
gradient in the upper few hundred kilo- 
metres of the mantle, from a small 
stepwise decrease in velocity at a depth 
of the few hundred kilometres, or from 
a combination of the two. 

For a negative velocity gradient, the 
travel-time curve would be continuous 
between 50° and 70°; and on this as- 
sumption, Nakamura ef al calculate 
that the P wave velocity would decrease 
from about 8.1 km s` at the top of 
the mantle to about 7.8 km s` at a 
depth of about 500 km, followed by a 
slight increase. For a stepwise decrease, 
the travel-time curve would be dis- 
continuous with a shadow zone some- 
where between 50° and 70°: and cal- 
culations put the minimum depth of 
the step at 200-300 km and its velocity 
contrast at 0.3 km s"'. For a combina- 
tion situation, the velocity gradient and 
velocity contrast would be smaller than 
those I have given. Unfortunately, the 
available data are too uncertain to en- 
able a decision to be made about which 
of the three cases actually obtains, al- 
though Nakamura and his colleagues 
seem to favour the combination. 

More certain (though based on a 
single data point) is a very large delay 
in P wave arrival at 168° which, if 
subsequently confirmed, would suggest 
that the Moon has a low velocity core. 
The present data put a limit of 170- 
360 km on the radius of such a core 
and a limit of 3.7-5.1 km s™ on its 
P wave velocity. Also conspicuous is 
the near linearity of the S wave travel- 
time curve beyond distances of 90°, in- 
dicating a large, and apparently increas- 
ing, delay of S wave arrivals relative to 
P wave arrivals at greater distances. 
Possible explanations involve one or 
more of the following effects: refrac- 
tion of waves by a large negative. vel- 
ocity gradient at about 300 km depth, 
diffraction of waves around a discon- 
tinuity at this depth, or penetration of 


É of 3.8+0.2 km s` 
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waves into a lower velocity zone below. 
In fact, calculations suggest that the 
S wave velocity decreases from about 
4.7 kms at the top of the mantle to 
about 4.4 km s™ at 300 km, followed 
by a more rapid decrease to a value 
Below 800 km, S 
waves are highly attenuated. 

From these and other results, the 
most up-to-date picture of the lunar 
interior is then as follows: 
@ Zone 1: crust. This uppermost zone 
is 50-60 km thick in the region of the 
Apollo 12 and 14 stations and has 
seismic velocities consistent with plagi- 
oclase-rich material. The top few hun- 
dred metres is highly pulverised. 

@ Zone 2: upper mantle. This zone 
is about 250 km thick and has a P wave 
velocity of about 8.1 km s` which 
probably decreases slightly with depth. 
The seismic data are consistent with 
mineral assemblages comprising oli- 
vines (mostly) and pyroxenes (partly). 
The temperature gradient at the top 
of this zone is calculated to be 2-5 °C 
km". 

@ Zone 3: middle mantle. This is a 
zone with reduced S wave velocity and 
extends from 300 km to 800 km. Deep 
moonquakes occur at the base of it. 
@ Zone 4: lower mantle. This zone 
below 800 km is marked by high S 
wave attenuation and is possibly par- 
tially molten (as the terrestrial astheno- 
sphere). 
® Zone 5: core. This zone has a 
radius of 170-360 km and is marked by 
a greatly reduced P wave velocity. 
Molten? 


Microclimate of 
open shade habitat 


from Peter D. Moore 

EXTREME habitats and the morpho- 
logical and physiological adaptations 
necessary for life within them have 
always been more popular topics for 
study than have moderate conditions. 
It is becoming apparent, however, that 
immediate habitats, or ecotones, often 
have interesting attributes which make 
them worthy of special attention. An 
example of such a situation is provided 
by the study of open and shaded 
habitats. 

For many years it has been conven- 
tional to classify plants into sun- 
demanding (heliophytes) and shade- 
requiring (sciophytes), and a great deal 
of research has been carried out both 
upon the physiological adaptation of 
these plants (for example, Bjérkman 
and Holmgren, Physiologia PI, 16, 
889; 1963; Björkman, ibid., 19, 854: 
1966) and upon the light climates of 
shade habitats (for example, Anderson,® 
in Plant Photosynthetic Production, 
edit. by Sestak, Catsky and Jarvis, 
Junk, The Hague, 1971). Little atten- 


tion, however, has been given to inter- 
mediate situations, which can be 
termed ‘open shade’. 

A study of the open shade habitat 
from the microclimatic point of view 
has now been made by Stoutjesdijk 
(Acta bot. neerl., 23, 125; 1974). Sur- 
face temperatures on the north side of 
a patch of hawthorn (Crataegus mono- 


gyna) scrub in a Dutch sand-dune. sys- 


tem were found to be as much as 10° C 
below those of ambient air. Although 
surfaces temperatures above ambient 
are commonplace, to find surfaces con- 
siderably below ambient at midday is 
extremely unusual and can only be 
explained in terms of the overall 
energy balance in these situations. At 
11.30 h on a bright day in September, 
Stoutjesdijk found the surface tem- 
perature to be 9.1° C whereas ambient 
air was 15° C. Incoming radiant energy 
was in the form of diffuse solar radia- 
tion (0.1 cal cm™*’ min”) and long wave 
radiation from the sky (0.395 cal cm”? 
min’). Radiant energy loss was 
accounted for by reflection (0.01 cal 
cm™* min`’) and by long wave radiation 
(0.523 cal cem™ min`). The net out- 
come of this situation is negative 
energy balance of -—-0.038 cal cm™’ 
min’, this being largely the result of 
the high long-wave radiation losses. 
The negative radiation budget is rather 
weak, however, and cannot fully 
account for the low surface tempera- 
ture. The true energy budget is more 
strongly negative because of latent 
heat losses from the surface during the 
evaporation of dew; this explains the 
low surface temperatures. 

This type of energy balance situa- 
tion can occur only in open shade, for 
only here are long-wave losses large in 
comparison with gains and evaporation 
can take place at a rate sufficient to 
maintain high latent heat losses. Sur- 
face temperatures were found to be 
below ambient in daytime throughout 
the year, but differences were least in 
June and July (shading effects dimi- 
nished) and greatest in late summer 
(strong shading and considerable dew 
formation). 

Some work has been carried out on 
the influences of leaf canopies upon 
the spectral quality of light, but most 
of this has been concentrated on fairly 
dense canopies (see, for example, 
Federer and Tanner, Ecology, 47, 555; 
1966; Daynard, Can. J. Bot., 47, 1989: 
1969: Acta bot. neerl., 21, 185: 1972). 
These studies have shown that the rate 
of visible to far-red radiation decreases 
considerably as Shading increases. Mea- 
surements by Stoutjesdijk jn his open 
shade habitat showed that there was a 
far better penetration of photo- 
synthetically” usable light (<700 nm) 
than in the deep shade beneagh haw- 
thorn scrub. A 

Open shade habitats, then, provide 
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an interesting combination of physical 
conditions—low daytime temperatures 
(with consequent high-relative humidi- 
ties) and moderate photosynthetically- 
effective light levels. Undoubtedly some 
plant species characteristic of open 
shade habitats, such as, for example, 
Mnium undulatum, Rhytidiadelphus 
triquetrus, find such conditions to their 
liking. Some anomalous plant distribu- 
tions may also be explicable in terms 
of this unusual combination of micro- 
climatic factors. For example, it may > 
be that the steep, north facing scarp 
slopes of the South Downs provide a 
similar microclimatic habitat to Stout- 
jesdijk’s ‘open shade’. In which case it 
might explain the persistence in such 
situations of montane bryophyte spe- 
cies, such as Rhacomitrium dlanu- 


ginosum, which are known to require 


high humidities, fairly low tempera- 
tures and moderately high light inten- 
sities for their survival. 


Nature of 
Hoag’s object 
by John Gribbin 


It is now nearly a quarter of a century 
since Hoag discovered a remarkable 
astronomical object which appeared 
to be a “perfect halo” surrounding a 
diffuse nucleus. But only now is Hoag’s _ 
object, as it has come to be known, . 
receiving the attention which its peculi- _ 
arity merits. According to O’Connell, 
Scargle and Sargent (Astrophys. J., 191, 
61-62: 1974) the object is certainly 
worth investigating and “one of the 
more exotic possible interpretations” 
is that the ring is the image of a back- 
ground galaxy produced by a gravita- 
tional lens effect. 

Hoag’s object is clearly visible on Sky 
Survey prints (at a= 15 h 15.0 min; .. 
5==+21° 46’) but it has not previously 


been studied in detail. The core of the = 


object is a fuzzy circle 6” in diameter, 
and the surrounding blue ring or an- 
nulus has inner diameter 28” and 
outer diameter 45” with an axial ratio 
of 0.93+0.05. The ring is structureless, 
and there is no sign of connecting 
material bridging the gap between core 
and annulus. 

In the study now reported by O’Con- 
nell er al. new information has been 
obtained from spectrograms taken with 
the 200-inch telescope and the Lick 
120-inch. The observed redshift of 
12,740 km s"' and an assumed Hubble 
constant of 75 km s`’ Mpc imply a 
distance of 170 Mpc, corresponding 
to a linear diameter of 5 kpc for the 
core and inner and outer radii of 23 
kpc and 37 kpc for the ring. 

Almost all of the properties of the. 
core seem to be in line with those ex- 
pected for compact galaxies, but there 
seems little doubt that the ring is ‘‘an 























independent structural component... . 
and not simply the unobscured rim of 
a normal SO disk”. Several other simi- 
lar systems are known, and O’Connell 
er al. cite the examples of NGC6028, 
NGC2859 and 1C5285. “There is no 
reason to suppose that radiation from 
these rings is anything ‘other than dir- 
ect starlight”, and in the case of Hoag’s 
object the radiation certainly cannot 
be reflected light from the core, since 
the ring is “at least” as luminous as 
the core. 

The interpretation which seems to be 
favoured by O'Connell et al. involves 
gravitational encounters between gal- 
axies which could initiate star forma- 
tion in “trapped” rings; they point 
out that a pair of galaxies near Hoag’s 
object on the sky could, if they are 
at the same distance as the object, 
have passed by it 10° to 10° yr ago, just 
right to account for the apparent age 
of the stars in the ring. 


Merokeratins 


from Peter Speakman 

Woot is a mixture of about 100 differ- 
ent proteins, but Haylett’s group in 
South Africa have been able to purify 
several proteins with a high cysteine 
content and to show homologies in their 
amino acid sequences. Argument 1s 
now over whether these proteins have 
evolved from a repeating penta- or 
deca-peptide (Swart and Parris, Nature, 
249, 580, 1974). Lindley and Cranston 
have pointed out that because of the 
heterogeneity of proteins a new experi- 
mental approach is needed to supple- 
ment sequence studies in order to 
study the pattern of disulphide cross- 
links between proteins as they are 
arranged together in the fibre (Biochem. 
J., 139, 515; 1974). 

Protein fragments which are -very 
similar in molecular weight, dimensions 
and a@-helix content have been prepared 
from mammalian epidermal keratin and 
from reduced wool by partial proteoly- 
sis, the method which was used to pre- 
pare the meromyosins and more 
recently, myosin subfragments 1 and 2. 
A sharp low-angle X-ray diffraction 
pattern from oriented films of the wool 
fragment showed that it could aggregate 
in a specific way into long, thin 
assemblies. These fragments from epi- 
dermis and reduced wool may be in the 
native conformation: and so studies of 
their internal structure and dimensions 
in solution and investigations of their 
specific aggregates, are beginning to 
give information about the conforma- 
tion of the protein chains within the 
keratin macromolecular components, 
and about the mutual positions of the 
macromolecules in the fibre or tissue. 
Analogous studies of dissolved muscle 
proteins and their modes of aggrega- 
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tion, and of tropecollagen and its poly- 
morphic aggregates have contributed to 
a very detailed understanding of muscle 
and connective tissue structure. 

The small-angle X-ray diffraction 
pattern published from the CSIRO 
Division of Protein Chemistry in Mel- 
bourne shows that a wool keratin frag- 
ment can be made to form specific 
aggregates which are about 200 A in 
diameter and greater than 2,000 A long, 
with a longitudinal repeat of 160 A 
(Suzuki er al., J. molec. Biol., 73, 275; 
1973), The method of preparing the 
fragment is interesting and relevant. 
Wool proteins are dissolved by reduc- 
tion in a solution of a denaturing agent 
(8M urea). The thiol groups are blocked 
by reaction with iodoacetate ions, and 
the urea is removed by dialysis. The 
proteins (SCMKA) with a smaller pro- 
portion of cysteine residues and a higher 
e-helix content than the original wool 
are separated by fractional precipitation 
and purified by chromatography. 

It is clear that some refolding of the 
SCMKA proteins, into conformations 
which are not completely flexible, takes 
place when the urea is removed, because 
a fairly large protein fragment (as well 
as small peptides) is produced when the 
SCMKA proteins are treated briefly 
with chymotrypsin. The fragment has a 
molecular weight of 41,000, a length of 
170-200 A measured in solution or 160 
A in the electron microscope, and a 
diameter of 20 A. It has a higher a-helix 
content (80°) than the original 
SCMKA proteins (50°,) and it is be- 
lieved to consist of three chains 
(Crewther and Harrap, J. biol. Chem., 
242, 4310; 1967; Dobb er al., J. Textile 
Inst., 64, 374. 1973). A similar wool 
fragment has been prepared without 
using a denaturing agent (Hilburn et al., 
Biochim. biophys. Acta, 214, 245; 1970; 
Dilley et al, Abstracts, British Bio- 
physical Society Meeting, Leeds, April 
1971). If wool is reduced at pH 10 
(which itself may cause some denatura- 
tion) and treated with trypsin, a rod- 
shaped fragment, 200 A long and 20 A 
wide, molecular weight $5,000, with a 
higher a-helix content (64%) and a 
lower cysteine content than the original 
woal, can be separated from the digest. 

An analogous fragment prepared by 
partial proteolysis of epidermal keratin 
protein is reported from Matoltsy’s 
laboratory (Skerrow ef al, J. biol. 
Chem., 248, 4820; 1973). It is not neces- 
sary to reduce disulphide crosslinks in 
order to extract protein from mam- 
malian epidermis but a high or low pH 
is needed (in this case pH 2.6), which 
may againg cause some denaturation. 
The solution of epidermal protein in 
acid buffer is added dropwise to a tryp- 
sin solution maintained af pH 8.8, and 
a protein fragment can be separated 
from the digest, length 200 A, molecular 
weight 46,000, which is 83% a-helical. 





Polyacrylamide gel electrophoresis in 
denaturing conditions showed that the 
fragment consisted of three chains 
with approximately similar molecular 
weights. 

The protein chains of SCMKA were 
denatured during the preparation, and 
therefore information about the struc- 
ture of wool can only be inferred from 
the structure of the SCMKA proteolytic 
fragment, and from the mutual arrange- 
ment of the fragments in the specific 
aggregate, if partial or exact renatura- 
tion occurred when the denaturant was 
removed. Similarly, the other wool frag- 
ment and the epidermal protein frag- 
ment have been exposed to pH values 
which might cause denaturation, On 
the other hand, the similarity between 
the three fragments strongly suggests 
that undenatured or accurately re- 
natured parts of the keratin structure 
have been prepared in these experi- 
ments. Their compositions and a@-helix 
contents imply that they originate in 
the wool protofibril and the epidermal 
protofilament, but the low yield in each 
preparation (for example, less than 10% 
in the case of the wool fragment pre- 
pared without a denaturing agent) 
means that they may not represent the 
whole of these structures. 

This work will encourage attempts to 
dissolve native proteins from epidermis 
or reduced wool without the use of 
proteolytic enzymes or denaturing 
agents, and the study of their structure 
in solution. Fairly extreme conditions 
of pH or temperature dissolve large 
quantities of keratin proteins but they 
may cause denaturation. Milder con- 
ditions are less likely to cause de- 
naturation, but smaller amounts of 
protein dissolve and it may not be clear 
whether they are minor components or 
partly soluble major components. In 
both cases, even if the protein has a 
definite conformation in solution this 
will not necessarily be identical to the 
conformation adopted by the same pro- 
tein in the fibre or tissue. A similar 
problem arose in collagen research in 
the 1950s. Acid or neutral buffer solu- 
tions will only dissolve small amounts 
of tropocollagen from calf skin, for 
example, but it was possible to show 
that the conformation of the protein 
chains in dissolved tropocollagen is the 
same as in intact connective tissue. The 
length of the tropocollagen molecule 
measured in solution was shown to be 
consistent with the dimensions of one 
of its specfic aggregates (SLS) in the 
electron microscope; and the mutual 
arrangement of the tropocollagen mole- 
cules in another specific aggregate 
(quarter-stagger) was deciphered, and 


esnown to be very similar to the arrange- 


ment in connective tissue. Experiments 
with the native fibrous protein in solu- 
tion, and research with intact tissue 
dramatically confirmed each other. 
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3C236, DA240; the largest radio sources known 


A. G. Willis, R. G. Strom and A. S. Wilson 


Sterrewacht, Leiden, The Netherlands 





A high resolution study has been made of faint and 
very extensive radio components associated with the 
galaxies 3C236 and DA240. Their respective linear 
dimensions of 5.7 Mpc and 2 Mpc are without pre- 
cedent. Their properties are compared with those of 
other radio galaxies and the consequences for present 
models of the evolution of these objects are briefly 
discussed, 


Sereen 


Ir is important for several reasons to determine the 
maximum size to which a radio source may evolve. First, 
the relativistic electrons in the radio components will 
suffer unavoidable energy losses by various processes as 
they move away from the associated optical object’. 
These losses are likely to be severe for very old or large 
sources and it may be that the study of such objects will 
allow a choice to be made between the various modes of 
energy replenishment that have been suggested’, Second, 
these sources might serve as probes of the intergalactic 
medium, for their structure is likely to be strongly in- 
fluenced by it. Finally, radio components of large angular 
size can be mapped in detail to obtain much needed clues 
as to the physical processes occurring in them. 

So we felt it essential to ascertain whether the apparent 
upper cutoff in radio source sizes at about 1 Mpe (refs 3, 
4) is a real effect or largely a consequence of observational 
selection. We have begun a programme of observation at 
a wavelength of 49 cm with the Westerbork Synthesis 
Radio Telescope (WSRT) to search for very large sources 
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which had not been recognised as such in earlier observa- 
tions. Such a search requires a telescope with good sensi- 
tivity, as well as a resolving power sufficient to both 
delineate the extent of large objects and reliably separate 
them from unrelated confusing sources. A telescope is 
most sensitive to extended emission at long wavelengths 
because of its greater beam area and the non-thermal 
spectra of the radio sources. The effective sensitivity of 
existing single dishes can be increased only marginally by 
observing at longer wavelengths because of the severe 
limitations imposed by confusion. S 

With an aperture synthesis instrument like the WSRT, 
however, we can take full advantage of the improvement 
expected from a lowering of the frequency. A change in 
observing wavelength from 21 cm to 49 cm renders the 
instrument ten times more sensitive to typical radio emis- 
sion distributed over several synthesised beams. Confusion 
remains tolerable, with an average of one detectable 
source in about 200 beam areas, while the twenty base- 
lines simultaneously obtained ensure a low level of 
‘grating response confusion’, 


Source selection and first results 


We have selected for study a number of confused regions 
listed in the catalogue of Bridle er al*. Observing with 10’ 
resolution at 21 cm, they were unable to decide whether 
the objects were composed of physically associated com- 
ponents, or unrelated sources. Here we report our first 
results; the sources 3C236 (1003+35) and DA240 
(0744+55) are huge radio galaxies having overall sizes 


Fig. 1 Contour map of 3C236 
: at 49 cm. The field centre, at RA 
10 h 04 min, Dec. 35° 00’, is 
marked by a cross. The dashed 
contour is at a level of —7.5 mJy 
and continuous contours are 
me plotted at intervals of 5 mJy per 

9 synthesised beam area from 5 
_ mJy to 20 mJy, 10 mJy from 

20 mJy to 100 mJy, and 50 mJy 
from 100 mJy to 350 mJy. Con- 
tinuous contours at the 500, 
1.500, 3,000 and 4,500 mJy level 
- are also plotted. Stripes extending 
approximately north-south from 

s the central intense source are due 
to instrumental effects as dis- 

— cussed in the text. The three 
black ellipses represent intense 
background sources, the effects 
of which have been removed 

from the máp. 
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Table 1 Observations of 3C236 and DA240 





3C236 DA240 
Observation length (half days) l Zz 
No. of spacings, increment (m) 20, 72 40, 36 
Synthesised half-power beamwidth (a x8) 577 x 99” 57” x69” 
Grating ring radius (a xô) 24’ «x 4h’ AT’ x §7’ 
R.m.s. noise (mJy) rw 5 mw 1.0 
Primary beam pattern half-power width 82’ 





of 5.7 and 2.0 Mpc respectively (assuming Hubble’s con- 
stant Hy=50 km s Mpc and an Einstein~de Sitter 
cosmology). 

Early interferometric observations? indicated that most 
of the emission from 3C236 was contained within a very 
compact source <3” in extent. Wilkinson’ resolved this 
source with a baseline of 112,300 A at 1,423 MHz and 
found that two unresolved components separated by 1” 
in position angle 119° gave the best model fit to his data. 
Wyndham’ identified the source with a 16 mag elliptical 
galaxy. Examination of the Palomar Sky Survey (PSS) 
prints yields no evidence that the galaxy is in a cluster. 
Only a few 19 mag objects are visible nearby, and another 
16 mag elliptical is present some 4’ to the north-east. 
Sandage’ measured a redshift z=0.0988 for 3C236 based 
on a single emission line identified with [O H] A 3727. His 
accurate photometric data’’ showed that 3C236 lies very 
close to the line of best fit in the Hubble diagram for 
radio galaxies. Bridle et al.* found two radio components 
separated by 34° straddling the compact source. They 
pointed out that if all the radio emission were associated, 
the overall size could be as great as 8 Mpc. 

The source DA240 was resolved by Bridle et al. into a 
double whose components were extended and separated 
by 17’. Caswell and Wills" identified 4C56.16, the stronger 
eastern component, with a 15 mag galaxy, number 9-13-66 
in the catalogue of Vorontsov-Velyaminov and Arhipova” 
(hereafter referred to as V-V). This galaxy shows weak 
emission lines and has a redshift z=0.0356 (ref. 13). Our 
observations show that instead the galaxy to be identified 
with DA240 lies midway between the two components 
found by Bridle er al. 
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Observations and reduction 

3C236 and DA240 were observed at 49 cm with the 
WSRT, a detailed description of which is given else- 
where’. It consists of 12 equatorially mounted 25-m 
parabolic dishes situated along an east-west line. Telescope 
parameters and information relevant to the present obser- 
vations are summarised in Table 1. Phase stability of the 
49-cm system during a twelve hour observing period is 
about + 1°, and the gain stability is certainly better than 
+ 1%. In our experience, the detection of weak emission 
having a brightness 0.003 of the most intense peak on the 
map is feasible with the present system: in the 3C236 
observation, which is particularly well calibrated, this 
value has been extended to almost 0.001. 

Two major problems had to be overcome in analyzing 
the data. First, it was found that both sources contain 
extremely intense components more than one hundred 
times as bright as the surrounding emission. Since the 
inner sidelobes of the synthesised antenna pattern are 
about 4% of the main response, sidelobes from the intense 
Structure initially masked the low-level radiation. Second, 
in the case of 3C236, grating rings from some parts of the 
source distorted the emission from other parts. We have 
therefore used the CLEAN technique’, in which structure 
in the map is iteratively decomposed into a set of point 
sources, the effects of which are then removed from the 
map using the antenna pattern with its sidelobes and grat- 
ing rings. Subsequent convolution of the point sources with 
a ‘clean’ antenna pattern leads to a map free from the 
effects of the subsidiary responses. 

The reception pattern of the individual paraboloids 
causes emission from regions far from the field centre to 
be attenuated. The maximum effect occurs at the outer 
edge of the western component of 3C236, whose bright- 
ness 1s reduced by 30%. Flux densities and other tabulated 
data have been corrected for this effect, but the contour 
maps have not. 


Maps and basic data 


A contour map of 3C236 is shown in Fig. 1. The source 
consists of two extended components on opposite sides of 
the intense compact source, with outer edges at distances 


Fig. 2 A contour map of 
DA240 at 49 cm. The field centre, 
at RA 07 h 44 min 30s, Dec. 55° 
55’, is marked by a cross. The 
dashed contour is plotted at a 
level of ~5.5 mJy and continu- 
ous contours are at levels of 0.5 
mJy and 2.5 mJy per synthesised 
beam area, and then in steps of 
5 mJy from 5 mJy to 60 mJy, 
10 mJy from 60 mJy to 100 mJy, 
25 mJy from 100 to 150 mJy. 
50 mJy from 150 to 250 mJy and 
250 mJy from 250 mJy to 1,500 
HPBW mJy. The greatest contour is at a 
level of 1,600 mJy. 
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Table 2 Some basic data on 3C236 and DA240 





Position of central source 

(1950.0) 
Redshift 
Visual magnitude (uncorrected for absorption) 
Angular size along major axis (minutes of arc) 
Size along major axis* (Mpc) 
Size transverse to major axis (Mpc) 
Size of central source (kpc) 
Flux density (mJy) (49 cm) Central source 
East component 
West component 
Total 


Mean surface brightness of the outer components (mJy per synthesised beam) 


(49 cm) 
Spectral index a {Integrated 
Central source 
49-cm integrated polarisation (% ) 
at position angle (°) 


3C236 DA240 
10 h 03 min 05.5 s 0.05 s 07 h 44 min 34.82 s 0.07 s 
35° O8 49.0" + 0.6” 55° 56° 28.3" + 0.6" 
0.0988 0.0356 
15.97 (ref. 10) —~15,2 (ref. 16) 
39 34 
5.7 2.0 
~0.5 —~A),7 
2.44 <2.9 
5.08 — 0.05 0.267 0.007 
1.8 0.2 5.4 0.3 
2. 0.2 3.3 0.3 
90 + 0.3 9.0 0.5 
37.4 + 3.3 20.8 1.2 
0.6 (ref. 18) 0.77 (ref. 18) 
0.62 + 0.03 (ref. 17) 0.40 + 0.06 
<1.3 8.3 1.3 


Y 1I8 2 


EE 


*Assuming H, 


50 km s~* Mpc™ and an Einstein-de Sitter cosmology. 


+The flux densities are derived assuming 3C147 has a 49-cm flux density of 37.78 Jy, from extrapolation of the data of Kellermann er al.”. 


ta defined in the sense flux density œ frequency a. 


of 24° and 15’ from it. The extension of the outer com- 
ponents along the line joining them and the precision of 
the collimation (lines from the two prominent outer peaks 
meet the central one at an angle of 179.5°) indicate the 
association suggested by Bridle er al.’ to be real. Basic 
data relevant to 3C236 (and DA240) are summarised in 
Table 2. 

The contour map shows a number of spurious, pre- 
dominantly radial features emanating from the central 
component, the most prominent of which are nearly ver- 
tical. These stripes are instrumental effects produced in 
the vicinity of intense point sources by small gain and 
phase fluctuations during the observation, and determine 
the dynamic range discussed earlier. The peaks beyond the 
south-east edge of the following component result from 
the same effect. Their narrowness and radial elongation 
are usually sufficient to distinguish such features from real 
structure. 

The south-following component has three strong peaks 
near its south-east end. The brightest of these, with a 
maximum intensity of 364 mJy per beam area, is centrally 
located at the eastern end of the low brightness plateau. 
This component is resolved, except on its outer edge. We 
think it likely that the two other peaks are unrelated back- 
ground sources for the following reasons. Both are un- 
resolved and the southernmost one lies adjacent to, rather 
than within, the low brightness emission. Our polarisation 
data show the following component, including the main 
peak, to have significant linear polarisation: the two un- 
resolved sources, however, are unpolarised. From the 
number of background sources stronger than 6 mJy in a 
typical WSRT field at 49 cm, we expect 3C236 to coincide, 
on average, with about 0.5 unrelated objects, which is not 
significantly different from the two suggested here. For 
the remainder of our discussion, the main peak will be 
assumed to define the eastern end of 3C236. 

We find the position angle of the source axis to be 
122.5", very close to the 119° which Wilkinson’ found for 
his model of the intense central double source. Since Wil- 
kinson’s value has an error of about + 2°, the alignment 
may well be exact. This alignment shows that the process 
responsible for the double structure, which spans a linear 
scale ratio~2,000, has maintained its orientation for at 
least 10° yr. It is also interesting that the position angle of 
the minor axis of the optical galaxy seems roughly coin- 
cident with the radio source axis. 

The distribution of brightness in DA240 is shown as a 
contour map (Fig. 2) and as an intensity modulated radio 
photograph (Fig. 3), the latter being particularly suitable 


for the display of faint, extended regions. Like 3C236,e 


DA240 is dominated by a very intense source (4C56.16), 
so the map is slightly affected by limitations of dynamic 
range. Thus several faint stripes appear to radiate from 
4C56.16, and there is a weak residual grating ring near 
RAO7 h 43 min. 

DA240 consists of two nearly circular diffuse com- 
ponents, each about 12° in diameter. These regions are 
more sharply bounded in the south than the north, sugges- 
tive of a gradient in the external gas density across the 
source. Each component has a dominant maximum, and 
these peaks are almost equidistant from an unresolved 
central component. These three peaks have widely dif- 
fering intensities, the easternmost one (4C56.16) having a 
maximum surface brightness of 1.74 Jy per beam area. 
From its visibility curve at 49 cm, we find that 4C56.16 
emits 1.4 Jy from a region smaller than 15”. The western- 
most peak is twenty times less intense than the 4C source 
and is fully resolved, even along its leading edge. Preced- 
ing the entire western component and clearly associated 
with it, is a faint elongated feature some 6’ in length and 
4’ wide. The centre component has a flux density of 267 
mJy at 49 cm and, according to our preliminary data, at 
6 cm has an angular size less than 3” and a flux density 
of 115+10 mJy. 





An intensity modulated radiophotograph of DA240, 
on a rotating drum photo plot system designed by 
/ 


W. J. Jafie. The declination scale is compressed by about 12% 
relative to the right ascension scale. 
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Fig. 4 A crosscut in position angle 122.5° along the major axis 
of 3C236., 


We have identified the compact central source with an 
elliptical galaxy having a diffuse outer envelope (number 
9-13-57 in the V-V catalogue). V-V gives the dimensions 
of the inner core as 30” X24”. Schmidt (private communi- 
cation) has measured a redshift z=0.0356 for this galaxy. 

On the north-east side of the intense component 4C56.16 
there is an unresolved subpeak with an intensity of about 
38 mJy which is coincident with the galaxy V-V 9-13-66, 
the object thought by Caswell and Wills to be associated 
with 4C56.16 itself. The redshift (z=0.0356) given by 
Burbidge? is exactly the same as that measured by 
Schmidt for V-V 9-13-57. V-V 9-13-66 is classified as ‘‘a 
flat galaxy whose arms have an indefinite direction of 
winding”. The flux density implies a radio power of 
1.5 10” W Hz" sr? at 49 cm, much stronger than that 
of normal spirals. The tantalising question of whether 
V-V 9-13-66 is actually immersed in the eastern com- 
ponent of DA240 cannot be conclusively answered with 
the present data. 
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A ridge of emission extends from each outer com- 
ponent of DA240 towards the central one. The position 
angle of a line joining the end of each ridge near the 
central component is almost the same as the position angle 
of the major axis of the optical galaxy, giving the ridge 
system the shape of an open ‘S’, 

From the available data we have derived an in- 
tegrated 178 MHz flux density of 22 Jy for DA240 which 
is well above the nominal completeness limit of the 3C 
survey. As shown by Bennett”, however, the 3C observa- 
tions are increasingly insensitive to sources whose angular 
size exceeds about 5^. It is essential for workers deriving 
statistical properties of radio source samples to appreciate 
the inherent limitations of many source surveys in this 
respect. 

Our observations also show that both 3C236 and DA240 
have strong linear polarisation at 49 cm. Although the 
integrated polarisation of 3C236 is negligible, individual 
regions show degrees of polarisation up to 20%. The 
eastern peak is polarised by 10% but as we have already 
noted, the other two intense sources near it are un- 
polarised. Polarisations of up to 40%, and possibly higher 
occur in the extensive low brightness regions of DA240. 
The intense unresolved structure in 4C56.16 is 22% 
polarised, and in its immediate surroundings similar values 
are found. DA240 has an integrated percentage polarisa- 
tion at 49 cm of 8.3°%, higher than previously found for 
any radio galaxy at this wavelength”. The polarisation of 
the central components, coincident with the optical 
galaxies are < 0.4% and < 2% for 3C236 and DA240 
respectively. 


Discussion 


A remarkable feature of the 3C236 and DA240 maps, and 
the main reason that much of the structure has previously 
escaped detection, is the huge range of surface brightness. 
In 3C236 a ratio of more than 1,000:1 is found between 
the intense central source and the faintest emission in the 
south following component. A profile of intensity along 
the major axis of the source (Fig. 4) indicates these dif- 
ferences. Although DA240 does not display such an 
extreme disparity the peak intensity of 4C56.16 exceeds 
the average brightness of DA240 by more than a factor of 
80. It is not yet possible to say whether these large varia- 
tions in surface brightness, and the prominence of the 
central component at 49 cm, qualify 3C236 and DA240 as 
rare source types. 

The ratio of the flux densities of the outer components 
and their relative distances from the optical galaxy are not 
unusual’ in these sources. It is, however, interesting to note 
that both outer components of 3C236 are well resolved 
transverse to the source axis, unlike the majority of 3C 
double sources when observed with a similar resolution”. 


LL TTT TT SLATE TT OTTO LA TT TT TON TAA Terr THOT POH HINO POA AS a RU Fret at re SSS SSS Sins Es Rin vi rrr ru SPaPaP rr SrSPPSPSPP h/t ar hepa 


Source | 3C236 
Distance* (Mpc) 554 
Linear size (Mpc) 5.70 


Phasa (W Hz-! sr») 
Radio luminosity (~) 


2.6 x 10# 
24 x 103° 


Component properties east west 
Volume (107? cm?) 35 43 
Minimum Energyt (105° erg) 54 63 
Energy density JO-“ergcm™*) 1.6 ® 1.5 
Equipartition magnetic fieldt (107-7? G} 6.3 6.1 





DA240 Cen A Cyg A 

206 10 320 

1.99 1.57 0.16 

3.6 % 107 2.1 10 2.7 x 10% 

3.4 10° 1.9 10% 3.0 © FOS 

east west north south east west 

8.0 7.9 2.9 2.9 24 = 10193 16" 
29 22 9.4 9.3 3.0 3.0 

3.6 2.8 3l 3.2 L3 o JO L6 = 10 
9.5 8.4 R.R 9.0 1800 2000 





* Assuming Ho = 50 km s~' Mpc™ and an Einstein—de Sitter cosmology? 


+Minimum energy estimates have beén made assuming the energy of cosmic ray protons to be negligible. If the energy in protons exceeds that 
in electrons by a factor of 100, the minimum energie¥ and the equipartition magnetic field strengths must be multiplied by 13.9 and 3.7, 
respectwely. 
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Table 4 Minimum energies (Umin), equipartition magnetic fields (Bea), thermal electron densities (ze) and masses (M) of selected regions 


Source Region | Urmin* 

r (erg) 
DA240 Intense eastern compact component 1.3 x 1058 
DA240 Extended eastern low brightness area 1.6 x 10% 

Eastern head 3.3 x 1058 


30236 


DA240, also, has unusual features. In many respects—the 
relaxed nature of the large outer components, the ‘S’- 
shaped ridge linking the brighter peaks—the source is 
reminiscent of Centaurus A (ref. 23). It may be significant 
that Centaurus A is also a large source exceeding 1 Mpc 
in length. Like 3C236, Centaurus A has a compact double 
source well within the large outer components. 

In Table 3 we present a number of derived properties for 
3C236, DA240, Cen A and the powerful radio galaxy Cyg A 
(ref. 24). We have assumed that the components are prolate 
spheroids whose depths are equal to their width in the plane 
of the sky along the minor axis and that the energy in 
cosmic ray protons is negligible. Examination of Table 3 
shows that DA240 and Centaurus A do, indeed, have many 
similar properties. Cyg A, a much smaller, very intense 
source, has a higher luminosity, energy density and magnetic 
field strength than the other three. 

In columns {| and 2 of Table 4 we show the minimum 
energies Umm in the form of relativistic electrons and 
magnetic field, and the corresponding equipartition magnetic 
fields Be, for two selected regions of DA240 and one of 
3C236. 

As we have already noted, both sources are strongly 
polarised at 49 cm. Stringent upper limits may therefore be 
placed on the thermal gas density in the sources, for high 
gas densities would cause depolarisation by differential 
Faraday rotation. Assuming the line of sight depths through 
the components to be equal to their size in the plane of the 
sky, and the magnetic field to take its equipartition value, 
we find the upper limits to the thermal density, n., given in 
column 3, while the corresponding masses are presented in 
column 4. The gas densities found are at most an order of 

magnitude greater than the cosmological density of 3 x 107° 
hydrogen atoms cm™*, and could be very much less. Such 
low densities, and the large overall sizes of the sources have 
interesting implications for certain models of the evolution 
of extragalactic radio sources which we now discuss in turn. 

De Young and Axford” proposed a dynamical contain- 
ment mechanism in which the ram pressure of the inter- 
galactic gas confines the radio emitting components. In the 
context of their model it has been suggested? that the 
extensive ‘tails’ of low brightness often seen to extend back 
towards the parent galaxy result from electrons which have 
diffused out of the compact outer components. Such a 
scheme does not seem applicable to DA240, for here the 
extended low brightness emission completely envelopes the 
compact regions. As the motion of the component is 
envisaged to be supersonic it is not clear how electrons could 
diffuse ahead of it. Of course, if the components were more 
or less stationary (and contained by some process other than 
ram pressure), the observed morphology could result. The 
ram pressure model may also be criticised on the grounds 
that it supposes the components to leave the galaxy with 
sizes not much smaller than their present ones. For 3C236, 
there is evidence from the double structure of the compact 
central source that the original component sizes are not 
bigger than 1 kpc. In the subsequent expansion to the 
observed diameter of ~150 kpc for tRe compact eastern 
component, adiabatic losses would decrease the flux by a 
factor of more than 10°. It is, therefore, necessary that 
energy in the form of magnetic field and relativistic particles® 


*Minimum energy estimates have been made assuming the energy of cosmic-ray protons to be negligible. If the energy in protons EEEF 
that in electrons by a factor of 100, the minimum energies and the equipartition magnetic field strengths must be multiplied by 13.9 and 3. T 5 
respectively. Aad 









Beq* ; M i 
(gauss) n 3) (M®) 

24 x 10 <6 x 10> <8 x 10° 
5 x 1077 <2.4 x 1075 <i x 10% 
2.2 107% <7 x 10 <1,7 x 1 



























be distributed over volumes much larger than a galactic oe 
nuclear region in a loss-less way, probably to be supplied to oe 
the components throughout most of their lifetimes, 7o . 
A useable feature of the model is that the components a 
are continually decelerated and eventually brought to a halt , 
after which the source expands rapidly. Christiansen” has 
shown that a plasmon can travel a distance e 
D=M | (aX 1.67 X 10°" nsr’) (i) 
before dispersing. Here M is the mass of the plasmon, r its- 
radius and ns the number density of the gas surrounding the 
component. Although equation I was derived ass 
ram pressure containment, it yields an estimate o 
distance travelled by the plasmon before it is stro 
decelerated even if it is contained by other processes. : 
is because the plasmon must, in any case, exper 
retarding force of (ram pressure) x (cross-sectional area 
r should then be interpreted as the component radius, su 
ably averaged over the source lifetime. In spite of ï 
certainty in this radius, it is interesting to apply equation | 1 
to the eastern component of 3C236 and so derive an upper 
limit to ms by taking D and r as their present observed. 
values and the upper limit to M from Table 4. We. fi 
ns < 10°° cm”. If the source axis is not in the plane of t 
sky, the limit becomes correspondingly lower. In spite of. th 
low density, the fact that the component leading edge 
sharper than the trailing one suggests an interaction with 
external gas. If the eastern component in 3236 is, in fa 
confined by ram pressure, ns > 3.6 10 em“, assuming the 
component velocity v < 0.08c (ref. 28). ee . 
Gull and Northover™ have proposed an elegant mechanis a 
for the propulsion and confinement of radio components 
a circumgalactic medium. The radially decreasing densit 
the medium, maintained by the galactic gravitational. fiel 
causes the components to ‘float? away from the centre, T 
model seems, however, to be inapplicable to 3C236 and 
DA240 for several reasons. The most telling of these are the 
long component travel times (~10" yr) and the difficulty of 
maintaining sufficient density gradients over the distanc 
involved. Similar difficulties have been noted for Cyg A 
(ref. 24); for these giant sources they are even more severe. 
Further observations of 3C236 and DA240 with the WSRT 
at 6 cm and 21 cm have either been planned or are already | 
in progress. A presentation of these results and a full ae 
discussion of their implications will follow. We have also 
begun observations of other candidate objects, for it seems — 
most improbable that these two are the only radio sources. - 
of moderate strength whose large scale structure has. been ae 
overlooked. Before long we may know if 3C236 is atypical, 
or whether it must relinquish its distinction of being the 
largest known object. 3 
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Fine structure analysis of a 
eukaryotic multifunctional gene 


Arthur P. Bollon 


Department of Biochemistry, University of Texas, Southwestern Medical School, Dallas, Texas 72535 


—— 


The ilv 1 gene of Saccharomyces cerevisiae contains 


functions associated with both structural and regulatory 
genes and therefore is termed a multifunctional gene. 
The ilv 1 gene product catalyses the first step in isoleucine 
biosynthesis and is involved in repression of the isoleucine- 
valine pathway. The intracistronic discrimination of the 
two functions is presented. 


IN spite of considerable progress in the understanding of the 


underlying molecular mechanisms involved in the regulation of 


gene expression in prokaryotes’, such mechanisms remain 
obscure in eukaryotes. Although several approaches for study- 
ing eukaryotic control mechanisms have involved animal 
systems*, much information about eukaryotic regulatory 
phenomena has been obtained from studies with fungi. Work 
with Neurospora has revealed several complex forms of regula- 
tion, for example, enzyme aggregation®* and compartmenta- 
tion’, and Saccharomyces has been the subject of several 
elegant studies”. Nevertheless, a regulatory macromolecule 
like a repressor protein involved in the control of gene expression 
in eukaryotic organisms remains to be identified and 
characterised. 

There is evidence from in vivo studies that threonine deaminase 
or some form of the ify / gene product, is involved in multivalent 
repression of the isoleucine-valine enzymes, probably function- 
ing as a positive effector. Altered repression of the isoleucine- 
valine biosynthetic enzymes was observed in Saccharomyces 
cerevisiae MAR-33 (ref. 10), with a mutation in or closely 
linked to the i/v / gene which renders threonine deaminase 100 
times less sensitive than the wild type to isoleucine 
inhibition!!!2, The isoleucinevaline biosynthetic enzymes from 
MAR-33 are fully derepressed when the strain is grown on 
minimal medium while normally only partial derepression is 
attained under these conditions}, Altered regulation of the 
isoleucine-valine enzymes was observed also in stratn D106-la, 
which contains a nonsense mutation in the middle of the ily / 


+ 





geneth? In D106-la, the isoleucine-valine biosynthetic enzymes 
fail to derepress when cells are grown in minimal medium or 
in a medium limited for isoleucine, a condition that normally 
leads to complete derepression, Magee and I have shown that 
the altered regulatory effects on the isoleucine-valine enzymes 
cosegregate with the desensitising threonine deaminase mutation 
in MAR-33 and the i/v / nonsense mutation!!:?°, 

In vivo evidence for threonine deaminase or some form of 
the i/y / gene product tn multivalent repression of the isoleucine- 
valine pathway has been obtained also in bacteria in Umbarger’s 
laboratory'** as well as in that of Hatfield’, who suggested 
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Fig. I Biosynthetic pathway for isoleucine and valine in Saecharo- 
myees cerevisiae. Threonine deaminase (EC 42116) is the first 
enzyme specific for the biosynthesis of isoleucine. The other four 
enzymes are involved in the biosynthesis of both valine and 
is@leucine. Repress#on of AHAS, reductoisomerase. dehydrase 
and transaminase B requires isoleucine, valine and leucine each at 
5 mM. In Saccharomyces cerevisiae, the genes which code for the 
five different isoleucine-valine enzymes are on different chromo- 
somes, 
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Table 1 List of strains containing ilv 7 mutations 





Genotype 


Phenotype Reference 

ily 1-1] Nonsense mutation 11 

. ily 1-8 Nonsense mutation 11 

ily 1-15 Nonsuppressible 20 

ily I-41 Nonsuppressible 20 

. Gly 1-48 Nonsuppressible 20 
ily 1-51 Nonsuppressible 20 
ilv 1-67 Nonsense mutation 20 
ily 1-74 Nonsuppressible 20 
ilv 1-82 Nonsuppressible 20 
ilv 1-83 Nonsuppressible 20 
ily 1~10] Nonsense mutation 20 
ilv [-113 Nonsense mutation 20 
ilv 1~1 SUP, ilv3~ Contains suppressor for ilv J-l 11 
ilv 1-101 SUP, ilv 37 Contains suppressor for ilv 1-101 This study 
M21 Nonsuppressible i/y / 11 
MDII Wild type for ih J 24 





some role for threonine deaminase in repression!®. In addition 
to the isoleucine-valine pathway, the involvement of a bio- 
synthetic enzyme in repression of subsequent enzymes of the 
histidine pathway has been shown by Goldberger et al, 28, 

The diversity of protein function became clearer with reports 
of proteins with several activities’:"!-!’. I report here the analysis 
of the catalytic and regulatory functions of the ily 7 gene. I 
present evidence confirming the multifunctional nature of the 
ily 1 gene where by genetic and biochemical analyses, the 
intracistronic discrimination of some of the iy / regions 
associated with each function are assigned. 


Catalytic function of ily 1 


Figure 1 shows one activity of the ily 7 gene product is the 
conversion of L-threonine to a-ketobutyrate, the first bio- 
synthetic step leading to the synthesis of L-isoleucine. This 
catalytic activity is performed by threonine deaminase whose 
activity is 50% inhibited by 0.5 mM L-isoleucine and stimulated 
by 5 mM Laalinet. The threonine deaminase from S. cerevisiae 
contains two identical subunits of approximately 100,000 
molecular weight!®?°, 

Several strains of S. cerevisiae with mutations in the ily / 
gene, rendering threonine deaminase catalytically inactive”, 
have been tested (Table 1). Each ¿i/y / allele represented in the 
table has been subjected to genetic fine structure analysis and 
the map is given in Fig. 2 (ref. 20). As Table 1 shows the ify / 
mutations 1, 101, 67, 117, 113 and 8 are adjudged to be nonsense 
mutations by suppression studies®, whereas suppressibility 
of the other i/v / mutations has not been observed”, 

As Zimmerman” indicated, the genetic length of the ilv I 
gene using the iiv /-4/ and ily 1—8 alleles as its extremities is 
about 16 map units of induced mitotic recombination. Based 
on previous datat”? one unit of recombination represents 
approximately 130 nucleotides. By these calculations the ilv I 
gene product involved in catalytic function would have a 
molecular weight of approximately 100,000 which is consistent 
with a dimeric protein of approximately 200,000 molecular 
weight, as indicated above. 

Threonine deaminase activity was found in extracts of 
several diploid strains each containing different pairs of ilv / 
alleles. Intragenic complementation between various ib / 
alleles has been found by Zimmermann ez al.23. The diploid 
strains constructed by mating different haploid strains each 
containing various i/v / mutations, as well as a diploid strain 
containing two wild type i/v / genes, are given in Table 2. 






E l j try-2 
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Fig. 2 Fine structure map of the i/v 7 gene. The alleles above the 
line are of the nonsense type. ” 



































Extracts were prepared: from. the various: s diploid strains ae t 
specific activity of threonine deaminase was determined 
before,!?:#?, In addition, the sensitivity of t E piaia threonine 





two wild type ity 1 genes. Ag remedy agent 
deaminase specific activity of 1.23 was found for the 
containing the ilv 7-51 and ilv 1-79 alleles, which is 
specific activity found in the wild type diploid. Table 
the threonine deaminase obtained from the diploid contal 
the ilv 7-51 and ilv 1-79 alleles was not inhibited by 1.0-10 
L~isoleucine which inhibits i/v 7+ x ily 1+ wild type threon ic 
deaminase. As previously reported, 100 mM L-isoleucin 
inhibits the threonine deaminase obtained from strain. MAI 
harbouring a mutation in ilv / (or closely linked to it) w 
renders the enzyme 100 times less sensitive to isoleucine in 
tion. Table 2 shows of the other diploids tesed for threoni 
deaminase activity, that containing the ilv 1-48 and ily 
alleles had a threonine deaminase specific activity of 0.3 
seemed to be sensitive to inhibition by 1.0. mM. 
Neither the diploid containing the ily 1-48 and ilv 1-8 | 
nor that containing the iv 1-57 and ilv 1-82 alleles had de 
able threonine deaminase activity. : 
Therefore, in addition to showing several strains ë j 
ilv | mutations rendering threonine deaminase either cata l 
ally inactive or less sensitive to isoleucine inhibition, the 
of diploids containing different ilv 7 alleles has facilitated, 
intragenic complementation, the in vivo construction of thre 
nine deaminase molecules with altered properties for isoleu 
inhibition. 





i 


Regulatory function of ily / 


As previously indicated, in addition to catalytic activity, sor 
form of the ilv / gene product must be involved in multiva 
repression of the isoleucine-valine biosynthetic. enz: ji 





Table 2 Threonine deaminase specific activity in diploid str 


L-isoleucine added (mM) 
] 1 


Diploid genotype 0 

ily It xil IF 3.21 0 0 s 
ily 1—51 x ily 1-79 1.23 1.14 1,29 = 2: 
ily 1-48 x ily 1-77 0.31 0 0 
ily 1—48 x ilv 1-82 0 

ily 1-51 x ily 1-83 0 




















The threonine deaminase was assayed as previously deser 
in the absence of L-isoleucine and in the presence of 1.0 mM 
100 mM _ L-isoleucine. Specific activity is expressed as pmo 
a-ketobutyrate formed per 20 min per mg of protein. Diploid: 
were grown in minimal medium and extracts were obtained fo 
threonine deaminase assay, as previously described!*?2, 


probably acting as a positive effector™™!?, This function is _ 
designated the ‘ily 1 regulatory function’, ealuaigoas toT onata | 


constructed by mating the various haploid ily I  aUXOLTOBRE: Ee 

I analysed the i/v / regulation function by two approaches. a 
First, determinations were made of the acetohydroxy acid 
synthase (AHAS) specific activity obtained from the various . 
ilv J auxotrophs and diploid strains grown in minimal, repres- _ 
sing and isoleucine limiting medium (Table 3). Second, the 
AHAS differential rate of synthesis was determined in cultures 
which® had been transferred from repressing medium to iso- 
leucine limiting medium (that is kinetics of escape from 
repression). 

Two major conclusions*can be drawn from Table 3. F 
the ilv / tegulatory function is altered in strains conta 
the ilv 7 nonsense alleles ilv I~] and ilv 1-101. Second, alt 






Table 3 Effect of different iv / mutations on ily / regulatory function 









Specific activity of AHAS 


ILM* 
ily] Isoleucine RM 
Mutation Repressing medium Minimal medium limiting medium ratio 

MDI 0.049 + 0.013 0.147+ 0.019 
M21 0.057 -0.014 0,139 -- 0.019 0.364 =-0.029 6.40 
ily 1-1 nonsense 0.069 +-0.012 0.063 = 0.015 0.067 +-0.014 0.97 
ily 1-8 nonsense 0.064 +-0.014 0.133 + 0.019 0.364 + 0.032 5.70 
ily 1-15 0.061 0.131 0.351 5.75 
ily 1-4] 0.041 0.110 0.282 6.88 
ily 1-48 0.064 0.131 0.315 4.93 
ily 1-51 0.059 + 0.010 0.127- 0.020 0.341 -. 0.030 5.78 
ily 1-67 nonsense 0.069 fe 0.015 0.140 Ka 0,018 0.371 + 0,035 5.38 
ily 1-74 0.056 0.432 0.322 5.75 
ily 1-79 0,063 0.125 0.341 5.4] 
ily 1-82 0.056 0.124 0.311 5.55 
ily 1-83 0.073 0.141 0.348 4.77 
ily 1-101 nonsense 0.062 -0.011 0.071 -- 0.013 0.069 0.014 Ltt 
ily [~113 nonsense 0.063 +-0.013 0.128 » 0.020 0.324 +. 0.030 5.14 
ily 1~1 SUP, ilv 3> 0.067 =-0.013 0.134 0.021 0.343 + 0.02 S.H 
ily 1-101 SUP, ilv 3> 0.059 = 0.014 0.121 +0.018 0.335 +. 0.033 5.6) 
ily 1* xil 1* 0.053 0.01} 0.135+ 0.016 
ily 1-51 « ily 1-79 0.056 -0.013 0.281 -0.024 
ily 1-48 x ily 1-77 0.041 -0.010 0.143 =-0.021 
ily 1-48 x ilv 1-82 0.06] 0.141 
ily 1—51 «ily 1-83 0.053 0.119 


The repressing medium used is minimal salts medium plus t-isoleucine, -valine and t-leucine, each at 5 mM?2%, Minimal medium 
consisted of minimal salts medium as previously described'®?2, Where isoleucine was necessary for growth, a nonrepressing concentration of 
2mM L-isoleucine was added'****_ Isoleucine limiting medium consisted of minimal salts medium plus 2.5 mM L-isoleucine and 20 mM L-valine 
which competes for isoleucine utilisation?®:4. AHAS was assayed in toluenised cells as previously described!?:*4, Its specific activity is expressed 
as pmol of product produced per 20 min per mg of protein. MDII is a strain wild type for the ilv / gene. M21 contains a nonsuppressible 
ilv J mutation which renders threonine deaminase catalytically inactive. In the cases where standard deviations are represented, four determina- 


tions were done. 


* Ratio of AHAS activity obtained from cells grown in isoleucine limiting medium (ILM) compared with cells grown in repressing medium 


(RM 








ily 7 regulatory function is not observed in strains containing 
the ilv J nonsense alleles, i/v /-67, ily 1-113, ilv 1-117, and 
ily 1-8. 

As Table 3 shows, AHAS was derepressed approximately 
2.5-fold when the normally regulated strains MDII and 
M2107? were grown on minimal medium compared with 
repressing medium: the ratio of AHAS specific activity of 
M21 cells grown in isoleucine limiting medium compared with 
repressing medium was 6.4. Similar results were obtained for 
all strains containing the various jiv / alleles including the 
ily 1-67, ilv 1-113, ilv 1-117 and ily 1-8 nonsense lleles, 
with the exception of strains containing the ¿i/v /—/ and ilv 1-101 
nonsense alleles where no AHAS derepression was observed 
when cells were grown in minimal or isoleucine limiting medium. 
The ratio of AHAS specific activity when strains containing 
either the i/v 1—7 or ilv 1-/0/ alleles were grown on isoleucine 
limiting medium compared with repressing medium was close 
to unity. Since the AHAS specific activity obtained from strains 
© containing the ily /~/ or ilv 1-101 alleles grown in repressing 
medium was similar to that obtained for the normally regulated 
strains MDI1 and M21, unity represents a failure to derepress 


i ANLE PI AA OS T 
Table 4 Differential rate of AHAS synthesis in i/y / auxotrophs 
NESS Ane E NAE N T NE E SNe 





ilv Mutation Differential rate of synthesis of AHAS* 


M21 0.190 
ify I~] 0.017 
ily 1-101 0.02} 
ily 1-113 0.160 
ily 1-8 0.205 
ilv 1-67 0.170 
ilv 1-5] 0.168 
ily 1-79 0.210 
ily 1-1 SUP ilv 3 0.180 
ily 1-10} SUP ily 3 0.230 m 
(M2l-grown in repressing medium)t 0.020 


* umol of product produced per 20 min per 10° cells. 
+ Differential rate of synthesis foreAHAS when strain M21 is 
grown on repressing medium. è 
Strains were transferred from repressing medium to isoleucine 
limiting medium as described for Fig. 3. 


} 


under minimal and isoleucine limiting conditions. 

Since only the iiy /-/ and ilv /-/0/ nonsense mutations 
and not the i/y 1—8, ily 1-67, ilv 1-117 and ily 1-1/3 nonsense 
mutations affect the i/v / regulatory function, one might 
conclude that the i/y / region excluded by the iiv /-/ and 
iy 1-101 nonsense mutations are needed for regulatory function 
whereas the regions excluded by the other i/v / nonsense 
mutations are not. 

These results were substantiated by examining the differential 
rate of synthesis of AHAS by the second method in cultures 
transferred from repressing medium to isoleucine limiting 
medium!'?*_ Figure 3 gives the differential rate of AHAS 
synthesis in M21, which is normally regulated for the iso- 
leucine-valine enzymes—it was 0.19. The AHAS differential 
rate in the strain containing i/v /-/ was 0.017 and in the strain 
containing ily /~/0/, 0.021. As Table 4 shows AHAS differential 
rate of 0.02 was obtained when M21! was grown in repressing 
medium, The low AHAS differential rate obtained from the 
strains containing the ilv 1-1} and ifv /~/0/ alleles grown on 
isoleucine limiting medium therefore, reflects lack of de- 
repression. Also Table 4 shows the strains containing the other 
nonense alleles, i/v /—//3, ilv 1-8 and ily 1-67, strains contain- 
ing suppressors for the ify /-/ and ilv 1-/0/, iv 1~1 SUP and 
ily /-101 SUP and strains containing the nonsuppressible 
ilv-/ alleles SI and 79 gave AHAS differential rates of synthesis 
comparable with the normal value obtained with M21. 

Figure 3 also shows that the increase in the differential rate 
of synthesis of AHAS was inhibited by 50 pg ml~! of cyclo- 
heximide, which inhibits protein synthesis. Thus the increase 
in activity required protein synthesis and probably represented 
synthesis of new enzyme. In addition, since the level of AHAS 
after inhibition of protein synthesis remained constant for 4 h, 
no substantial degradation of AHAS occurred within the 4 h 
period. 

The altered i/v / regulatory function and the iv /-/ and 
ilv é-/01 mutatione cosegregate in four tetrads tested. As 
Table 3 shows, both catalytic and regulatory function was 
restored when suppressors for the ifv /~/ and i/y /-/01 nonsense 


*mutations were present. In addition, the altered i/y / regulatory 
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function resulting from the ivy 1-1 and ilv /-/0] mutations 
was recessive to wild type (Table 5). When a strain containing 
either the i/v /-/ or ilv 1-10] mutations was mated with a 
strain which was ¿ilv 1+; ilv2~, and the resultant diploid strain 
was grown on minimal medium, the AHAS specific activity 
was derepressed 2.5 times more than the normal repressed 
level. These results suggest that the i/v / gene product is neces- 
say for derepression of the isoleucine-valine enzymes. 


AHAS (U ml-?) 





0.1 0.2 0.3 


10’ Cells per mi 


Fig. 3 Cells were grown in 50 ml of repressing medium to about 
5 x 10’ cells per ml, centrifuged, washed and diluted five times 
into 250 ml of minimal medium plus 20 mM valine and 2.5 mM 
isoleucine (isoleucine limiting medium). Samples of 50 m! were 
taken after 0, 2, 4, 6 and 8 h. Cells were made permeable by 
toluene and the AHAS was assayed as previously reported!??4, 
The numbers 2 and 4 shown after each point represent AHAS 
activity 2 and 4 h after the addition of 50ug of cycloheximide. 
Open triangles represent strain M21, closed triangles represent 
the strain containing the ily 1-/ allele and the open circles repre- 
sent the strain containing the i/y 1-101 allele. 


There is evidence 1*2 that the isoleucine inhibition property 
of threonine deaminase is related to the i/v / regulatory func- 
tion. In a strain MAR~-33, which contains a mutation in (or 
closely linked to i/v I), the threonine deaminase is 100 times 
less sensitive to isoleucine inhibition". When MAR-33 was 
grown on minimal medium, the AHAS as well as the other 
isoleucine-valine enzymes were derepressed approximately 
six-fold, attaining a specific activity usually obtained only 
under isoleucine limiting conditions. If 5 mM L-isoleucine 
was added to the medium, the isoleucine-valine enzymes were 
derepressed only 2.5-fold which is usuglly attained when a 
wild type strain is grown on minimal .medium":!2, In another 
strain TIR-9 which also contains a mutation in ilv / (or closely 
linked to it), the threonine deaminase is only ten times legs 


























sensitive to isoleucine inhibition’. The levels of the isoleucine- r 
valine enzymes when TIR-9 was grown under minimal condi- 
tions were like wild type. Therefore, it seems that a 100-fold 
but not a ten-fold isoleucine desensitisation of the threonine - 
deaminase affects the ilv 7 regulatory function. - 


Table 5 Recessivity of altered ily / regulatory function 


Medium Diploid genotype Specific activity. < 


AHAS 
Minimal ily 1-1 ily 2* «ily I* ily 2- 0.12340. o 
ily 1-101 ily 2* x ily I+ ih 27 0.11240. ‘019 | 
Repressing ily 1-1 ilv 2* «ily 1* ily 2- 0.041 4-001- 
ily 1-101 ily 2* x ily 1* ily 2>- 0. 0474-0. 010 


AHAS was assayed as previously described!® 24, and ik GE 
activities are expressed as umol of product produced per 20 min per = 
mg of protein. er 


The ilv / regulatory function was examined in the various 
diploid strains previously described, especially that which- 
contains the i/y 1-51 and ilv 1-79 alleles which result in threo- 
nine deaminase desensitised to isoleucine inhibition (Table 3). 
In all diploids tested except one, the AHAS-specific activity 
was approximately 2.5 times greater when cells were grown - 
in minimal medium compared with repressing medium Ir 
the diploids train containing the iy 1-51 and ily 1-79 alleles, 
the AHAS specific activity was five times greater when cells 
were grown in minimal media compared with repressing 
media. This increased derepression of the AHAS when the 
diploid strain containing ilv 1-51 and ily 1-79 alleles was 
grown on minimal media further indicates the interrelati n- 
ship of the isoleucine inhibition site of the ifv 1 product, ando 
the ily ] regulatory function. A 


Multifunctional map of ilv J 


A summary of the effects of the various iiv / mutations on. 
ily I catalytic and regulatory function is represented in Fig. 4. 
The results are represented as a multifunctional map which 
consist of three representations of the ily J gene each corres- 
ponding to a different property of the i/v-/ gene- pre duct 
and each containing the i/y—/ alleles causing defects: in the 
corresponding ily / function. oe 

As Fig. 4 shows, the Hy /~/ and ilv 1- 101 nonsense > alleles 
concordantly affect both catalytic and regulatory function, 
whereas both functions are discordantly affected by tt Be 
ilv 1-113, ilv 1-117, ilv 1-67, and ilv 1-8 nonsense. alleles 
where only the catalytic function is affected. In addition, the- 
other nonsuppressible i/y / alleles did not affect ily / regulatory 
function. 

These results suggest that the i/v—/ regions affected by. the 
ily 1-117, ilv 1-113, ilv 1-67 and ilv 1-8 nonsense mutations — 
are not needed for regulatory function but are necessary for 
catalytic function. On the contrary, iiv 1-1 and ilv 1-10] 
nonsense mutations affect i/v / regions needed for both regula- 
tory and catalytic functions. In addition, these results represent 
the strongest indication that the regulatory function actually 
is within the ilv / gene and not in an adjacent regulatory 
region. 

In addition, as seen in Fig. 4, alleles ¿ilv 1-57 and ilv 1-79 do 
not affect i/v / regulatory function in haploid strains. Never- 
theless, regulatory function is altered in a diploid strain. con-. 
tainitg both ily J-5] and ilv 1-79 alleles, where intra 
complementation results in restoration of threonine dean 
activity that is insensitive to isoleucine inhibition. 7 
results are consistent with the report of a concordant afie 2 no 
isoleucine inhibition and regulatory function in strain MAR- 
33 (refs 11, 12) Preliminary data indicate that MAR-33 hasa 
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Fig. 4 Multifunctional map of the i 1 gene. Each 
representation of the «/v / gene corresponds to one of the ilv / 
functions which are represented at the left of the corresponding 
cistron. Only the alleles which result in altered function are 
represented, The alleles above the line are of the nonsense type. 


mutation near the middle of the i/v / gene and that it is not 
suppressible (my unpublished data). 
~ Yn conclusion, the results presented here strongly indicate 
that the i/v / gene ts multifunctional, coding for a product 
which functions in the catalysis of L-threonine to a~keto- 
butyrate, as well as being a positive effector in the derepression 
of the isoleucine-valine enzymes. I have found correlation 
» between the isoleucine inhibition property of threonine 
deaminase and i/y / regulatory function. Furthermore, there 
- js intracistronic discrimination of the ily / catalytic and regula- 
- tory functions. Apparently the regulatory function of the multi- 
functional iiv / gene represents an example of a eukaryotic 
regulatory gene which has been identified and partially charac- 
terised both genetically and biochemically. 
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and for useful discussions. I thank Melvin Dews for technical 
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National Institutes of Health. 
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Cosmogony of the asteroidal belt 


We have to derive the state of partial corotation in a way which» 
by being very simple, stresses its character as a basic state in 
cosmic plasma dynamics. We also substitute the mass density 
(mm, a) for the number density (n, a) in the plot of asteroids, as a 
function of their semimajor axis a. This gives a better definition 
to the limits of the main belt, and demonstrates more clearly 
that the asteroids—like the Saturnian rings—-have condensed 
from a partially corotating plasma. 

If a rotating body has an axisymmetric dipole field and is 
surrounded by a plasma, and if the electrical conductivity of the 
body and of the plasma is infinite, the plasma will rotate with 
the same angular velocity Q as the body; the magnetic field 
lines are ‘frozen-in’. This idealised model is, however, not 
applicable to cosmic problems because celestial bodies have 
gravitation, and the plasma is subject both to that and to the 
centrifugal force produced by the rotation'~*. Moreover, the 
‘frozen-in’ picture is seldom applicable in astrophysics*~’. The 
assumption of infinite conductivity is unrealistic, because electric 
fields parallel to the magnetic field play an important role’. It 
is now evident that the magnetosphere is to a high degree 
uncoupled from the ionosphere”. 








This means that instead of a plasma corotating with an angular 
velocity © = Q, we have typically a ‘partial corotation’ with 
w < Q (refs 3 and 4). The rotational velocity is given by the 
condition that the centrifugal force, fe, the gravitation, f,, and 
the electromagnetic force, fg, acting on a plasma element should 
balance each other, so that 


fe + fe + fs = (1) 


(We assume that the plasma temperature is so low that pressure 
and diamagnetic effects can be neglected—-see Fig. 1.) If M. is 
the mass of the central body, « the constant of gravitation, B the 
magnetic field deriving from a dipole with moment a, m the 
mass of a plasma element, / the current through it, and x, a unit 
vector perpendicular to the axis, there is in a coordinate system 
(r, à) in the meridian plane of the dipole: 


f. = O? mM r COs A X, (2) 
l f, = (n Memjr’X—r) 6) 
i f,=1xB (4) 
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so from equations (1)-(4) (for à # 0) 
fe = 2aljr? 
and 
fa = Ife + Ualr*)] cos à 


showing that: (f); = Ufa = (2/3) | Jz | - Thus the gravitational 
force is compensated to 2/3 by the centrifugal force, and to 1/3 
by the electromagnetic force. The factor 2/3 is given by the 
geometry of a dipole field. 

If condensation of grains (planetesimals) takes place from a 
partially corotating plasma, and the resulting grains are so large 
that the electromagnetic forces become small compared to f. 
and f}, then they will move in Kepler orbits. As the centrifugal 
force does not fully compensate the gravitation, the condensed 
grains will move in ellipses with eccentricity, e = 1/3 (refs 1-4). 
If a large number of grains have condensed in the neighbourhood 
of the central body and they collide with one another, the 
eccentricities of their orbits will diminish, so that eventually they 
will all move in more circular orbits, with a semimajor axis with 
a length which is 2/3 the distance to the point where the con- 
densation occurred. 

There are reasons to believe that condensation from a partially 
corotating plasma was a basic process in the formation of the 
Solar System. In fact, the structure of the Saturnian ring, and of 
the asteroid belt can be understood in this way!~?""!, The factor 
2/3 occurs in two places in the Saturnian ring system, and in two 
places in the asteroid belt. In the latter case the usual (x, ’a) 
diagram of asteroids has been used, giving the number density, n, 
of asteroids as a function of their semimajor axes, a. 


Main belts 2/3 shadow 


Jupiter's 2/3 shadow 
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Fig. 2 The smoothed (Cn, a) diagram. The curve has been 
smoothed with the weight function 1:3:5:3:1. Mass distribution 


In order to emphasise the log scale, high density regions are 
darkened. The same diagram diminished by a factor 2/3 and 
turned upside down is shown above, in order to demonstrate the 
‘shadow’ effect which produces the inner cutoff of the asteroidal 
belt. Similarly Jupiter’s ‘shadow’, which generates the outer cutoff, 
is shown, Kirkwood gaps from Jupiter resonances are arrowed. © 
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The diagram (n, a) only gives an approximate picture of the 
mass distribution in the asteroid belt. We have now, however, 
calculated an (m, a) diagram, giving the mass distribution. We — 
have assumed that all asteroids have the same albedo and density, | 
so that we can put their mass proportional to (brightness)?? 
(Fig. 2). a 

The (m, a) diagram shows the Kirkwood gaps, especially at 
1/2 and 1/3, somewhat more clearly than the usual (», a) diagr: 

The limits of the main belt at a = 2.15 and 3.49 are also _ 
sharper (especially because a large number of asteroids | elow 
a = 2.15 have a negligible mass). ; E 

In order to study the effect of the fall-down ratio, 2/3, the — 
(m, a) diagram, diminished by a factor 2/3, is shown reversed in 
the upper part of Fig. 2. Si, miim 

The diagram shows that the whole main belt is located below. 

2/3 of Jupiter’s orbit, which means that the main belt asteroids > 
may have derived from condensation which took place inside 
Jupiter’s orbit down to a = 3.49. At this limit plasma would 
have condensed directly on already existing asteroids (or 
asteroidal grains), which therefore produced a ‘shadow’ at 2/3 
this distance. As the diagram shows, there is a marked drop in- 
mass density at 2/3 x 3.49 = 2.32. Above the 1:2 Kirkwood gap Me 
however, the mass density does not seem to be large enough to. 
make the plasma density drop to zero. That does not occur unt 
the ‘shadow’ of the bulk of asteroids below 3.20 appears at 2.13 
(that is, 2/3 x 3.20). T 

There is no other known way to explain the upper and lower 
limits of the main belt. 

The only asteroids outside the main belt which are massive 
enough to appear in the diagram are the Hildas, ata = 3.95 AU. 
As 5.9 AU (3/2 x 3.95) exceeds Jupiter’s distance from the Sun 
(= 5.2) they must have condensed outside Jupiter's orbit. When. 
falling down in ellipses with e = 1/3 they avoided capture {or 
dispersal) by Jupiter because they were commensurable with _ 
Jupiter’s orbit period to a degree of 2/3 that kept them from. — 
coming close to Jupiter. (Compare the Neptune-Pluto resonance — 
and similar cases’. . ~ 

The 2/3 ratio is found in three places in the asteroid (m, a) plot. 
(Fig. 2). In fact, the observed ratios agree with the theoretical — 
value to within 1°. Including the two occurrences in the Saturn- 
ian ring system there are five cases which confirm that the 
condensation from a plasma in partial corotation was an- 
important process in the formation of the Solar System. > 

The mass distribution of the asteroids is not altogether — 
explained by the resonances and the 2/3 fall-down. For example, : 
there is a very strong peak at 2.75 which includes Ceres and — 
Pallas, and a secondary peak at 2.36 which includes Vesta. These 
may result from a later evolution which concentrates mass - 
through a process which eventually leads to the formation of _ 
planets. EAS 
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A Lagrangian community? 


Ir seems that it may be economically feasible, within the 
limits of the technology of this decade, to establish at 
one of the Lagrange libration points of the Earth-Moon 
system (called here L;) a habitat capable of supporting and 
“maintaining some 10,000 people. Projections indicate that 
. this habitat, using free solar energy and the rich mineral 
“resources of the lunar surface, could construct a still larger 
habitat, in a progression leading, possibly within 30 yr 
-from now, to communities of from 10° to 10° people. These 
_communities could be as comfortable as the most desirable 
parts of the Earth, with natural sunshine, controlled 
weater, normal air, apparent gravity and complete freedom 
from pollution. Replication of these communities could lead 
to the exponential growth of new land area, with a growth 
rate more rapid than that of the total human population. 
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Fig. 1 A graph, technically realisable in my opinion, 
showing that most industry could be removed from the bio- 
sphere of the Earth within a century. The graph is based 
on a “worst-case” assumption: no reduction of the popula- 
tion growth rate either on earth or in the space communities. 
Py is the population on earth, Ps the population in space, 
Ag/Ay the ratio of land area in space (all usable) to the 
total land area of Earth. Changes within wide limits in the 
assumed input numbers do not affect reaching a solution 
stable in Pg and Ps/Ag. The final stable value of Pe (1.2 x 
10° people) is equivalent to the 1910 value. —-, Pg; —-—~-, 
if EE , Ps/Ag, -~-, Ag/Ap. 


A technically possible time-development is shown in Fig. 1, 
not as a prediction but as an illustration of the power of 
the technique. 

Economic feasibility is defined here as the achievement of 
an overall cost less than or equal to that of the Apollo 
project. A reduction in the design size of the first habitat, 
_ with a corresponding reduction in the size of its popula- 
_ tion, would result in some further reduction in the esti- 
The solutions to several problems were necessary in order 
to achieve this feasibility: 
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(a) Geometry: A physical arrangement has been found 
which would allow the use of natural sunlight for industry, 
farming and the maintenance of an attractive, earthlike 
environment with normal day/night and seasonal cycles. 
(b) Transport from the earth to L;: A reconfiguration of 
hardware already under development for the space-shuttle 
{to be operational by 1980) seems adequate to transport 
the necessary minimum of materials from earth. 

(c) Water: The combination, at L: of hydrogen from the 
earth with oxygen from the abundant oxides of the lunar 
surface effects an important saving of a factor 9 in the mass 
of material needed from earth per unit mass of water at L.. 
(d) Materials: Obtaining nearly all the mass of the habitat 
from the moon appears essential for economy. Two alter- 
native designs have been studied for the acceleration of 
lunar materials to the 2.4 km™’s escape velocity of the 
moon. Both designs depend on the vacuum environment of 
the moon. Neither is conventional, but the technology of 
the present decade would suffice for either. 

The ultimate benefits of this new possibility depend on 
the production of successively larger communities by a 
workforce which is housed, fed and maintained within the 
communities rather than on earth, and so to the eventual 
achievement by the communities of the ability to sustain 
their own growth by the construction of new lands and 
production facilities from lunar and asteroidal material. 

These studies have been discussed in lectures at a num- 
ber of universities during the past 18 months. Knowledge 
of the work has therefore spread, additional people have 
joined the effort, and recent progress has been rapid. On 
May 10, 1974, the first public meeting on this topic was held 
at Princeton University. 

Detailed information on these studies will be found in 
forthcoming publications in Physics Today and in Icarus, 

GERARD K. O'NEILL 
Department of Physics, 
Princeton University, 
Princeton, NJ 08540 





Intensity of the near infrared OH airglow 


THE OH airglow was studied from the balloon-borne telescope 
Thisbe on three flights launched in 1971 and 1972 from the 
NCAR balloon flight station, Palestine, Texas (32°N, 95°W). 
The principal goal of these flights has been the measurement of 
the zodiacal light in the near infrared? with the airglow as a 
troublesome foreground contribution which had to be deter- 
mined carefully. 

The measurements have been performed from a float altitude 
of 32 km at wavelengths à = 0.82, 2.1, and 2.4 um with half 
power bandwidths AA = 0.023, 0.1 and 0.1 um respectively. 
For the shorter wavelengths a straightforward photometer with 
a multiplier as detector has been used. The larger wavelengths 
were measured by a dry ice cooled PbS-photometer. The field 
of view of both photometers was 2° in diameter. The 0.82 um 
photometer was calibrated by observations of 33 stars. The 
PbS-photometer was calibrated before the flight by a 240 K 
blackbody and during the flight by the star a-Ori 


(lza um En 1.9x 10-12W cm “2 um ons 
i Jeg um = 1.3 x 107W cm~? m~). 


The airglow intensity was determined from several elevation 
scans. As an example Fig. 1 shows the result of an elevation 
scanat A = 2.1 um. ® 

A van Rhijn curve for an emission altitude of 92 km was 
fitted to the data. The resulting zenith intensities at all measured 
wavelengths are listed in Table 1. 
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Table 1 Zenith intensities of the OH airglow 
(W cm~? sro! ptm) 





Time 
Date (CST) Aum) AA (im) Intensity 
May 13, 1972 23:00 0.82 0.023 (2.5+0.4) x 107! 


November 1, 1971 2:40 2.1 0.1 
October 24, 1972 2:00 2.1 0.1 (1.6-+0.3) x 10 
October 24, 1972 5:00 2.4 0.1 <6 x108 


Mamenn aaae 


(1.60.5) x 10 


Py (0-9 Wem~?sr~ tum!) 


b> 
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Fig. 1 OH airglow intensity at 2.1 um determined from an 

elevation scan. A van Rhijn curve for an emission altitude of 

92 km is fitted to the data. Notice the patchy structure at 65° 
zenith angle. A = 2.1 um; AA = 0.1 pm. 


For comparison the results of other investigators are given. 
Sternberg and Ingham? found an average intensity of 
2.9 x 10-W cm~? sr“! pum! at A = 0.82 pm. At A = 2.1 um 
Noxon ef al.? determined an intensity of 1 x10- and Moros? 
an intensity of 5x107°W cm~? sr™ pm, Peterson and 
Kieffaber® determined at à = 2.2 pm (AA = 0.54 jim) an 
airglow intensity of 3.2x10-° W cm~? sr- pm~ from a 
broadband measurement. The differences of the results may be 
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Fig. 2 Simultaneous scans from the ec{iptic plane (B = p) to 
the north celestial pole (5,000 Å above, 8,200 Å below). Visual 
magnitude of the star 8 Leo (A 4 V) is 2.56 mag. The signal 
registered at 8,200 A is dominated by strong variations of the 
OH-airglow, at 5,000 A the airglow contribution is much smaller® 
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explained by the-local and temporal variations of the airglow 
intensity. At 2 = 2.4 um Moros‘ found an upper limit of 
< 2 x 107 and Noxon and Vallance Jones* an upper limit 
< 10 W cm~? sr™ pm. Our measurements indicate that at ~ 
2.4 um the airglow intensity is at least three times smaller than ae 
previously known. Bee 


The patchy structure of the airglow was detected at 0.82 and- Es 
2.1 um (see Figs 2 and 1). The patches have diameters of about: _ 
10° to 20° corresponding to 20 to 40 km in linear size. They 


differ from the average intensity up to 20%. Patches were also 
found at 0.8 um by Peterson’ and at 2.2 um by Peterson and. 
Kieffaber® using ground based measurements. Rate 

Our results have confirmed the existence of a theoretically 


predicted gap in the OH airglow emission at à = 2.4 um, which 


is also indicated in spectroscopic work**. So surface photometry 
of extended celestial sources as the zodiacal light and the Milky 
Way is possible within this ~ 0.3 um wide gap from balloon 
altitudes. Because of the large intensity and irregularities of the 


OH airglow at shorter wavelengths serious problems arise in 


subtracting the airglow foreground from the night sky radiation 
We thank Dr. H. Elsässer, C. Thum, K. Haussecker, and 
H. Schiitz, for help, and the National Center for Atmospheric 


Research (NCAR), Palestine, Texas, for balloon launch and ae 


flight assistance. The project was supported by the Bundes- 
ministerium fiir Bildung und Wissenschaft. | 
W. HOFMANN: 
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D. LEMKE 
Max-Planck-ĮInstitut für Astronomie, 
6900 Heidelberg—-Kénigstuhl, Germany 
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Positron annihilation in 
EAS and ball lightning 


CRAWFORD? has suggested that the bursts of y-ray energy that 
correspond to positron annihilation at rest (0.511 MeV), which 
have been observed by Ashby and Whitehead?, may be caused 
by extensive air showers (EAS) of primary energy E, ~ 10% 
eV. We present two major objections to that hypothesis. 
First, we shall discuss the duration of the four y-ray bursts 
which were detected. Ashby and Whitehead? report an upper 
limit of about 10 s for the duration of three events, and the 
fourth lasted about 3 s. Those two values corresponded to two 
different time constants of the recording device: 25 s and 1 s, 
respectively. The lower limit for the duration can be derived 
from the time resolution of the Nal(Tl) y-ray detector which 
was used, about 0.25 us. A lower limit of 3.7 x 103 x 2.5 x 1077, 
~~ P ms, can be given for the duration of the four events, as 
the event with the lower flux corresponds to 3.7 x 10° distinct 
counts. On the other hand, the delays in the distribution of the 
various EAS components must be considered. The electronic 
comportent, at distances relatively close to the shower axis, 
shows time-spreads of less than a few tens of ns (ref. 3), where- 
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as the delays observed for muons are of the order of several 
hundreds of ns. Slow neutrons which are delayed by no more 
than several us are the most delayed particles detected‘. 
Finally, considering that positron annihilation times which 
correspond to the slower annihilation modes are of the order 
~ 107 s (ref. 5), it is hard to understand a y-ray emission of 
0.511 MeV from an EAS of such a long duration (œ | ms.) 

The number of photons which it is claimed were created seems 
rather high. Consider the energy deposited by the shower 
particles in the first radiation length in the ground, inside a 
disk of radius R = 2 m. The energy dissipated by an EAS is 
represented by the track length integral (ref. 6). In the lower 
atmosphere, after the maximum longitudinal development, the 
integral is represented by 


> 


ó i f 
Edisi = Eo Ns... Š 


MAN 


exp [0.18 (7,.,.—1)] dr 


where £ is the ‘critical energy’ and its actual value in air is 
approximately 84 MeV. For a shower generated by a particle 
of energy E, = 10'* eV, we assume fmax 18.6, 1., = 28.4, 
and f. = 74.4, considering ż_ when the EAS ‘age parameter’, 
$, is 2. The integral over the portion of the curve of the longitu- 
dinal development which is extrapolated below sea level (s.1.) 
tor. gives Eaiss/Ns1. = 465 MeV, and the value of the same 
quantity for the first radiation length in the ground turns out 
to be 71 MeV. The quantity N... represents the size, at sea 
level, of a shower initiated by a particle of energy Ea = 10** eV. 
On average it is 3 10° (ref. 7). Furthermore, we have to 
consider the lateral distribution of these particles to estimate the 
energy dissipated within the 2 m disk. Near the shower axis 
the density of particles, D, is well represented by the expression 


D Ns. 1500r 


so that the number of particles inside the disk turns out to be 
approximately 2.5% of the total number. Thus, the energy 
dissipated in the first radiation length in the ground and in the 
region with r = 2 m will be 


Basr < 2m) Zo 10-*? x 3 x 10° x 71 x 10 


5.3 x 10? eV 


Assuming! that 5.5% of E4;,, will be converted into photons 
with an energy of 0.511 MeV. a total of 5.7 10°y will be 
emitted. The detector has an estimated geometric factor of 
3.6 x 10~* so that about 210 photons are finally seen. That is 
an order of magnitude smaller then the lower value of y 
detected in the four observed events. 

To increase this value, a higher primary energy, Ey, of more 
than 10" eV is required. In this case, however, the flux of 
cosmic rays,®, is 2 x 10° m~? s~! sr= (ref. 8). Thus, witha 
sensitive area, A of 10 m°, and a solid angle of acceptance, Q 
of 3.1 sr, and assuming a running time, T, of 1. 3 10’ s, the 
number of events which can be expected is 


n=Q@DAQT = 0.08 


In fact, four were observed under the same conditions. 
Therefore, it seems to us that the hypthesis of y-ray produc- 
tion from positrons of an EAS annihilating at rest has to be 
ruled out. 
We thank Professor M. Galli and Dr G. Cavallo for dis- 
cussions, 
S. CECCHINI 
G. Di Cocco 
N. MANDOLESI 
Laboratorio TE. SRE.-CNR, 
Via de’Castagnoli, ] 
40126 Bologna, Italy ° 
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Observations from Skylab of 
mesoscale turbulence in ocean currents 


PHOTOGRAPHS and visual observations made by astronauts 
aboard Skylab have revealed remarkable eddies embedded 
in warm-water currents flowing poleward from equatorial 
oceans. These visual displays of mesoscale turbulence pro- 
vide us with (1) a concept of the size and shape of such 
features, (2) an opportunity to examine the places of origin, 
(3) a feel for the rate at which they coalesce, and grow 
downstream, and (4) the Opportunity to ascertain their 
significance in the thermal energy regime of the oceans. 

| identified the eddies from photographs taken aboard 
Skylab 2 (May-June 73) over the northwest Caribbean Sea 
Lying in the current, on the left-hand side, the vortices 
varied in diameter from 3-20 nautical miles, The associated 
atmospheric manifestations indicated cool surface water 
temperatures in the eddies, and down-current boundaries 
with waters warmer than those of the open current. There 


were (1) a smoother sea surface within the eddies than out- 





Fig. 1 Photograph (NASA No. SL2-10-072), taken vertically 
from the colour band of the Itek, 6-lens, 70 mm camera, 
with a 6 inch focal length lens, aboard the Skylab Space 
Station in June, 1973. The centre point of the area photo 
graphed is about 19° N 85° W and the ocean area covered 
§s 60 x 60 nautical miles (3,600 nm*). Winds were from the 
southeast at 15-20 knots; the white, small “puff-ball” 
cumulus being aligned with the wind, The Yucatan Current 
flows north (top of picture) at speeds of 1-1.5 knots in this 
location, during this month of the year, The sea surface 
expression of the e@dies are the oval, smoother, apparently 
indented features, and the atmospheric manifestations are 
the (1) disruption of the cloud streets, and (2) alignment of 
e towering cumulus (to 35,000 feet) on the downstream edge 
of the eddies. 
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side, (2) a disruption of the wind-driven Langmuir circula- 
tion in both the sea surface and the overlying atmosphere, 
(3) towering crescent-shaped cumulus over the down current 
boundary, and (4) clear skies over the eddies (Fig. 1). 
Although turbulent eddies of this nature and size have 
not been well documented, Spilhaus' noted eddies 30 miles 
in diameter during tests of the mechanical bathythermo- 
graph in the Gulf Stream. He pointed out that such scales 





Fig. 2 Photograph (NASA No. SL4-137-3608) taken with 
a handheld Hasselblad, 70 mm camera, 100 mm focal length, 
from the Skylab Space Station, December, 1973, of the 
Southwest Atlantic Ocean near the coast of Argentina; 
Puerto Deseado was visible through the cumulus, middle 
left in the photograph. The centre point of the ocean 
covered by this photo is about 48° 30'S 63°W and the 
area is 210x210 nm (44,400 nm’). During this time of the 
year, upwelling takes place adjacent to the coast (beneath 
the huge, white cumulus caught in this photo) whereas about 
100 miles offshore. a flow of warm water (50-55° F) moves 
south. Farther offshore, the cold (44-45° F) Falkland 
Current intrudes northward to the latitude of Montevideo 
(35° S). On the day this photo was taken, the warm, 
nearshore counter-current was seen to be defined by the 
“puff-ball” cloud streets in the overlying marine atmosphere, 
into which intruded the clear skies overlying the cold eddies. 
The strong interaction between the countercurrent and the 
Falkland Current was manifested on this day by the strong 
blooms of phytoplankton; the light-coloured waters visible 
beneath the cumulus clouds. 


implied a high rate of shear and were of the order of 
magnitude estimated by Rossby on the basis of a 10° 5 
shear. Further notations of “cold-water eddies’’*” have been 
of eddies on current boundaries; formed from meanders, 
and are thus of a differing origin. That such turbulence 
has gone without much documentation is probably because 
of the (1) difficulty of detecting them by conventional 
oceanographic techniques, (2) a lack of knowledge of the 
sizes, persistence, and continuity of such features, and (3) 
the lack of photographs from orbital platforms which 
enhance the ocean/atmosphere manifestations of the eddies. 

Because of their distinctive features, it was believed that 
the eddies could be examined visually by the three astro- 
nauts (Lt Col, Gerald Carr, Lt Col. William Pogue, and 
Dr Edward Gibson) aboard Skylab 4. Consequently, a 
request was made for visual observations by the astronauts 
early on the morning of 6 December 1973, as the spacecraft 
crossed the Caribbean Sea. 

The characteristic clouds were inde@i seen by all three 
astronauts, but the Sun angle was too low to enable exami- 
nation of the ocean surface in the Sun’s reflection. The 
next day, during a parallel orbital pass, but 180 miles té 
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the east, television on board scanned the Caribbean Sea, 
and the crescent-shaped clouds associated with the eddies 
were monitored to the coast of Columbia. Distinct eddies 
had also been caught by the camera during Skylab 3 
(August-September), just south of those interpreted from 
Skylab 2. Similar cloud arrangements were also photo- 
graphed south of Western Samoa, and the Gulf Stream 
east of Hatteras. The evidence was convincing, therefore, 
that turbulent vortices were constantly embedded within 
the main stream of warm ocean currents, and that they 
could be visually monitored from space. 

Subsequently, observations from Skylab 4 confirmed that 
the turbulent features were in four other ocean areas (Coral 
Sea, North and South Equatorial Pacific, and western south 
Atlantic). Furthermore, eddies with similar surface mani- 
festations, but not the towering cumulus, were observed 
east of New Zealand and in the Pacific north of Hawaii. 
These latter observations were confirmation that turbulent 
vortices of such magnitude are present wherever conditions 
are suitable, regardless of water temperature, and that 
eddies in warm currents are simply easier to see (and photo- 
graph) because of the atmospheric manifestations (Fig. 2). 

We still had no definitive data, however, from the Carib- 
bean Sea. Consequently, on January 24, 1974, personnel 
from the Navy’s Weather Reconnaissance Squadron Four 
flew over the northwest Caribbean Sea, planting air 
expendable bathythermographs (AXBTs) along two lines, 
each about 200 miles long. An AXBT was dropped every 
ten nautical miles on both tracks. Heading south, the air- 
craft followed a flight line directly over waters on the left 
side of the core of the Caribbean Current. The second line 
was 60 miles to the east over the axis of the current. 
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Fig. 3 North and south profiles of the vertical distribution 


of water temperature in the Yucatan Current on January 24, 
1974. Air Expendable Bathythermographs (AXB) were 
dropped every 10 nm from a weather reconnaissance alr- 
craft of the US Navy’s VW-4 Squadron, Jacksonville, 
Florida. Profile A was flown first, beginning at 1828 GMT 
from 20° 30’ N 86° 40° W, the aircraft proceeding south- 
east for 190 nm. Skylab orbit overhead along the aircraft's 
track from 1831—-1831:35 GMT. Profile B was started at 
2138 GMT from 18° N 83° 40° W, the aircraft proceeding 
north for 210 nm. The upward “doming” of cold water in 
the cyclonic eddies was encountered frequently along the 
first flight line, as expected in that the waters were well to 
the left of the current axis. (Note that the isotherm interval 
in the wlustration is 1° F to 70°; then 5° F to 60°. The 
vertical temperature gradient is nearly constant to depths 
of 1,000 feet.) 
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The temperature profiles (Fig. 3) indicated cyclonic 
eddies along the length of the flight line. The most dramatic 
modification of the ocean’s thermal structure was in the 
vertical displacement of the deep-lying thermocline. Along 
the core of the current, the displacements of the isotherms 
were more subdued than to the west. It became clear from 
these data that the turbulent features were constantly 
forming and growing in the strongly flowing current. 

The two most likely sources for the eddies are (1) sea- 
floor irregularities projecting into the surface layers, and 
(2) shear stresses along discontinuities in the current. 

There are reefs on the Honduras Shelf over which the 
Yucatan Current flows before reaching the waters in which 
the eddies were photographed first. That the eddies show no 
organised shedding; such as Von Karman or Kelvin- 
Helmholz vortices, could simply be the result of multiple 
points of origin, thus masking organised structure. But, 
similar eddies and their uniquely associated clouds were 
observed from the Skylab 4 spacecraft in the Brazil Current 
(Fig. 2), the equatorial Pacific, the Coral Sea, the southern 
Caribbean Sea, and the Gulf Stream. In none of these areas 
do seafloor features jut into the surface currents, Such an 
origin does not seem to account, therefore, for the observed 
eddies. 

The density discontinuity of the thermocline is well 
formed in the Yucatan Current’, A shear along this 
horizontal surface would result in turbulence, probably in 
the form of elongated “‘rols’, however. A rotation around 
a near-vertical axis would be precluded’. 

Probably, shear stresses across the velocity profile initiate 
the turbulence (as noted by Spilhaus’, and calculated by 
Rossby) rather than the other causes considered. Wherever 
the eddies have been observed, the current velocity 
diminishes sharply over distances of only a few miles from 
that in the current core. That the eddy shape is not circular 
indicates that the velocity shear takes place along a sloping 
rather than a vertical plane which is consistent with velocity 
profiles in ocean currents. 

Such turbulence has been studied in the laboratory’, and 
Brown and Roshko’ have examined it in detail and theo- 
rised on the development and growth of eddies as they 
move downstream. Should the Yucatan-type eddies be of 
this origin, then we must expect them to decrease in 
number and increase in size in a down-current direction: 
conserving vorticity through the sequence. 

Some details from the ocean may come from an experi- 
ment planned for the Coral Sea in March 1974, by scientists 
in the Royal Australian, New Zealand and United States 
navies. The earliest opportunity to check the concept of 
down-current eddy amalgamation, which in the ocean must 
take place over distances of 1,000 miles, will be during the 
joint orbital manned mission of the United States and the 
USSR, in July of 1975. By mid-1975, a better definition of 
these unique ocean features may be possible. 

We thank Lt Col. Gerald Carr, Lt Col. William Pogue, 
and Dr Edward Gibson, the Visual Observation Team, 
Johnson Space Center, Houston, and Weather Reconnais- 
sance Squadron Four, Jacksonville Naval Air Station, for 
help. 

ROBERT E. STEVENSON 
Office of Naval Research, 
Scripps Institution of Oceanography, 
La Jolla, California 
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Lipid chemistry of eastern 
Mediterranean surface layers 


Ir has been well established that organic surface films exist in 
most of the world’s major oceans'®. They consist mainly of 
natural lipid material, with generally much smaller, though 
variable, amounts of petroleum hydrocarbons. Because the 
Mediterranean Sea is a restricted area the input of petroleum 
hydrocarbon is more noticeable than in most oceanic areas, and 
the level of surface pollution is probably increasing there 
because the major outflow occurs below the surface in the 
Straits of Gibraltar. 

On a recent cruise of RRS Discovery in the Eastern Medi- 
terranean, heavy oil slicks were encountered south of Cyprus 
and off the coasts of Libya and Egypt. Large coherent lumps of 
tar (tarballs) were often present with these heavy slicks, and in 
many places the associated surface films covered more than 
60°% of the surface area. In addition, when windspeeds were less 
than 10 knots, films not associated with oil slicks covered fairly 
large areas (30-40°% at times). In certain coastal areas these 
surface films were accompanied by oil/water emulsions. 

The surface films, emulsions, tarballs and surface living 
plankton were sampled at certain stations well away from heavy 
oil slicks in the eastern Mediterranean (Fig. 1). Their lipid 
composition and the extent to which petroleum hydrocarbons 
are entering the lipids of organisms which are exposed to high 
levels of oil pollution have been studied (Table !).° 

A more detailed treatment of the results and sampling 
techniques will be published elsewhere!’, but it should be 
emphasised that great care was taken to remove surface oil 
from organisms before analysis. The results can be summarised 
as follows: 

Tarballs: in areas which were not grossly polluted by heavy 
slicks the distribution of tarballs was estimated to be 0.7- 
10 mg m~’, 

Emulsions: large scale distributions of oil/water emulsions 
were found off the Libyan and Egyptian coasts, possibly 
resulting from the practice of washing oil tanker’s storage tanks 
down with high pressure water and discharging the washings 
before entering port. We made no estimate of the total organics 
present in the emulsion form, but a 54-mesh net collection gave 
a distribution of 0.1-0.5 mg m ~? near the coast, with much lower 
concentrations in areas away from the coast. The emulsions 
were composed of both natural product organics (< 15% total 
extract) and a complex mixture of pollutant hydrocarbons 
(> 75% total extract). 

Surface film: the surface film samples gave a distribution of 
40-230 mg of organics per m?, giving an estimated film thickness 
of 0.0005-0.003 cm. These values are similar to the estimate! 
that the oil slick observed six days after the stranding of the 
Torrey Canyon, which measured 10 by 40 miles, would have 
had an average thickness of 0.003 cm. The films were composed 
of both natural product lipids (< 5% total extract), which 
would be expected to form normal monomolecular films*, 
and the complex mixture of pollutant hydrocarbons (> 85% 
total extract), which would give rise to polymolecular films**?. 

Zooplankton: safhples of near-surface crustaceans, fish and 
mixed plankton contained large amounts of hydrocarbons in 
their lipids (17-33°4 of total lipid; the lipid content of the 


* animals was 2-3 % of the total wet weight). These hydrocarbons 
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Table 1 Details of the samples 


| Estimated Estimated Estimated weight 
Sample | Type of weight of tarballs weight ofemulsion of surface film 
number Position sample (kg km~?) (g km~’) (mg m~*) 
Oe ug 35° 18° N Surface film — ~ | 190 
| 22 S'E 
2 33° FN Tarbalis 6.1 400 ~ 
22° 57 E Emulsion 
3 32° 59° N Tarballs 3.4 480 ~ 
2y a E < Emulsion 
å 33°11 N  — Tarballs 5.5 350 ~ 
27° 13°E > ~— Emulsion 
A Crustaceans A ~ ~ = 
Crustaceans B ~ — ~ 
Fish = ~ ~ 
5 33° FYN Tarballs 24 150 ~ 
29 4E Emulsion 
6 32° 3S N: Tarballs 0.7 100 ~ 
30° 31° E Emulsion 
Crustaceans ~ - _ 
7 33° 277 N Tarballs 10.0 30 = 
31° IN E Emulsion 
8 35° 42’ N Tarballs 5.4 65 ~ 
31° 41 E Emulsion | ) 
9 34° 37’ N Tarballs 1.9 110 
31° 44’ E Emulsion 
Mixed zooplankton ~ ~ ~ 
10a |t 34° 26’ N Surface film _ ~ 135 
b 33° IVE Surface film = ie oh 
4 (approximately) ae ne 7 ji 40 





* Windspeed < 10 knots. 
+ Windspeed < 4 knots. 


were composed mainly of the complex mixture found in the 
emulsion and surface film samples, quite unlike the much 
simpler, natural product hydrocarbon composition normally 
found in unpolluted marine organisms!*-*!, In addition, natural 
product hydrocarbons are usually only minor components of 
zooplankton lipids (< 5% total lipid)?*-4. 

These results confirm that the surface layers of the eastern 
Mediterranean are polluted with petroleum hydrocarbons in the 
form of surface films, slicks, oil/water emulsions and tarballs; 





_in many places the natural monomolecular surface films are 
- swamped by polymolecular oil films. The combined natural and 
< non-natural film material covers large dreas of the surface of 
! region. under calm conditions. The influence on interface 
roperties such as evaporation, solid/liquid exchange, gas 
hange between the atmosphere and sea, wave formation arfd 
















light penetration must all be considered among the 
physical effects of this pollution. The pres 

non-natural product hydrocarbons in th 

plankton samples is also a cause for concer 
either the zooplankton species examined 
effective metabolic mechanism for dealing with 
product hydrocarbons, or this mechanism has bee 
by high levels of pollutants. It may well be that 
plankton species can tolerate high levels of polluta: 


35°N 
Fig. 1 Sample sites i in n the easter 
Mediterranean. Numbe n 
Table 
30° 





carbons in their lipids without being adversely affected bu 
nevertheless, the near-surface plankton do represent a 
which these compounds can be introduced into th 
food web. 
In vieW of the increase in oil tanker traffic i in the M 
nean which will result from the re-opening and prop 
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enlarging of the Suez Canal, it seems likely that the situation 
can only become worse. 
R. J. Morris 
F. CULKIN 
Institute of Oceanographic Sciences, 
Wormley, Godalming, Surrey, UK 
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Archaeomagnetism and 
archaeoclimatic ‘forecast’? 


Ir has been suggested! that the semipermanent pattern of 
depressions of tropospheric pressure in the north polar regions 
may be associated with areas of high magnetic field intensity in 
Canada and Siberia. The physical reasons for the correlation 
are obscure, because contrary to earlier suggestions, field lines 
near the magnetic pole are not linked to the interior of the 
magneto tail”. Nevertheless, the hypothesis, as an empirical 
principle, is of wide interest in that it would not only organise 
archaeoclimatic data but it would also form a basis for long 
term forecasting of general circulation changes. 

I here test some aspects of the hypothesis by correlating 
archaeomagnetic and archaeoclimatic observations from 
various regions of the globe. Although there may be a tenuous 
correlation between them in some cases, the total pattern of 
archaeoclimatic regimes from central Europe to western 
America does not seem to follow the westward drift of the 
geomagnetic field pattern. I suggest that climatic regimes may 
be composed of a global component—related to variations of 
the solar constant—and of a possible westward drifting 
component. 

First, if there is geomagnetic control of the pressure pattern 
in the troposphere!-*, then a climatic response to long term 
variations of geomagnetic field intensity may be expected over 
the whole globe. Indeed, if the maip dipole field weakens, as 
at present, there is reason to believe that cosmic ray particles 
would be more readily accessible to the atmosphere‘. Because 
the geomagnetic dipole moment, M, declined to approximately 
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Fig. 1 a, World averaged dipole magnetic moment of the Earth 

for the past 9,000 yr (refs 5 and 6). Solid squares, averages with 

Statistically significant number of samples. b, Damon’s con- 

struction’ of deviations from the reference level (1890 ab) of 

long term averaged temperature. The construction is based on 
historical records and ocean cores. 


half of its present value in the period 3000-5000 Bc (Fig. la: 
refs 5 and 6), it may be expected that there was a major 
climatic response in the same period. Figure 1b shows a con- 
struction of the long term deviation in averaged temperature 
according to Damon’. Although the actual value of AT is 
debatable’, it is important to note that the major climatic 
optimum of postglacial times—-3000-5000 Bc—~ seems to stand 
in anticorrelation with the intensity of the geomagnetic field. 
As the climate may be affected by many factors, including 
changes in the solar constant and in the oceanic circulation 
this single correlation cannot be construed as evidence in 
support of King’s' hypothesis. 

The hypothesis that the westward drift of the semipermanent 
depression of tropospheric pressure follows the westward 
drift of the geomagnetic field pattern, can be tested by consider- 
ing local archaeomagnetic and archaeoclimatic data according 
to longitude (Fig. 2). Similar variations in the archaeomagnetic 
field intensity—-in units of the present value, B,—in both 
central Europe and Arizona-Mexico (Figs 2a and c) can, 
according to Bucha*, be interpreted as resulting from the 
westward drift of the northern geomagnetic field pattern (there 
are two regions of stronger field, over both regions): that 
would account for the 500-yr phase difference between the 
two sets of data. 

The qualitative climatic variations of Greenland—midway 
between Central Europe and Arizona~Mexico—can be repre- 
sented in terms of !*O/}O isotopic ratio deviations obtained 
from ice cores (Fig. 2b; ref. 9). In order to trace the possible 
westward drift of clear-cut geomagnetic and climatic events, 
I have identified on Fig. 2a some climatic episodes in central 
Europe. The occurrence of a cold period in Poland and 
Czechoslovakia between 800 Bc, and 200 sc, is well estab- 
lished??", although a later warm period may have been 
interrupted by minor cold episodes. The empirical association 
of this pre-Christian gold episode with the peak in geomagnetic 
field intensity at 500 Bc, is compatible with the hypothesis that 
a semipermanent low may have been located in the north of 
gentral Europe at that time. The consistency of this empirical 
association, as well as the westward drift hypothesis, can be 
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tested. A cold episode ; occurred in Greenland at about 
10 ye 200-300 yr after that in central Europe 
(Fig. 2b). (Although ere are difficulties in the chronology of 
ice-cone analysis, ref. 9 shows that the data are consistent with 
historical records in ort term, and with varve and ocean 
core chronology in the long term). On the other hand there is 
no consistent association between climatic and magnetic 
episodes in post-Christian central Europe between their west- 
ward drift to Greenland (Fi igs 2a and 5). Nevertheless, if the 
sequence of climatic and ‘geomagnetic associations during the 
cold episode in the first millenium sc is taken seriously, King’s 
hypothesis would lead to the conclusion that such an episode 
would have drifted to western North America by about 
200 ap, in accordance with the geomagnetic field drift (Fig. 2). 
The climatic record of the White Mountains of California has 
been derived from tree rings of the bristlecone pine (Fig. 2d; 
ref. 12). It can be seen that a cold episode did occur in the 
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Fig. 2 a, Archaeomagnetic intensity, relative to the present 
value B,. for central Europe, 15° E (ref. 8). The indicated warm 
period, “200 BC--1400 ap may be interrupted by minor cold 
epochs. The Little Ice Age of circa 1600 Ap is omitted. b, Archae- 
oclimatic data for Greenland (40° W) based on percentage’ 
‘deviation of 10/10 isotopic ratio in ice cores®. Longer term 
averaged data before 200 ap taken from Fig. 4 of ref. 9. The 
continuous curve after 200 ap is drawn through the centroid of 
shorter term averaged data from Fig. 2 of ref. 9. c, Archae- 
omagnetic intensity, relative p the present falue Bp, for Arizoha— 
.- Mexico, 105° W (ref. 8). d, Climatic record of the White 
-Mountains of California ( 120° W) as indicated by the widths of 
_ bristlecone pine tree rings??, In each case the horizontal dashed , 
‘A line is the mean. 















































first millenium ap; it was however, considerably Tat 
200 ap. Consequently, the archaeomagnetic and arc 
matic evidence available at present indicates only a 4 
correlation, at best. 

In examining and interpreting the correlation of dat 
cussed here, account must be taken of the preliminary n 
Bucha’s® interpretation of changes in field intensity obs 
for central Europe and western America. He suggeste 
they resulted from the westward drifting non-dipol } 
even though the estimated rate of westward drift is in agre 
ment with the better established nondipole drift of later epochs. 
As the data in Fig. 2 seem to be the only archaeoclimatic a 
archaeomagnetic data available at present for the same loca 
tions during the same epochs, I present them not only to indi- 
cate the present evidence for or against King’s hypothesis, 
but also to emphasise the need for simultaneous and local data _ 
of both types. Evidence presented in support of the proposed — 
hypothesis, including the original analysis', is based on is o- 
lated correlations; therefore, it seems that a systematic t 
such as the determination of the westward drift of geomag: 
and climatic patterns, would be crucial in determinin 
the hypothesis would be useful as an empirical prir 
organising archaeoclimatic data. On the other ha 
organisation of climatic records according to longitud 
as in Figs 2a-d, does serve to distinguish global. 
climatic episodes. Despite possible correlations 
geomagnetic field pattern, it is likely that the cold ‘episode 
about 500 Bc, and at about 1600 an, are global in nature 
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Interaction of coherent electromagnetic 2 : 
waves with relativistic electrons in. a medium ae 


A. MECHANISM IS proposed here for producing coherent photons 
by the interaction in a medium of relativistic electrons (movir g 
with velocity greater than the electromagnetic phase velocity 
in thg medium) with coherent electromagnetic waves incident- 
in the opposite direction. A new effect of potential use 
exhibited ; it is a consequence of two distinct physical pheno 
acting synergistically to result in double-Doppler-sh 
coherent waves contained’ within a Mach cone. Its applicatior 
include production of narrow band radiation at higher fre 
quencies and wave numbers than are at present available from — 
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lasers, which has implications for holography and for improved 
pumping efficiency and production of narrow band submilli- 
metre waves from microwaves, which has significance. for 
communications. 

When a material body moves in a medium with a speed 
greater than that of the waves it produces in the medium, the 
energy accumulated in these waves cannot get ahead of the 
moving body, resulting in a wave with a sharp discontinuity 
on the Mach cone. In the field of hydrodynamics, the basic 
phenomenon is a shock wave. For a charged particle moving at 
a constant speed in a medium with index of refraction greater 
than unity, and with particle speed exceeding the phase velocity 
of light in the medium, the radiated wavelets emitted by the 
medium under the action of the field of the particle at different 
points of its path interfere constructively at the Mach angle, 
resulting in Cerenkov radiation. The radiation vanishes outside 
the Mach cone and peaks sharply near the edge of the cone. 

A similar discontinuity and attendant enhancement of 
radiation near the edge of the Mach cone ought to occur 
because of the effect, on suitable media and at appropriate 
particle velocities, of the scattered-radiation field of a charged 
particle accelerated by a coherent electromagnetic field, but at 
the double-Doppler-shifted frequency that characterises 
Thomson (Compton) backscattering of laser light from energetic 
electrons. 

Conversion of optical photons into ones of higher frequency 
in a vacuum by Compton backscattering of laser photons from 
energetic electrons has been observed! ? in the laboratory. This 
vacuum effect? does not fully exploit the coherent-wave 
nature of the laser source, and the original discussions? of 
this effect did not consider the coherence properties of the 
incident radiation. 

We extend these considerations by taking into account the 
coherence of the field driving the charged particle and by 
examining the laser-stimulated wave emission under conditions 
where the velocity of the scattered-field source exceeds that of 
field propagation in the medium. The properties of the scattered 
wave in these conditions are essentially different from Compton- 
backscattered waves in vacuum. We also discuss possible 
constructive interference from many-electron effects. The 
calculation is classical since the basic effect does not depend 
essentially on the quantum nature of light. Quantum corrections 
are small for most parametric ranges of interest. 

We consider a relativistic electron moving with speed u, 
along the positive z axis, in an infinite medium of unit magnetic 
permeability. The electric field of the unterminated plane wave 
incident in the opposite direction (head-on collision) is 

E, (x,t) = Eosin (Oo t + koz), (i) 
where Koc = Won, c is the speed of light in vacuum and n is 
the index of refraction at the incident laser frequency. All 
quantities and results are in the rest frame of the dielectric. 
We consider first the case of a slightly dispersive medium, so 
that the dielectric constant ¢ at the scattered frequency can be 
reasonably approximated by a constant, though we include the 
possibility s= n°, and take B's > 1, where B = u/c. The 
scattered double-Doppler-shifted field (in cylindrical coordinates 
p, z) is, to order Ep, 

0 


E (p, z, 1) = 2 (re/ 0) (1/70) Eo 5 { (©) © (yut-8) 
z cos [a (y2u?t?-p?)¥/ 2 ] 
(yu? t?-p?)? J (2) 
where r, is the classical electron radius, yy = (1-B?)~?”?, 
y = (B? e—1)1?, O(x%) =1 for x > Oand O(x) = 0 for 
x < 0, t = t — (zju), Q = My+kgu, and ca = y QE. 
The component K, of the wave number for propagation of 


x cos [Q (y?t— 


the scattered wave in the z direction is s 
K, = (Q,/u) (1+y~*) (3a) 
where 
Q: = PA = [w, (+n) B —1)] (3b) 


is the corresponding frequency of propagation; thft is, this 
component of the wave has a phase velocity v, dictated in part 
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by the electron velocity, 

v: = Uu(l+y 7?) = c/(Be) (4) 
Note that the maximum enhancement of the frequency, at 
least for the simple model considered here, occurs just above 
threshold for the effect. As B increases beyond threshold, for a 
constant s, Q, decreases. This differs qualitatively from the 
vacuum effect, where the scattered frequency increases monoton- 
ically with B. The effect can therefore be optimised for certain 
parametric ranges by suitable adjustment of e for a given 
medium, for example, by varying the density of a gas. Scattered 
coherent waves of 10? to 10° times incident infrared frequencies 
should be realisable in low-density gases with O < ¢(Q,) 
-l <i. 

The scattered field vanishes outside the Mach cone of half 
angle @ = sin ™ (yp/u), where vp = (c/e'/*) is the phase velocity 
of electromagnetic disturbances in the medium; v, = yp Sin @. 
The intensity increases sharply as the conical edge is approached. 
The singularity in Equation (2) for the field on the cone is in 
reality smoothed out by the absorptive properties of a dispersive 
medium, as in the Cerenkov case, and by energy losses of the 
charged particle, which serve to place a lower limit on the 
parameter Q = y?u?t?-— p? that results in the singularity for 
Q = 0 when dispersion and these losses are not taken into 
account. 

To estimate the field energy of the scattered double-Doppiler- 
shifted wave, we keep only the dominant contribution to the 
expression (2) in the frequency range 10" to 10° rad s~' for 
©, and take the energy loss in the medium into account pheno- 
menologically. The ratio n of the energy scattered from a 
single electron to that of the portion of length L of the laser 
beam which overlaps the electron beam in the dielectric is then 
n = (2nr?./A) (Li/L) (y/¥ 0)? (2.2/0)? (Be)? (Q,7 4)? In (R/2 G 
where R is the range of the electrons, L; is the distance over 
which the Mach cone builds up (the interaction length), A is 
the cross section of the laser beam and Tt, is a representative 
value of t during the time 7 of interaction of a single electron 
with the incident wave in the medium. We assume the total 
lengths of the laser and electron beams to be larger than the 
dielectric thickness, which is readily achievable and renders 
independent of these lengths the ratio n and, for fixed electron 
beam density, the quantities Noon and Nincon given below. By 
definition, we then have L œ Li, and geometry of the cone 
dictates t, ~ 7/3. From equations (5) and (3b), n is proportional 
to y!°, so that a change of B’e from 1.2 to 1.05, for example, 
increases n by three orders of magnitude. We have, however, 
made no systematic effort to optimise the various relevant 
parameters such as dielectric constant, electron energy, or 
pulse time and total energy of either the electron or laser beam. 

Expressions (2) and (5) apply toscattering from a singleelectron. 
The number N of electrons in the beam that act at a fixed 
time to produce the desired effect is given in terms of the total 
number N, of beam electrons by N = N, (d/L,.), where we 
assume the electrons to be uniformly distributed in a beam of 
length Le and d is the thickness of the dielectric. Two limiting 
cases will be considered. 

For electrons bunched in space-time so that the resulting 
phases (Q,1— Kz) of the waves scattered from different electrons 
are all within, say, the same quadrant, these waves will add 
constructively. Because the electron and wave velocities are 
nearly equal, waves scattered from electrons bunched within 
1/4 wavelength A of the scattered radiation will also be within 
1/4 period of one another. Such constructive interference from 
randomly distributed electrons may be realisable by using a 
thin dielectric film of thickness = A/4. The number N. of 
electrons in the beam that can act coherently is then given 
by Ne = No (nc/2Q.L,.). Additional enhancement may be 
obtainable by using a suitable array of periodically spaced 
thin films, by modulating the electron beam and by time phasing 
of the laser pulse. In adding coherently the contributions from 
different electrons, one should in principle fold in a factor for 
fhe spread in electron velocities. In practice, the phenomeno- 
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logical treatment referred to above takes this partly into 
account. For an interaction region larger than a wavelength, 
the total intensity of radiation from randomly distributed 
electrons will be the incoherent sum of the individual electron 
contributions. The ratio for coherent scattering from a beam 
of electrons interacting in a single thin dielectric, d = 4/4, is 
Reon = N?N. For d> A/4, we get Nincon = NN. 

As a specific example, we consider an electron beam that 
delivers Na = 10" electrons ina 5 x 10~° s pulse at an average 
energy of 5 MeV (Le~ 1,500 cm, Yẹ =~ 10), and a dielectric of 
thickness d = | mm, R = 1 cm and e = 1.2, so that y’ ~ 5 
and ,/@, ~ 10. Taking an infrared laser (101+ Hz), for which 
Q.t, ~ 6,000 produces an ultraviolet incoherent scattered 
wave of relative intensity Nincon ~ 107%. For a thin film of 
d = 2/4 = 7.5 x 10— cm, the coherent scattered wave is in 
the ultraviolet with neo, = 4 x 1075. 

The portion of the electron beam that can contribute to the 
process will in general be limited by the time over which the 
essential dielectric and material properties of the medium are 
not destroyed by the laser or electron flux. Estimates for glass 
indicate no significant change in the electric susceptibility for 


the above laser and electron parameters. But for a 5-MeV- 


electron beam with N, > 10, the physical state of the glass 
may alter before all the electrons have passed through. 

The effect can also be used to generate coherent millimetre 
and submillimetre waves from intense coherent microwaves, 
such as from magnetrons, in slow wave or periodic structures 
(simulated dielectric media). In the case of such simulated 
dielectric media, where the effect we consider can actually take 
place in vacuum, the duration and intensity of the scattered 
radiation are not limited by either the dielectric or the material 
properties of a medium. 

The discussion up to now has involved scattered radiation at 
energies below those at which atomic resonances occur, for 
which the assumption of slowly varying electric susceptibility 
is expected to be valid. The general nature of the physical 
mechahism underlying the effect we have discussed strongly 
suggests however that the qualitative features of the effect will 
persist in the region of anomalous dispersion corresponding to 
X-ray and y-ray frequencies, inasmuch as the electric suscepti- 
bility for suitable media can be positive in these frequency 
ranges®’’. 

By adjusting such radiation to resonance with the energy 
required to excite some metastable state, the effect can be 
applied to achieve substantial population inversion at these 
higher frequencies. Such selective pumping to the metastable 
State would improve pumping efficiency over either flash or 
electron-beam excitation alone. The medium in which the 
radiation is produced can be, but does not have to be, the same 
as the system being pumped. 
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and M. Schwartz for support. 
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Intermolecular basis of odour 




















THREE quite different theories of odour discrimination are | 
in favour at present. The ‘site filling theory’ of Amoore’ - 
relates molecular shapes to odour types and identifies some — 
classifications as primary. The penetration and puncture — 
theory of Davies’ develops a physical model for impulse- 
transmission. The key physical properties involved are the 
molecular size and the adsorption coefficient between air = 
and a lipid—water interface. Wright’ has correlated vibra- : 
tional frequencies in the far infrared with the quality s o 
odour. n 
All these theories, however, do agree that although there. af 
is no clear relationship between the functional group(s) | ae 
present and odour, the mechanism of interaction with the __ 
receptor(s) must be physicochemical involving — either a oS 
electronic, vibrational or rotational forces or any combina-  — 
tion of these. s 

Here I present evidence which implicitly correlates both ` 
odour quality and odour thresholds with the depth of the- 
intermolecular potential energy well formed between the 
odour-producing molecule and the unknown receptor sit 

There is a relationship between the depth of the pairwise 
intermolecular potential energy well and the normal boiling 
point of a substance’; the depth of the well increases linearly 
with the boiling point (K). The negative derivative of. 
potential with respect to intermolecular separation is 
measure of the electronic interactive force. 

In the case of the interaction of a molecule with the 
receptor site the depth of the potential well formed will 
depend on the nature of the charge distribution of the - 
odorant molecules. If only one baSic type of receptor 
is assured, with numerous formal charges, then some 
relation should be possible between the normal boilin 
of a molecule and its odour type. I have found the 
boiling points for 253 of 418 ethereal, camphorous, T 
almond, aromatic, floral and musk compounds listec j 
Amoore’. Table 1 summarises the results giving average 





Table 1 Average boiling points and standard deviations of different 
odour classes ka 


Class* Average boiling point (KO s.d. (K) 
Ethereal 346 66 
Camphorous 450 40 
Minty 453 36 
Almond 457 45 
Aromatic 482 49 
Fioral 498 48 
Musk 636 81 





* Pungent and putrid classes were not considered since these canbe 
understood in terms of highly reactive functional groups. © 


values and standard deviations for each odour class. 
Ethereal compounds have the lowest boiling points with the © 
musks at the other extreme. Both of these have average o < 
values quite far removed from those of the other groups 
(camphorous, minty and almond) whose average values are = 
so close to one another as to be indistinguishable. This is 
interesting in that many of the compounds possess more 
than one of these three odours at a time. The lowest boiling > 
compound of all the molecules is ethylene (ethereal, 169 K) 
Very low boiling compounds such as CO (81 K), CHi- 
(112 K), O: (90 K), Ne (77 K) have small interactive- 
eleatronic forces with the receptor site and hence are odour- 
less. 

A better correlation is achievable if boiling points o 
compounds with the same functional group are classifi 
separately. Table 2 lists saturated halides in terms of 3 
creasing boiling points. If one assumes that for the halides. 
377 K is the cutoff for ethereal compounds then one obtains 













Table 2 Boiling points (b.p.) and odour classifications (0.c.) of alkyl 


halides 
_ Alkyl halides b.p. o.c.* Alkyl halides bp. oc 
` Methyl chloride 249 E Pentachloro- 
Methyl bromide 278 E ethane 435 E 
Ethyl chloride 285 E 1,3-Dibromo 2, 2- 
Ethyl bromide 311 E dimethyl propane 460 E 
-= Methylene chloride 313 E 1,1,2-Tribromo 1,2,2 
Methyl iodide 318 E trifluoroethane 390 C 
Propyl chloride 329 E 3-Chloro 2,2,3- 
Chloroform 334 E trimethylbutane 403 C 
Ethyl iodide 345 E Hexachloroethane 458 C 
Carbon tetra- 1,1,2,2-Tetrabromo- 
chloride 350 E chloroethane 475 C 
1,2-Dibromo 1,1,2- 1,1,2,2-Tetrabromo- 
trifluoroethane 350 E difluoroethane 477 C 
Propyl iodide 375 E 1,1,2-Tribromo- 
1,2,2,2-Tetra- cyclobutane 503 C 
bromoethane 377 E 1,2,2,3-Tetra- 
Bromoform 422 E bromopropane 528 C 


Sasoia perenne es 

Boiling point at 1 atm (K). Some of the values have been extra- 
-polated from reduced pressure boiling points. With some of the 

: musks we can only give an inequality but these are reasonable. 

: * Odour classification code. E, ethereal: C, camphorous. 














oh == 0.25 and P = 0.38. Similar success is obtained when 
looking at other functional groups. 

In Table 3 the negative log of the odour threshold con- 
centration is computed for a series of saturated alkanes 
and compared with experimental values’. The thresholds 
_ (negative log of the concentration) are computed by assum- 
ing the correct value for ethane and that the other thres- 
holds should vary by the proportion of their boiling point 
(K) to that of ethane (K). These results give a high correla- 
tion A? = 1.22 and P = 0.005. Since the potential well depth 
increases with increasing boiling point, fewer molecules 
would be needed to trigger an impulse. Similar success 
is obtainable with other classes of molecules. 





Table 3 Computed compound with experimental values of the 
negative log of the threshold concentration for a series of alkanes 


Compound T(K) Calculated threshold* Experimental thresholdt 


Ethane 185 — 3.08 
Propane 23] 3.85 3.31 
Butane 273 4.55 4.28 
Pentane 309 5.14 5.32 
Hexane 342 5.69 5.57 
Heptane 371 6.18 5.79 
Octane 399 6.64 6.21 
z Nonane 423 7.04 6.33 
co Decane 446 7.43 7.10 
ooo Undecane 468 7.79 6.83 
Dodecane 488 8.12 6.66 
Tridecane 507 8.44 6.64 


* Negative log of the threshold concentration (mol 1 ~) calculated 
by taking (T» (K) system)/(7» (K) ethane) x (negative log of ethane 
threshold). (Ta = normal boiling point). 

t Negative log of experimental threshold concentration (mol 17) 

determined from values in ref. 5. 


ie _ The theory outlined above fits in with the Davies theory, 
= since it may be the mechanism by which the odorant 
-= molecule opens up the space in the cell membrane to induce 
charge flow. The theory above also gives support to Wright’s 
vibrational correlations since the vibrational energy level 
separations reflect the shape of the potential energy qurve 
and hence the rate of energy transfer. It appears that the 
difference between minty, camphorous, and almond odours 
has more to do with the shape of the potential energy curve 
than with the depth of the well. In these terms the nearly 
infinite nuances of odour can be understood. | 
Randebrock*® has suggested that the a-~helix protein 












molecule may be a receptor site for odour. It should now 
be possible using electrostatic models. based on quantum 
mechanical charge densities for such molecules to see if a 
correlation of potential energy surface and odour can be 
established for this or any other suspected receptor 
molecule. 
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Coevolution of Danaid 
butterflies with their host plants 


Mate butterflies of the nymphalid subfamily Danainae possess 
pheromone disseminating organs (hairpencils) the secretions of 
which function as female flight arrestants or aphrodisiacs? and 
in some case as female attractants!. The hairpencil secretions of 
a number of Danaid species contain dihydropyrrolizine deriva- 
tives*™® which are obtained from pyrrolizidine alkaloid plants 
by adult feeding*.’. A dihydropyrrolizine ketone isolated? from 
the hairpencils of Danaus gilippus herenice Cramer has been 
shown to be the flight arrestant or aphrodisiac pheromone in 
this species** and we believe that the related dihydropyrrolizines 
found on the hairpencils of other species may perform a similar 
function. We propose here one possible explanation for the 
unusual dependence of male Danaid butterflies on pyrrolizidine 
alkaloid plants. i 

Many Danaid species apparently store in their body tissues 
vertebrate heart poisons (cardenolides) sequestered by their 
larvae from food plants?®!! which are found primarily in the 
cardenolide containing sections of the Asclepiadaceae and 
Apocynaceae’”, The Danaids’ association with cardenolide 
plants is considered to be an important factor protecting them 
from vertebrate predators. 

The pyrrolizidine alkaloid plants most commonly sought out 
by adult males are species of the Boraginaceae which contain 
the 1,2-unsaturated allylic ester type alkaloids}? for which 
metabolism into the hairpencil dihydropyrrolizines is readily 
envisaged. Other sources of this particular type of pyrrolizidine 
alkaloid which are visited by male Danaids, are the tribes 
Senecioneae and Eupatorieae of the Compositae and the genus 
Crotalaria“ of the Leguminoseae". 

We suggest that the Danaid’s use of, and dependence on, 
pyrrolizidine alkaloids may have developed during a period 
when these alkaloids were constituents of their larval food 
plants. Based on current views of the phylogeny of the plants 
concerned we propose that the early larval food plants contained 
both pyrrolizidine alkaloids and cardenolides and that they, 
perhaps under pressure of insect predation (see below), split 
intO a cardenolide and a pyrrolizidine alkaloid branch. The 
Danainae then retained protection from predators by evolving 
as larval feeders on the cardenolide plants with the males visiting 
pyrrolizidine alkaloid. plants to obtain their pheromones. 

Our’proposal is consistent with the phylogenetic classifications 
of Cronquist? and Takhtajan'* if the ancestral food plants 
occurred early in or before the evolution of the subclass 
Asteridae and diversified according to the scheme shown in 
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Fig. 1 Proposed origin of the pyrrolizidine alkaloid- and cardiac glycoside-containing sections of the plant families in the subclass Asterida 
with which Danaid and Ithomiid butterflies associate showing the distribution of cardiac glycosides (cg) and pyrrolizidine alkaloids: 


Fig. 1. Of the pyrrolizidine alkaloid plants which male Danaids 
visit, only Crotalaria species are found outside this subclass. 
They may be an earlier branch of the postulated ancestral host 
plants (compare with Takhtajan'*) or represent an independent 
development of this particular type of pyrrolizidine alkaloid. 

Divergence of the original food plants might have occurred 
as a result of the dependence of the early Danaids on pyrrolizi- 
dine alkaloids and cardenolides. Because of their importance to 
the Danainae both of these substances, or related marker 
substances, probably provided the cues for locating, and the 
stimulus for ovipositing on, the early larval food plants. This 
would have favoured the survival of plants which were naturally 
deficient in one or other of these chemicals. 

The possibility of co-occurrence of cardenolides and pyrrolizi- 
dine alkaloids in progenitor species is exemplified by Urechites 
karwinsky, Mueller, (Apocynaceae) (also referred to as Fernaldia 
pandurata (A.D.C.) Woodson"). A dihydropyrrolizine closely 
related to the Danaid hairpencil dihydropyrrolizines has been 
isolated from this toxic plant!® and other toxic species of the 
genus are known to contain cardenolides'*:*". We regard as 
highly significant the fact that U. karwinsky is used as a larval 
food plant by a primitive Ithomiid butterfly, Tithorea harmonia 
salvadores Staudinger, whose larvae bear a close affinity to those 
of certain Danainae”. The subfamily Ithomiinae (Nymphalidae) 
is closely related to the Danainae** and in common with 
male Danaids, male Ithomiids are attracted to, and feed on 
Heliotropium indicum L. (Boraginaceae), which contains pyrro- 
lizidine??. Their larvae feed primarily on Solanaceae!? but 
notable exceptions are species of the genus Tithorea whose 
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„Order Scrophulariales- oS 
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larvae feed, like certain of the Danainae, on Apocynaceae”, | 
The Tithorea harmonia salvadores-Urechites karwinsky associa- 
tion may therefore be a conservative development from, and 
provide a model for, the ancestral association we have proposed. 
By considering the pyrrolizidine plants visited by adult 
to have evolved from earlier larval food plants. the { 
behaviour of the Danaids and the development of the hairy 
chemicals as female flight arrestants and at tractants can be m 
readily understood. Thus, it is envisaged that mating of earl 
Danaids occurred in the vicinity of the larval food plants an 
that males subsequently developed the means of. storing 
disseminating volatile pyrrolizidine alkaloid-derived pl 
stances then used by the females to locate the larval food pl 
By disseminating these substances in the vicinity of a female 
flight they would be able to make her settle and thus effe C 
mating in a place remote from the larval food plant. Such 
development would have offered an expanded habitat for the 
insects and would have become essential for their survival during. 
divergence of the original food plants when the females were 
being selected for their ability to find and oviposite on carden 
olide plants, which gave their offspring protection from 
predators, while the males were seeking out pyrrolizidine plant ` 
Males make up over 90% of the butterflies attracted to 
pyrrolizidine plants but a small proportion of females of somè ` ae 
species also visit them“? (Table 1). This may be the remnant of. | 
a behaviour pattern and olfactory acuity associated with loca- ee 
tion of the earlier larval food plants which has not yet been a 
completely lost from the gene pool of the females. Tithorea = 
species again seem to be exceptional and, in agreement with the 




















Table 1 Typical collections of Ithomiinae attracted to Heliotropium indicum L. 
Species Males Females 
*Ithomia iphianassa iphianassa D.-H. j 166 (98.2%) 3 (1.8%) 
* Hymenitis dercetis H.-S. 294 (99.7°%) 1 (0.3%) 
*Preronymia beebei Fox and Fox s 329 (94%) 21 (6.0%) 
+Tithorea harmonia megara Latr. 3 (60%) 2 (40%) 
tTithorea terracina pinthias Godman and Salvin F 2 (20%) 8 (80°) 





* Collected at Estacion Rancho Grande, Parcque Nacional! Henri Pittier, Aragwa, Venezuela; July-August; 1972-73. 
t Collected at Wm. Beebe Research Station, Arima, Trinidad; July 1962. 
t Collected at Cerro Campana, Panama; April 197 i. 











-conservative development we have proposed for Tithorea, both 
males and females are attracted (Table 1). 

The existence in the past of plants containing pyrrolizidine 
alkaloids and cardenolides might explain Rothschild’s observa- 
tion™ that certain moths of the families Arctiidae and Ctenu- 
chidae also utilise both these phytochemicals. 

We thank A. Muy$hondt for information on the larval food 
plant of T. harmonia salvadores and G. Goss and D. Black for 
comments. T.E.P. was supported by a National Science Founda- 
tion grant. 
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‘Fimbriae’ in the fungus Ustilago violacea 


LONG fine hairs, called fimbriae’, or pili?, are commonly 
found attached to the cell walls of Gram-negative bacteria’. 
but do not seem to have been reported in other organisms. 
We report- here that the yeast-like sporidial cells of the 
anther smut fungus Ustilago violacea also produce fimbriae. 
At present the use of the term fimbriae for these fungal 
hairs merely denotes a close morphological and develop- 
mental similarity to the bacterial structures; however, 


< preliminary investigations of the fungal ‘fimbriae’ indicate 


that there may be chemical and functional similarities too. 

The fimbriae of U. violacea can readily be observed when 
sporidia from a log-phase population are washed at least 
three times in particle-free distilled water, and then air 
dried on a Formvar-coated grid before shadowing with 
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tungsten oxide at an angle of 18-25°. The fimbriae resem- 
ble bacterial fimbriae in the following ways. aed 

(1) They are of similar dimensions, being about 1-10 wm 
long and 60-70°A in diameter. They are curved and flexible 
and do not branch or taper. The apparent branching of 
the fimbriae in Fig. 1 is common and occurs when they 
twine together to form multistranded ‘cables’ which may 
dissociate into the individual strands. They resemble the 
curved fimbriae of Vibrio spp." rather than the rigid, 
straight type I characteristic of Escherichia col? and Sal- 
monella. We cannot be certain whether or not they have 
the hollow helical structure characteristic of these type I 
and F fimbriae, but apparently absent from the Vibrio 
forms. | 

(2) Fimbriae originate below the cell wall and penetrate 
through it. Freeze-etched preparations show particles of 
about 70-100 A on the outer surface of the plasma mem- 
brane and corresponding projections on the inner surface 
of the cell wall. Sectioned walls are traversed by fibrils 
70-100 A in diameter which apparently are fimbriae pass- 
ing through the cell wall. 

(3) As in bacteria, populations of cells in logarithmic 
growth are the most fimbriated, while stationary phase cells 
are hairless. Broth cultures are much more fimbriated than 
cultures from nutrient agar plates. But, even in heavily 
fimbriated populations, the quantity of fimbriae on indi- 
vidual cells appears to vary greatly from 0 to more than 
200. Similar variation has been found in bacteria’. The 
fimbriae seem to be susceptible to mechanical damage and 
may contract into tight coils on the surface of most cells 
in particular regions of a grid. Similar coils are produced 
on all cells by treatments with various reagents including 
the fixatives glutaraldehyde and formalin. 

(4) The fimbriae can be removed easily from cells by 
violent mechanical agitation in a blender, by sonication or 
by centrifugation through a viscous liquid (for example, 
40% sucrose). In bacteria, fimbriae regenerate very rapidly, 
beginning about 10 min after reinoculation into nutrient 
medium’. Similar rapid regeneration occurs in U. violacea 
as the fimbriae begin to appear in less than 1 h and reach 
normal length (about 3-7 um) in less than the cell cycle 
time of 5 h. Again as in bacteria the fimbriae are constantly 
produced and shed by cells so that many free unattached 
fimbriae can be observed in all cultures. 

(5) Type I bacterial fimbriae are composed mainly of a 
protein called pilin?. The fimbriae of U. violacea are com- 
pletely digested by treatment with pronase and thus con- 
tain protein throughout their Jength. Treatments with 
ether, DNase or RNase do not affect them, and they are 
not stained by phosphotungstic acid (PTA) or ruthenium 
red. We conclude that they may be largely and perhaps 
entirely composed of protein. 

We are examining other yeasts and yeast-like fungi to 
determine whether such fimbriae are common. No species 
we have investigated so far reveals the long fimbriae of 
U. violacea and indeed even the strains of this species 
maintained by the Centraalbureau voor Schimmelcultures, 
Baarn, The Netherlands, show fewer fimbriae. However, 
short hairs and other extensions are produced by some 
yeasts in genera such as Lipomyces, Nadsonia and Saccha- 
romyces. Thus the presence and structure of surface hairs 
may have significance for the taxonomy of yeast-like fungi. 
We have observed short hairs in Saccharomyces cerevisiae 
which are probably extracellular extensions of the micro- 
fibtils that Moor and Miihlethaler observed arising from 
particles on the plasma membrane and penetrating into the 
wallt. These hairs are more frequent on flocculent strains 
than on non-flocculent forms. 

What role do the fimbriae play in the growth of the smut 
cell? Even though bacterial fimbriae were described about 
20 yr ago the functions of the several kinds are largely 
unknown, except for the F fimbriae which are thought 
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Fig. 1 


Metal shadowed preparation of a sporidium of 
Ustilago violacea, showing many long flexible fimbriae. The 
apparent branchings are always associated with reduction 
in width and are due to dissociation of multistranded 
‘cables’. The bar represents | ym. 


to transport DNA molecules from F° or Hfr cells to F 
recipients. Brinton’ has suggested that the other fimbriae 
are involved in transport of metabolites or informational 
macromolecules, colicin-like killing of other cels, or sim- 
ply adhesion to surfaces. He has also suggested that some 
fimbriae are rod shaped viruses being released from the 
cell in a manner similar to the release of the DNA male 
phages. 

The function of fungal fimbriae is at present a matter 
of speculation. The suggestions made above for bacteria 
are equally applicable to the yeast-like Ustilago cels. One 
possible role would be in the mechanism of conjugation. 
We have shown that development of the conjrgation 
bridge depends on mutual information transfer at an 
early stage in courtship’’. We speculated that such in- 
formation transfer was mediated ‘probably through hairs 
on the glycocalyx". The fimbriae described here provide a 
firm morphological basis by which this information trans- 
fer could occur, as we have evidence showing that fimbrial 
connections are formed between the cells in the erly 
Stages of the conjugation process. We are investigating 
the synthesis and structure of the fimbriae in U. violacea 
and their possible role in conjugation. A full account of 
this work together with a description of fimbriae in other 
yeast-like species will be published elsewhere. 

We thank Dr J. E. Cummins for advice. 
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In vivo hybridisation of human 
tumour and normal hamster cells 


Ir is exceedingly rare for neoplasms to be invasive and meta- 
static when grafted in xenogeneic hosts!. During the past 7 yr, 
we have on numerous occasions observed the production of 
invasive and metastatic tumours in hamsters soon after injecting 
human cancer cells of diverse histopathology into their cheek 
pouches**’. We have interpreted this biological phenomenon 
as due to the in vivo fusion of the human tumour with normal 
hamster host cells***, although the involvement of oncogenic 
viruses was not excluded. Recently, other evidence supporting 
the hybridisation of tumour with normal cells in vivo has 
appeared’. The significance of such events in the neoplastic 
process, however, has yet to be appreciated. 

It is our view that such in vivo cell hybridisations in xeno- 
geneic and perhaps also in isogeneic systems are a means by 
which neoplastic cells can progress to more advanced states of 
malignancy, as exhibited by the properties of invasiveness and 
metastasis*?!®, Utilising advances made in methods for 
individual chromosome identification, we have now obtained 
karyological evidence suggesting the in vivo fusion of trans- 
planted human cancer cells with putatively normal hamster 
cells, resulting in the formation of very lethal neoplasms. 

As performed in previous studies*~’, a portion of an astrocytic 
glioma (Fig. la) from the brain of a 44-yr-old female was in- 
jected as a fine cell suspension into the cheek pouches of nine 
male golden hamsters (Mesocricetus auratus) weighing 50-60 g. 
No immunosuppressive host-conditioning measures were used. 
Fourteen days later, a large tumour measuring 1.1 cm in dia- 
meter was confirmed in only one animal's cheek pouch. The 
microscopic appearance of the tumour graft did not resemble 
that of the original human neoplasm (Fig. 14). Four weeks after 
transplantation, this animal expired with widespread meta- 
stasis to all major organs, including the lungs (Fig. 1c) and the 
adrenals (Fig. 1d). Aliquots of the first passage cheek pouch 
tumour were then grafted to other hamsters, in their cheek 
pouches or intraperitoneally, as well as explanted in cell 
culture. Our cell culture techniques have been described 
elsewhere". Both in vivo and in vitro, a continuously propagable 
tumour cell line resulted, and has been termed GB-749, Either 
growing in the cheek pouch or in the ascites form, GB-749 has 
been uniformly lethal for its hamster host. 

GB-749 cells from the fifth ascites and fifteenth cheek pouch 
tumour passages were placed in culture for 6 and 18 d, respec- 
tively, before collecting for cytogenetic analysis; the cancer 
patient’s peripheral blood cells were treated similarly, except 
for the addition of phytohaemagglutinin, according to standard 
cytogenetic methods'*. Counting the chromosomes of 50 GB- 
749 cells of each passage revealed that between 52 and 60% of 
the cells had a modal range of 58-60 chromosomes. Twenty 
cells of each transplant generation were karyotyped after 
bandfhg the chromosomes by the trypsin-Giemsa method’, 
and all of the aneuploid tumour cells examined contained both 
hamster- and human-like chromosomes. The karyotype of a 
representative GB-749 cell is reproduced in Fig. 2a, showing 
chromos8mes with banding patterns typical for both human 
and hamster chromosomes. 
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Table 1 


Frequency of human and hamster chromosomes (single or pairs) in 20 karyograms of GB-749 hybrid tumour cells 





Fifth ascites passage 


Chromosome No. X | 2 3 4 5 6 7 11 213 4 & 6 7 8&8 B @ 2 

Hamster is 7 R 461 þr “pn Apr A BE ses BH PD Ww D 2 

Human 0 z js 4 0 | | 2 0 | 0 7 3 0 0 O 0 0 10 0 0 14 
Fifteenth cheek pouch passage 

Chromosome No. X | 2 3 4 5 6 7 8 9 10 1l 12 13 14 15 16 17 18 I9 20 21 

Hamster 10 10 17 5 13 19 20 18 16 19 18 19 20 B 20 20 20 j I8 20 20 4 

Human 0 0 10 8 0 0 0 | 0 5 | | 0 | 0 | | 0 7 0 0 15 


O ĂĂSĐĂĎŰČMIEHEESEHEHEHHEHHEHHÏEHHEHHEEREEģEISTHEFFHFIFIFEFFIÄHEFÄHFHHFHËãÄHËHËãąHEHŽJASSIJÈĒÈHHS3F3333ãÄ3ÄNNNNNNSNSĂÃ 


Table 1 shows the frequency of each hamster and human 
chromosome identified in the fifth and fifteenth hamster 
transplant passages of GB-749. Chromosomes with a hamster- 
like banding pattern predominated in both cell generations. 
A significant number of the human-appearing chromosomes, 
however, No. 2, 3, 11, 18, and 21, were present among the 20 
karyotypes examined at random. 

The resemblance of the banding patterns of the human-like 
chromosomes most frequently found in GB-749 to their 
counterparts in the patient’s peripheral lymphocytes is demon- 
strated in Fig. 2b. At times, the hamster’s chromosome No. 9 
looked very similar to the human chromosome No. 11 and 12, 
but the ones chosen in this figure clearly indicate the presence 


Fig. 1 
tumour before heterotransplantation and of the human/hafMster 


Microscopic morphology of original human cerebral 


hybrid tumour, GB-749 (hematoxylin and eosin, 208. a, 

Patient’s poorly differentiated astrocytic glioma showing 

pleomorphic tumour cells and a proliferation of the vascular 

endothelium; b, GB-749 tumour cefls growing in the hamster 

cheek pouch; c, GB-749 metastasis from hamster che@k pouch 

to lungs; d, subcapsular focus of GB-749 tumour cells in adrenal 
4 weeks after transplantation to the cheek pouch. 





of the human 12 chromosome in GB-749. Of additional interest 
is the occurrence of pronounced satellites on the short arms of 
the 21 chromosome, both in the patient's peripheral blood cells 
(H) and in the GB-749 tumour (T) produced in hamsters and 
serially propagated in these animals and in cell culture. In 
addition, this chromosome had a centromeric banding pattern 
typical for the human 2! and distinct from that of any normal 
hamster chromosome of this size and form. Our recent identifi- 
cation of small acrocentric chromosomes, however, with similar 
distinguishing features in mouse melanoma/hamster cheek 
pouch hybrids produced in vitro, and in two other presumptive 
human/hamster hybrid tumours established in vivo", raises the 
question of whether this might represent a marker chromosome 
for such tumours in the hamster, and not necessarily be of 
human derivation. We are cognisant that rearrangements of 
hamster chromosomes could have resulted in banding patterns 
similar to those ef the chromosomes identified as human by this 
morphological nethod. 

The frequency of spontaneous cell fusion in vitro has been 
reported to be very low for most cell types combined, and has 
been estimated to occur at | lO to 5 10 (ref. 14). The 
increased frequency of somatic cell fusion induced with the aid 
of myxoviruses'**'* raises the possibility that the in vivo hybridi- 
sation suggested in this human tumour transplantation and 
in previous studies?” may have been influenced by tumour- 
or host-borre fusing agents. 

It is usua’ for many somatic cell hybrids to lose selectively the 
chromosomes of one of the parents while the chromosomes from 
the other ‘emain dominant in number. In the case of human 
rodent cel combinations, it is the human chromosomes which 
are prefeentially lost. Although this is the only reported 
case of a putative in vivo heterospecific hybridisation involving 
karyological analysis of the hybrid progeny, it seems that a 
numberof relationships found in cell fusion i vitro are true for 
the in vivo situation. Our human/hamster cell fusion results 
indicate that pronounced chromosomal segregation occurs 
following hybrid formation, where the human chromosomes are 
preferentially lost. Further, malignancy, when associated with 
the human parental cells which experienced chromosomal loss, 
can be expressed in the hybrid progeny, even after a relatively 
long sojourn in the animal host. 

The animal host would be expected to eliminate any human 
chromosomes in the hybrid tumour cells, particularly if these 
could restrict the hybrid tumour’s viability. Yet, human 
chromosomes seem to have been retained in the hybrid tumour 
for at least up to 15 serial transplant passages, or a minimum of 
I8 weeks. Whether or not the portion of the human genome 
controlling malignancy required the retention of any particular 
human chromosomes or chromosomal fragments for the 
expression of malignancy in the hybrid, or the loss of some in- 
hibitory genes, cannot be concluded on the basis of these data. It 
is nevertheless intriguing to follow the chromosomal! constitution 
of a human/hamster hybrid tumour during extensive propaga- 
tion in hamsters, and to explore to what extent the human 
genome is functional and being recognised by the hamster host. 

As in vivo hybridisation seems to have permitted a human 
tuméur to become afapted and unusually lethal in the hamster, 
we suggest that similar mechanisms may be implicated in human 
cancer, particularly when such fusing agents as parainfluenza 
viruses are prevalent in man. In the autochthonous tumour- 
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Fig. 2 a, Karyotype of giemsa-banded chromosomes of a GB-749 
tumour cell showing a simultaneous presence of hamster-like, 
human-like, and a series of unidentifiable chromosomes (lower 
right}, $, Comparison of banded chromosomes selected from 
several GB-749 tumour cells (T) and the cancer patient’s peri- 
pheral lymphocytes (H). Human chromosomes No. 12 in GB-749 
(T) and in the patient’s blood (H) are also compared with 


hamster chromosome No. 9 (M). 

bearing host, fusions of neoplastic with normal cells might 
provide the tumour with a means for reducing any tumour- 
specific antigenicity and thereby allow it to escape immuno- 
logical surveillance mechanisms. In these terms, tumour 
progression by fusion would permit the neoplasm to circumvent 
the hosts immunological controls. Conversely, fusing the 
tumour with other cells in vitro may provide a more suitable 
immunogen for the evocation of an immunological reaction 
against a tumour of advanced malignancy. Although still 
speculative, such considerations may offer other avenues for the 
immunological control of cancer. 

This study was supported by grants from the American 
Cancer Society and the Damon Runyon Memorial Fund for 
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DaviD M. GOLDENBERG 

Rose A. PAVIA 

Mary C. Tsao 
Department of Pathology, 
University of Kentucky Medical Center, . 
Lexington, Kentucky 40506 


Received April 18, 1974. “ 
Goldenberg, D. M., Cancer Res., 32, 813 (1972). 
2 Goldenberg, D. M., Müller, E., and Witte, 5., Eur J. r 3, 
315 (1967). 
> Götz, H., and Goldenberg, D. M., Experientia, 24, 957 (1968). * 

















































651 


Goldenberg, D. M., and Fisher, E. R., Proc, Am. Ass. Cancer Res., 
10, 30 (1969). 
Goldenberg, D. M., Tenth int. Cancer Cong., Houston, abstract, 
316 (1970). 
Goldenberg, D. M., Expl molec Path., 14, 134 (1971). 
Goldenberg, D. M., Bhan, R. D., and Pavia, R. A., Cancer i 
31, 1148 (1971). 
ğ Goldenberg, D. M., Klin. Wschr., 46, 898 (1968). 
? Wiener, F., Fenyé, E.M., Klein,G ., and Harris, H., Nature 1 ne 
Biol., 238, 155 (1972). 
ká Goldenberg, D. M., and Pavia, R. A., in Biological Characterisa 
tion of Human Tumours (edit. by Davis, W., and Maltoni, C.), 
(Excerpta Medica, Amsterdam, in the press). + 
t! Goldenberg, D. M., and Pavia, R.A. , Cancer Res., Gn the press) 
12 Moorhead, P. S., Nowell, P. C., Mellman, W.J., Battips, D: M: 
and Hungerford, D. A., Expl Cell Res., 20, 613 (1960). OO as 
'S Seabright, M., Lancet, i, 971 (1971). 
t4 Littlefield, J. W., Expl Cell Res., 41, 190 (1966). 
15 Okada, Y., and Tadokoro, J. Expl Cell Res., 26, 108 (1962). 
t6 Harris, H., and Watkins, J. F., Nature, 205, 640 (1965). TREN 
17? Weiss, M. Cy and Green, H., Proc. natn. Acad. Sci., U.S.A., 58, 
1104 (1966). 
18 Boone, C. M., and Ruddle, F. H., Biochem. Genet., 3, 119 (1969). 
1? Kao, F. T., and Puck, T., Nature, 228, 329 (1970). 


th $ 


Ado D 


Evolution of X-chromosome 
inactivation in mammals 


Ir is now well established that in the somatic cells of 
mammals only a single X chromosome is active in coding 
for proteins, no matter how many are present™?, but the 
mechanism and evolutionary origin of this phenomenon 
still remain unsolved problems. Cooper’ suggested that the 
random inactivation of X chromosomes derived from either _ 
parent in eutherian mammals had evolved from a more - 
primitive inactivation of the paternally derived X chromo- 
some as seen in marsupials, and a possible mechanism for 
this evolution has been put forward’. Lifschytz and Lindsley* 
further suggested that the inactivation seen in somatic cells 
had evolved from inactivation of both sex chromosomes in 
male gametogenesis, a phenomenon that is gen 
gametes of- the heterogametic sex of many specie: 
All of these proposals have obvious merit, but 
criticisms can be levelled at all. It may therefor 
consider the possible evolution of X chromosome inactiv 
tion more fully. It is reasonable to suppose that mono- 
allelic activity of the X chromosome is connected in some 
way with its function as a sex chromosome. In germ cells: 
of normal females both X chromosomes are clearly- 
active’*, Moreover, they are required to be so for normat- 
ovarian function in both human and mouse”. In males, 
if more than one X chromosome is present, as in XX and 
XXY males of various species, the germ cells die at the 
spermatogonial stage’""'. The explanation that this is due to 
activity of all X chromosomes in male germ cells as well 
as female has recently been confirmed by the finding that 
loss of an X chromosome enables germ cells to survive in. 
these animals’. But, as previously mentioned, later in male- 
gametogenesis the X seems to become inactive. Thus, the ; 
cycle of X chromosome activity is: somatic cells, single; 
female germ cells, double; late male germ cell, none. — 
Thus, the X chromosome clearly has a role in the germ 
cells. By contrast, sex determination in mammals is effected 
through the Y chromosome. In the presence of the Y 
chromosome th® embryonic gonad is induced to become 
a testis’ | 
he testis then secretes testosterone which, in combina- 
tion with the product of a certain gene, activates all genes — 
required for male differentiation, so that the animal de- 
velops as a normal male”. In the absence of the Y the 
gonad becomes an ovary, testosterone is not secreted, and 
differentiation follows the female pattern. Thus, there is a 
simple switch mechanism controlling sex determination and 
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differentiation”. Mutation of the gene involved in response 
to testosterone leads to the syndrome of testicular femini- 
sation, in which a genetic male has testes but no other signs 
of maleness, and fails to respond to testosterone. In the 
mouse the locus of this gene, called the Tfm gene, is on 
the X chromosome’. Hence, by Ohno’s law of the con- 
servation of the mammalian X chromosome” it is probably 
X-linked in all mammals»sand thus gives another function 
of the X chromosome in sex differentiation. 

The sex chromosomes of present day mammals are 
typically clearly distinguishable, with a small Y and fairly 
large X, the variably active part of the X constituting 
roughly 5% of the genome", although some species have 
other material (constitutive heterochromatin or autosomal 
material) attached to the X. By contrast, the sex chromo- 
somes of lower vertebrates are commonly not distinguish- 
able’, Thus, in evolution the mammalian Y must have lost 
material, and the X has perhaps gained some. 

Concurrently, sex determining processes have evolved. 
Lower vertebrates respond to hormones in a way com- 
parable to the mammalian response to testosterone, but in 
contrast to mammals sex determination is more labile, and 
sex reversal can be achieved by hormone treatment. In view 
of the response to testosterone one may suppose that a 
gene comparable to the Tfm gene was present early in 
evolution, before the sex chromosomes became morpho- 
logically distinct. The next stage was the formation of a 
small differential segment, containing in the Y the genes in- 
volved in testis formation. At this stage, the locus of the 
Tfm gene will have been present on both sex chromosomes, 
and genes concerned in ovarian function will have been 
distributed over both X and Y, interspersed with many 
genes not directly involved in sexual development (homo- 
logues of present X-linked genes). After this, the Y 
chromosome lost much of its material, including the homo- 
logues of the X-linked genes. There was then a dosage 
difference between males and females, which was corrected 
by X chromosome inactivation in somatic cells. 

It is however difficult to envisage exactly how this inacti- 
vation first arose. As seen at present it is an all-or-none 
phenomenon. The inactivated chromosome (except for a 
possible small region escaping inactivation) is totally and 
irreversibly unresponsive to stimuli evoking transcription, 
and it seems unlikely that it could have evolved to this state 
by a gradual process. There seems no intermediate stage. 
But total inactivation of one X chromosome when pre- 
viously two had been active would in effect result in 
functional monosomy for X-linked genes and monosomy in 
mammals is usually lethal". Thus, the evolution of X 
inactivation would be easier to envisage if some duplication 
of genes had occurred first. This could have been achieved 





Table 1 Human X-linked diseases existing in more than one form 





Probably at least two gene loci 
Colour blindness 30380 Deutan 30390 Protan 
Haemophilia 30670 Haemophilia A 30690 Christmas disease 
Muscular dystrophy 31010 Becker 31020 Duchenne 
Retinal degeneration 31270 Retinoschisis | 31060 Norrie’s disease 


Either alleles or multiple loci 
Adrenal cortical defect 30010 30020 
Agammaglobulinaemia 30030 30040 
Amelogenesis imperfecta 30110 30120 
Cerebral sclerosis 30270 31160 
Charcot-Marie-Tooth disease 30280 30290 


Congenital cataract 30220 30230 m 
Deafness 30440 30450, 30460, 30470 
Diabetes insipidus 30480 30490 
Ocular albinism 30050 30060 


30310 30320, 30330, 31260 
30100 31390, 31400 ¢ 


Retinitis pigmentosa 
Thrombocytopenia 





The numbers are the catalogue numbers given by McKusick?’. 
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Eorly vertebrate 





Mammals 


Fig. 1 Suggested evolutionary origin of mammalian sex chromo- 

somes. The position of the centromere, and the relative lengths 

of the dotted, shaded and white regions are purely diagrammatic 

and not to scale. The white regions are those postulated to be 
subject to inactivation in present mammals. 


if the material lost from the Y chromosome had been 
transferred to the X, giving in effect a tandem duplication 
of the major part of the original X chromosome (Fig. 1). 
Female offspring which received such a duplicated X 
chromosome, either homozygously, or heterozygously with 
the original, would have excess X-linked genes, and hence 
would probably not be viable, unless the excess material 
were inactivated. Thus, one must also postulate that a 
mechanism for inactivation of X chromosomes had already 
evolved before the proposed Y~X transfer occurred. This, 
one must suppose, was the form of inactivation seen in late 
male germ cells, with the mechanism now modified so that 
it operated in somatic cells, but only on excess material. 
Such a system could have been selectively advantageous if 
the additional X chromosomal material was active and 
beneficial in female germ cells. 

From this hypothesis of the evolutionary origin of X- 
chromosome inactivation at least two predictions can be 
made. One is that there should be a small region of the 
present mammalian X chromosome which is not subject to 
inactivation. This would be the original differential segment 
of the X, which by definition could have had no homologue 
on the Y. Therefore, it could not have been transferred 
from the Y to the X, and hence was never present in excess. 

This does indeed seem to be the case in the human X 
chromosome. The Xg blood group locus is apparently not 
subject to inactivation in a normal X chromosome”. More- 
over human XO individuals have a range of malformations, 
which seem to be due to deficiency of gene(s) located in 
the short arm of the X° and in individuals with super- 
numerary X chromosomes the finger-ridge count, the 
stature and mental ability seem to vary additively with 
number of X chromosomes present®*". All these facts could 
be explained if a part of the short arm of the human X 
chromosome was not subject to inactivation, because it 
represented the original differential segment. It is not clear, 
however, whether such a region exists in other species. 
Chromosomally XXY males are known in a number of 
species and no clear pattern of abnormalities, except 
sterility, emerges’. Females with the XO constitution are 
known in the pig”, the rhesus monkey”, and the cat” and 
in each there was at least one abnormality also seen in 
human XOs. But in XO animals of several rodent species 
(mouse, black rat Rattus rattus*, Akodon” and Microtus 
oregoni’*®) no somatic abnormalities were noted, and some 
wêre fertile. Possible explanations for an apparent lack of 
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the original differential segment in rodents are that in the 
course of evolution it has been transferred to an autosome, 
or has been duplicated and then become subject to inacti- 
vation. | 

A second and important prediction is that there should 
be some evidence of duplication of gene loci on present 
mammalian X chromosomes. It is to be expected that 
during evolution the originally duplicate genes will have 
mutated and diverged, but some evidence of similarity 
should still remain. Only the human and the mouse X 
chromosomes are genetically at all well known, the human 
having far more known X-linked genes than the mouse. 
McKusick” pointed out that several X-linked diseases exist 
in more than one form. The various forms could either be 
due to different mutant alleles at the same gene locus, or 
to the involvement of more than one locus for each disease. 
This point can only be tested conclusively by chromosome 
mapping. From the latest evidence” it is highly probable 
that there are at least two gene loci involved in each of 
four X-linked diseases: colour blindness (protan and deutan), 
haemophilia (A and B), muscular dystrophy (Duchenne 
and Becker), and retinal degeneration (retinoschisis and 
Norrie’s disease) (Table 1). In addition, there are at least 
eleven other diseases listed by McKusick”, which exist in 
more than one form, and hence are possibly caused by 
duplicate loci. McKusick lists 150 X-linked conditions, 86 
of which he considers well established. This must be only a 
small fraction of the probably several hundred genes on 
the human X chromosome. Hence it is hardly to be expected 
that both members of every pair of duplicate genes would 
have been discovered, and the present evidence must be 
considered quite good. The weakest point is that the 
similarity between pairs of diseases has been judged at the 
clinical level, and molecular evidence for the similarity or 
otherwise of the proteins involved is lacking. By contrast, 
in the mouse only about 28 X-linked genes are known, 
thought to be at about 21 loci, and there is as yet no 
evidence of duplication. 

Thus, the supporting evidence from man is sufficient to 
make the hypothesis of evolution of X chromosome inacti- 
vation through Y-X transfer well worthy of further con- 
sideration. To reiterate, the hypothetical sequence of events 
was: (1) formation of a small differential segment, carrying 
testis-forming genes in the Y, from previously undifferen- 
tiated sex chromosomes; (2) inactivation of the sex chromo- 
somes during male gametogenesis, but full activity of both 
homologues in female germ cells; (3) transfer of a large 
part of the homologous region of the Y to the X, and con- 
comitant alteration of the inactivation process, so as to 
inactivate all excess X chromosomal material in somatic 
cells, while retaining full activity in female and early male 
germ cells, and complete inactivity in late male germ cells; 
(4) slow divergence of the two halves of the duplicated 
X by mutation and selection. 

Further evidence could be obtained from studies of X 
chromosome anomalies in a range of mammalian species. 
Human X chromosome linkage data could be re-examined 
with the possibility of duplicate loci in mind, and at the 
molecular level proteins coded by X-linked genes could be 
studied for evidence of duplications. 

Mary F. Lyon 
MRC Radiobiology Unit, 
Harwell, Oxon OX11 ORD, UK 
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A possible role for prolactin in con | ral of 
steroid secretion by the human | sraafian foll 


PROLACTIN constitutes part of the luteotrophic com 
necessary for the maintenance and secretory activity O 
corpus luteum in the rat'*, mouse’, rabbit, hamster’, fe 
pig’ and sheep’. Recent evidence suggests, howeve 
prolactin may have little to do with luteal functio 
women”, Nevertheless, it is still possible that prol 
could play a ‘permissive’ role, as in other species, w 
alterations in peripheral blood levels, within limits, hav 
little effect on luteal activity. In an attempt to gain mor 
insight into the possible role of prolactin in control 
ovarian activity in women, we have studied the production 
of steroids by human granulosa cells growing in tissue cul 
ture, and the effects of the addition or neutralisation of | 
human prolactin in the culture media. We report that the _ 
production of progesterone by human granulosa cells in 
vitro requires low physiological concentrations of prolactin 
whereas high concentrations are inhibitory. : 
Ovaries, endometrial biopsies and peripheral blood 
samples were obtained from patients aged 21-48 yr who 
were undergoing surgery for gynaecological disorders. The _ : 
stage of the menstrual cycle was assessed from the date of . — 
the last menstrual period, the concentrations in plasma of- 
luteinising hormone (LH), follicle stimulating hormone’ 
(FSH) and progesterone, endometrial histology, and. the 
presgnce or absence of a corpus luteum. Only follicles from 
morphologically normal ovaries were used as the sour : 
granulosa cells in this study. : 
Antral follicles were dissected out of the ovary. 
2 h of qyariectomy and the fluid aspirated by syringe. 
follicular fluid and peripheral plasma sample were st 
at —-20° C until assayed for prolactin and progesterone bi 
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specific radioimmunoassays (RIA). Prolactin concentration 
is expressed as ng ml Friesen prolactin of which 1 ng= 
20 U MRC Standard 71/222. The Friesen prolactin pre- 
paration was 90% pure and the human pituitary hormone 
contaminants were found by RIA to be negligible: growth 
hormone (HGH), HLH, HFSH, all <0.4%and the concen- 
tration of human placental lactogen (HPL) undetectable. 
The collapsed follicle was slit open and the granulosa cells 
scraped into culture medium. An aliquot of the cell sus- 
pension was counted and the viability determined”. The 
follicle wall was placed in fixative for subsequent histologi- 
cal examination to ensure that the basement membrane was 
still intact. The cells were layered on to 18 mm? coverslips 
and cultured for 10-14 d as previously described”. The cul- 
ture medium was replaced every 24 h and stored at —20° C 
until assayed for progesterone. The variation (+ s.e.m.) in 
the production of progesterone between replicate cultures 
for all treatments was found to be 6.77 +1.45, 
Neutralisation of prolactin in the culture medium by the 
addition of rabbit anti-human prolactin serum, at a dilu- 
tion which did not cross react with HPL, HGH, HLH or 
HFSH, caused a significant decrease in progesterone pro- 
duction as compared to the cultured control (Fig. 1). To 


dt 


Progesterone [ag cukure day (x 10° celis} 
bumt 


2? 4 ó X JÜ N2 2 4 6 S Wh f2 


Time in culture {d} 


Fig. 1 Progesterone production by luteinised granulosa 
cells in a culture medium where the endogenous prolactin 
was neutralised with anti-human prolactin serum. The cells 
were collected from a single late follicular phase preovula- 
tory follicle. The concentration of endogenous prolactin in 
the culture medium before the addition of rabbit anti- 
human prolactin serum was 5.1 ng ml’. After precipitation 
of the prolactin-anti-prolactin complex the concentration 
was <0.2 ng ml7', The concentrations of progesterone in the 
control were determined with either normal rabbit serum, or 
rabbit anti-bovine serum albumin added to the culture 
medium at the same dilution (1/500) as the antiserum used 
in the anti-rabbit culture treatment. There were no significant 
differences in the production of progesterone between the 
control culture which were found to be within the precision 
achieved in replicate cultures. a, Control; b, anti-prolactin, 
P <0.01, 


confirm that free prolactin in the culture medium had been 
completely neutralised by the antiserum, the anti~prolactin- 
prolactin complex was precipitated out using a solid phase 
second antibody; the concentrations of LH and FSH in 
the medium were unaltered whereas prolactin was undetect- 
able, 

Addition of human prolactin to the culture medium had 
no effect on progesterone production if the final prolactin 
concentration did not rise above 20 ng ml™': the mean con- 
centration of prolactin in the peripheral blood of w8men 
during the cycle is 15+1 (+ s.e.m.)". When the concentra- 
tions in the culture medium were increased from 25 to 
100 ng ml, there was a progressife decrease in the daily 
progesterone production (Fig. 2). This inhibitofy effect 
persisted, even when the LH and/or FSH concentrations 
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Fig. 2 Relationship between the concentration of prolactin 

and the total progesterone production by human granulosa 

cells in vitro. Granulosa cells were collected from one late 

follicular phase preovulatory follicle. Each point is the mean 

result of duplicate cultures. Total progesterone production 

is that achieved by 10° granulosa cells in 11 consecutive 
daily changes of culture medium. 


were increased 50-fold, and it could be obtained with 
granulosa cells collected from follicles at any stage of the 
menstrual cycle. In contrast the soluble non-protein fraction 
of the added prolactin solution did not inhibit the produc- 
tion of progesterone by human granulosa cells in vitro as 
compared with the controls. 
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Fig. 3 Changes in concentration and content of prolactin 
in follicular fluid with respect to follicle size. Vertical bars 
represent 1 sem. Circles show prolactin concentration 
. (ng ml~'); bars show prolactin content (ng). 
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rolactin was assayed in 110 samples of follicular fluid 
E ted at various stages of the cycle. The mean concen- 
= ation (+ 8.e.m.) was 20 +5 ng ml” for all sizes of follicle. 
increase in the prolactin content of the follicle was 
ted with the volume of follicular fluid (Fig. 3). The 
lactin concentrations during the late follicular phase of 
cycle were, however, significantly lower than at any 
so ime of the cycle with the exception of the early luteal 

: phase (Fig. 4). 
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Fig. 4 Changes in the follicular fluid concentrations of pro- 

lactin and progesterone related to the stage of the menstrual 

cycle. The vertical bars represent 1 s.em. (M-EF: MF. LL: 

represent menstruation-early follicular, mid follicular and 

late follicular phases, and EL, ML and LL represent early, 

mid and late luteal phases.) *** P <0.001; ** P <0.01; 
* P <0.05: ° P <0.001. 


These in vitro experiments suggest that high concentra- 
tions of prolactin within the follicular fluid may actually 
depress progesterone secretion by the granulosa cells. This 
might provide an explanation for the fact that galactorrhoea 
with high prolactin levels is commonly associated with 
amenorrhoea"™, and that if the prolactin levels are lowered 
by treatment with CB 154, ovulation and menstruation 
recur’ It is well recognised that post-partum lactation 
can inhibit ovulation in women and other animals, 
although the mechanism has never been explained. 

Although there are now numerous descriptive accounts 
of the changing hormone levels in blood and urine through- 
out the menstrual cycle, we do not really understand what 
factors are responsible for the formation, maintenance and 
regression of the human corpus luteum. This is an area of 
great potential interest for the development of new forms 
of contraception. The in vitro results presented here cast 
doubt on the simplistic view that LH is the only gonado- 
trophin necessary for luteal maintenance", and suggest that 
prolactin is also involved. Furthermore, it seems probable 
that the gonadotrophic content of the follicular fluid may 
have important consequences for the secretory activity of 
the granulosa cells both before and after ovulation, 
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Anatomy of an identified __ 
serotonin neurone studied by means 
of injection of tritiated ‘transmitter’ 


THERE is an identifiable serotonin-containing neuro 
each cerebral ganglion of the snail Helix pomatia’. ` 
trophysiological evidence suggests that each neurone | S 
a process into each cerebro—buccal connective’”, and ha 
monosynaptic connections are made in each buccal gang! 
with® other large identifiable neurones’. Because 
neuronal system seems to offer a unique opportu 
study the proposed transmitter role of serotonin’ 
important to obtain direct information on the loci 
and mo$phology of the presynaptic endings of the se 
cell. This is not possible with dye’ or metal ion? inj 
techniques, which do not seem to mark processes of- 
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serotonin neurone at distances of more than a few milli- 
metres from the neurone perikaryon. 

In this study we injected tritiated serotonin, or its pre- 
cursor 5-hydroxytryptophan, into the perikaryon of one of 
the identified symmetrically placed, serotonin neurones and, 
after allowing time for the radioisotope to pass along the 
processes of the neurone, the tissue was prepared for light 
and electron microscope autoradiography. 

The tips (diameter | to 3 wm) of glass microelectrodes 
were filled with a solution of uniformly tritiated serotonin 
(S-hydroxytryptamine creatinine sulphate) or 5-HTP (DL- 
5-hydroxytryptophan) (Radiochemical Centre, Amersham). 
Solutions were prepared by evaporating to dryness 1 mCi 
of radioactive solution and redissolving in a small volume 
(0.01 ml) of distilled water. (The isotope specific activities 
were: serotonin 11 Ci mmol”! and 5-HTP 7 Ci mmol”; 
concentrations of the injection solutions were approximately 
0.9 mM and 1.4 mM, respectively). Electrodes were selected 
by measuring isotope release from the tip into 0.2 ml of 
snail physiological solution’ after passing 10 nA positive 
square wave pulses of 100 ms duration at 5 Hz for 10 min. 
Electrodes releasing sufficient isotope to yield 5,000 to 
20,000 c.p.m. (measured in a total volume of 10 ml includ- 
ing 9.8 ml of scintillation fluid, counted on a Packard Liquid 
Scintillation Spectrometer) were found to be suitable for 
intracellular iontophoresis. 

Either the left or right giant serotonin neurone was 
impaled and positive pulses applied to the electrode for 
1 to 2 h; generally 10 to 20 nA pulses of 100 ms duration á 
at 5 Hz were used. The preparation was continuously 
washed with physiological solution. The direction of flow 
was from the buccal ganglia and lip nerves towards the 
ccvebral ganglia, thus avoiding contamination of the areas 
suspected of containing processes and endings of the 
neurone. During the period of injection, the resting poten- 
tial of the neurone decreased to between 0 and 10 mV, but 






) 







i 
‘ 


an E 
ne 


Fig. 2 Diagram of the processes of a right giant serotonin 
neurone iniected with tritium-labelled serotonin. The cerebral 
and buccal ganglia are joined by connective nerve trunks 
(CBC). The position of identified neurones in each buccal 
ganglion which receive synaptic input from the serotonin neu- 
rone is indicated with an arrow. Axon branches pass close to, 
and there are numerous small terminal processes in the im- 
mediate vicinity of, these follower neurones. Each cerebro- 
buccal connective contains two axon processes of the sero- 
tonin cell which run close together within the connective. 
Axon processes pass into the nerves supplying the buccal 
mass and into the pharyngeal nerves (P), which supply the 
muscles which control feeding. Two or three separate axon 
processes of the serotonin neurone pass into each external 
lip nerve (ELN). The axon processes within these nerves run 
to muscles in the mouth of the animal. It thus seems that 
all the peripheral axon branches of the serotonin neurone 
are somehow associated with feeding. The size and depth 
of the axon processes observed in transverse sections of each 
nerve are relatively constant. This is indicated by the dia- 
grams of the cross sections of the nerve trunks, where each 
circle beside a particular trunk illustrates the situation in a 
different “H-serotonin injected preparation. The processes 
are located close to the periphery of the CBC and ELN but 
centrally within the internal lip nerve (ILN). The axon 
processes of the serotonin neurone are not round in cross 
section, but have infoldings which vary in shape from section 
to section. The many small branches within the right and 
also possibly the left, cerebral ganglia, are thought to be 
dendrites receiving synaptic input. The areas indicated by 
a and b are illustrated in Fig. 1. 





cells partly recovered after injection (the resting potential 
returned to about —20 to —40 mV). The preparation was 


Fig. 1 Micrographs of autoradiograms of a right giant left for 10-15 h at 4° C before processing for autoradio- 


serotonin neurone injected with tritiated serotonin, The areas 
shown in a and b are indicated in Fig. 2. a, Axon of the 
serotonin neurone which runs in the contralateral cerebral 
ganglion, Approximately 25 small branches of this axon 
(some arrowed), which are shown in different degrees of 
oblique and transverse section, can be recognised as dark 
spots. The two larger dark spots at top and right are cross 
sections of the main axons which run into the lip nerves. 
In b, the largest dark spot is the main axon of the serotonin 
cell in the ipsilateral buccal ganglion cut in transverse 
section. Branches of this axon (one fine branch atrowed) 
terminate within the buccal ganglion neuropile, which is in 
the middle of the photograph. Scale bars represent 25 pm. 


graphy. 

For light microscope autoradiography, the tissue was 
fixed for 2 h in 2.5% glutaraldehyde solution, dehydrated 
in a series of ethanol solutions and embedded in wax. Radio- 
activity was monitored in the histological solutions. Little 
if any wash out of the isotope could be detected, that is, less 
than* 100 c.p.m. mf' of any histological solution. Serial 
sections (8 wm) were prepared and mounted on glass slides. 

he sections were covered with Kodak AR 10 stripping film 
and developed in Kodak D 19 after storage in the dark for 
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two weeks. For electron microscope autoradiography, tissue 
was fixed in glutaraldehyde and osmium solutions and 
embedded in Epon. Thin sections were covered with a 
monolayer of Ilford L.4 emulsion by a loop technique’, ex- 
posed for three weeks, and subsequently developed in Kodak 
Mikrodol-X. 

Similar results were obtained in all of the experiments. 
Five light microscope experiments (three left and one right 
serotonin neurones were injected with *H-serotonin and one 
right neurone was injected with *H-5-hydroxytryptophan) 
and two electron microscope experiments (two left sero- 
tonin neurones injected with ‘H-serotonin) were made, The 
radioactive material was sufficiently well bound to withstand 
the histological treatment and it was readily detected in 
the autoradiograms (Figs | and 3). Apart from the region 
in the immediate vicinity of the perikaryon of the serotonin 
neurone, where there was some spillage and binding of the 
isotope to connective tissue, it appeared that all the radio- 
activity detected in the autoradiograms was strictly located 
within the giant serotonin neurone. The main axons could 
be easily followed in serial sections with the light micro- 
scope and fine terminal branches could be traced at a dis- 
tance of 1 cm or more from the perikaryon, for example 
in the buccal ganglia (Fig. lb), where there was a complete 
lack of silver grains over the outer connective tissue capsule. 
The processes of the right serotonin neurone traced by this 
method are shown diagrammatically in Fig, 2. The processes 
of the left serotonin neurone form a pattern which is the 
mirror image of the right neurone. 

The results of the light microscope autoradiography 
showed that axon processes of each giant serotonin neurone 
ross to the region of the buccal ganglia where the identified 
fc lower neurones are located. In these regions many fine 
terminal branches were seen. In some sections, silver grains 
were seen directly adjacent to the axon hillocks of the 
identified follower neurones. This morphological evidence 
therefore agrees with the electrophysiological results sug- 
gesting the presence of monosynaptic connections of the 
serotonin neurones and these follower neurones. The dis- 
tribution of fine branches in the neuropile of each buccal 
ganglion was very similar to that observed after uptake of 
exogenous “H-serotonin by the isolated buccal ganglia’. 

The pattern of processes was remarkably similar in each 
preparation. The presence of two or more axon processes 
running parallel for considerable distances along some nerve 
trunks is an interesting, but so far unexplained phenom- 
enon, also noted by other workers’. There was a constancy 
in the relative sizes of the different processes within a parti- 
cular nerve trunk and their positioning with respect to the 
centre or periphery of the particular nerve trunk (see Fig. 
2). It is apparent that there is an extensive overlapping of 
the fields of innervation of each giant serotonin cell, as was 
suggested by electrophysiological experiments’. 

When a cerebro-buccal connective or external lip nerve 
was ligatured, there was a build up of radioactivity on the 
side of the constriction nearer the perikaryon. This was 
shown by an increase in density of silver grains within the 
axon of the serotonin cell against the ligature. This experi- 
ment suggested that the labelled serotonin was actively 
transported along the axons. The minimum rate of move- 
ment of the isotopically labelled material within the sero- 
tonin cell axon was 1.0 mm h”. 

By electron microscope autoradiography it was possible 
to study the axons of the serotonin neurone within the 
cerebro—buccal connectives and some of its terminal pro- 
cesses within the neuropile of the buccal ganglia (Fig. 3), 
The identification of groups of silver grains over processes 
of the serotonin neurone was comparatively easy, because 
after the relatively short time periogs of radiographic ex- 
posure employed, background silver grains were almost 
completely absent. Identification of processes from the 
serotonin neurone with the electron microscope was also 





Fig. 3 Electron microscope autoradiograms of cross 
sections of the cerebro-buccal connective and buccal ganglia 
showing axons of a serotonin neurone injected with tritium- 
labelled serotonin. In a the silver grains are marked with 
white arrows for clarity; the black arrows point to groups 
of dense-cored vesicles. In b the black arrow points to a 
silver grain which overlies a dense-cored vesicle. The silver 
grain to the right in b, and also the silver grain second 
from top in a, seem to be associated with larger electron- 
dgnse structures. c, Presumed terminal process or an 
injected serotonin neurone -within the neuropile of a buccal 
ganglion. The arrows point to dense-cored vesicles. The star 
marks a silver grain which does not obviously overlie the 
same structure as the other silver grains, although it is 
possible that this is the case, and that the labelled ending is 
shown at two levels within the same section. Scale bars 
represent a, m; b, 0.5 um; c, 0.5 pm. 





n with adjacent thicker t ecth 
(pro fo h mieroseope aittoradiograplty. as oo 
oe “All the tabell ed axon processes contained vesicles with 
o electron-dense cores (Fig. 3). These vesicles had an average 
_ diameter of 100 nm, and were morphologically identical 
< t those which are thought to sequester serotonin in the 
perikaryon of the serotonin neurone’ and those seen in 
a small proportion of nerve endings in the buccal ganglia 
which selectively accumulate exogenous  tritium-labelled 
serotonin’. Some silver grains overlay such vesicles (Figs 
8B and c 

“None of the terminal processes observed resembled clas- 
sical synapses in containing membrane thickenings, how- 
ever ‘typical’ synapses are only rarely seen in the central 
nervous system of this animal''. Because the fine terminal 
processes of the serotonin neurone in the neuropile regions 

> contain many vesicles (Fig. 3c), they probably represent, 

or are close to, the release sites of the transmitter. 

oe The results suggest that the technique of injecting tri- 
r tiated ‘transmitter’, or a readily metabolised precursor, may 
- be of general value in mapping the axons, and locating and 
-studying the structure of the presynaptic terminals of in- 
_ dividual neurones of known transmitter type. The technique 
is similar to that of injecting radioactive amino acids be- 
- fore autoradiography, which has been shown to be valuable 
‘in studying the anatomy of, and axonal transport within, 
| the dendrites of single mammalian spinal motor neurones’. 
In the latter situation, however, there was evidence for a 
‘transfer of radioactivity between gha and other neurones, 
: and. it was not established that any of the proteins presumed 
to be labelled after incorporation of the radioactive amino 
acids might have been destined for the presynaptic 
terminals”, On the other hand, it might be expected that 
injected transmitter will be treated as natural transmitter 
and transported to and concentrated within presynaptic 
terminals. (Some experimental results, not described here, 
obtained after the injection of leucine into identified snail 
neurones support this view). Further, the results show that 
no noticeable damage is caused by the iontophoresis of 
tritium labelled serotonin to the fine structure of the 
neurone. This is not the case with other intraneuronal 
staining techniques**"*, Finally, the results show for the 
first time that the presynaptic endings of a specified neurone 
of known transmitter type can be studied in direct relation 
to its perikaryon. 
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Calcium ionophore X-537A increases 
spontaneous and phasic quantal release of 
acetylcholine at frog neuromuscular junction 


TRANSMITTER release from nerve endings is believed to be 
triggered by the influx of Ca?+, which is thought to enter the 
terminal as a result of an increase in conductance produced 
by the action potential’. At the neuromuscular junction the 
evidence for the role of Ca** is largely indirect, based on 
changes in endplate potential (e.p.p.) amplitude following 
Miledi? showed that microinjection of 
Ca?* into the presynaptic terminal at the synapse of the squid 
giant axon causes a brief period of enhanced quantal release. 
Ca** also affects the rate of spontaneous quantal release at 
the neuromuscular junction; miniature end-plate potential 
(m.e.p.p.) frequencies are very low in solutions with reduced 
Ca** (ref. 3-5) The mode of action of Ca?* within the terminal 
remains largely a matter of speculation. Now a new tool has 
become available: an ionophore, X-537A, that transfers both 
univalent and divalent cations across lipid bilayers and cell 
membranes’, Using X-537A it may be possible to change 
intracellular Ca?+ levels while observing changes in quantal 
release. The ionophore might also be used to transfer other 
divalent metal ions into the terminal, to see how effective 
they are compared with Ca?*. 

Using conventional methods, e.p.p.s and m.e.p.p.s were 
recorded intracellularly from the sartorius and cutaneous 
pectoris muscles of the frog Rana pipiens. Initial experiments 
were performed in our usual Ringer, based on an analysis of 
plasma“, containing (mM): NaCl, 100; KCI, 2.0; CaCl a, 2.5; 
MgCl} 3.0, and Tris-maleate buffer (pH 7.4), 8.0. In 
later experiments the Ringer was modified to contain only 
one metal chloride salt; in each case the concentration of the 
divalent ion is specified, All experiments were performed at 
17° C. To record e.p.p.s, 3x 107° g mi~ d-tubocurarine 
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Fig. 1 The effect of X-537A on e.p.p. amplitude in a sartorius 

musale. The sciatic nawve was stimulated supramaximally once 

every 2.5 s. The shaded region indicates the period during which 

the solution was being changed at a rate of 10 mi min™. The 

yolume of the bath was about 5 ml. The numbers show the 
concentration of X-537A in uM. 
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Fig. 2 The effect of a series of increasing concentrations of 

X-537A.on the frequency of m.e.p.p.s. recorded from the 

sartorius muscle in 2.5 mM Ca?*-Ringer. The width of each bar 

represents the period during which m.e.p.p. count was made. 

The shaded regions indicate the periods during which a solution 

change took place. The figures across the top show the X-537A 
concentration. 


chloride was added to the Ringer. To increase the amplitude 
of m.e.p.p.s 1x10 g ml neostigmine bromide was added. 

The effect of X-537A on e.p.p. amplitude in 2.5 mM Ca*t~ 
Ringer is shown in Fig. 1. In Ringer the mean amplitude was 
3.9+-0.3 mV (s.d., #103). As Ringer containing 15 uM 
X-537A flowed into the chamber, the amplitude of the e.p.p. 
began gradually to increase. Within 205 s of the completion 
of the solution change, it reached a maximum of 26.9 mV. 
Then it declined precipitately and disappeared abruptly. In 
two other experiments similar responses were observed in 
10 and 15 uM X-537A, though in these examples it took 
somewnal a to reach a maximum ep. 5 and the ibaa 


to a maximum of 4.4 mV). Again the epps dissppested 
abruptly within 4 min of reaching the maximum amplitude. 
Similar results were obtained from preparations in which 
transmission was blocked by increasing the Mg?* concentra- 
tion to 20 mM. The X-537A does not cause an increase in 
m.e.p.p. amplitude; in fact it may produce a decrease. For 
example, the mean m.e.p.p. amplitude in 2.5 mM Ca?+-Ringer 
was 2.54-0.85 mV (s.d., 7=50; corrected to a standard mem- 
brane potentjal of 90 MY AT 3 min in 13 3 BM X-537A 


experiment gave a similar result, ~ means a the i increase 
in e.p.p. amplitude produced by the drug must be caused by 
an increased release of acetylcholine from the motor nerve. 

The effects of increasingly larger concentrations of X-537A 
on the frequency of m.e.p.p.s recorded in 2.5 mM Ca?+—Ringer 
are shown in Fig. 2. X-537A at 5 or 10 M did not elicit a 
change. During exposure to 15 uM there was a brief accelera- 
tion of m.e.p.p. frequency, lasting only about 90 s. With 
20 uM there was a massive increase, followed by a decline to 
extremely low levels. In 2.5 mM Ca?*, 3.0 mM Mg?+~Ringer, 
10 uM X-537A produced a notable increase in four of seven 
trials; 20 uM produced a notable increase in five of seven 
experiments. It is not uncommon for concentrations lower 
than those required for massive release to elicit a slight, tsan- 
sitory increase in m.e.p.p. frequency. 

Figure 3 shows that the addition of X-537A to a Ringer 
solution containing no divalent cation does not change the 
m.e.p.p. frequency. The subsequent addition of 2.5 mM Ca?+ 
leads to a marked, transistory increase in m.e.p.p. rate. (In 
control experiments, the addition of 2.5 mM Ca®* to a pre- 
paration in Ca**—free Ringer leads to about a two-fold, sas- 
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tained increase in m.e.p.p. frequency.) 

Calcium is not the only effective metal. For example, the 
addition of 1.5 uM X-537A to a preparation soaked in 2.5 mM 
Ba?+—Ringer led to a transitory increase in m.e.p.p. frequency 
which lasted for 55 min, the maximum frequency was 128 
times the control level. | 

















Time (min) } 


Fig. 3 The effects of Ca?* on the response to X-537A ; 
cutaneus pectoris muscle was first soaked for 24 h in. 
gerator in a Ringer made without divalent- cations. ‘bu 
taining 1.0 mM MgEGTA. Then, as shown in the figure,- 
muscle was soaked in the same Ringer containing 25 uM X-353 
during the period indicated as 25. The solution contained 25 uN 
X-537A and 2.5 mM Ca?* but no MgEGTA during the pee a 
indicated as 25 (Ca). 


A rough estimate of the relative effectiveness of different : 
metals in accelerating spontaneous quantal release in the — 
presence of X-537A can be drawn from Fig. 4. The’ apparent 
sequence is: Ba?+> Sr?+ > Ca?t > Mn?+~ Cot x Nji agi. 3 
For those metals for which both physiological. and | cal 
data are available, the effectiveness in promoting spo 
quantal release seems to parallel the wae of 
carry the metal into a hydrophobic layer®. 
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Fig. 4 The relative effectiveness of different metals in increash 
mgn.e.p.p. frequency in the presence of X-537A. In each 
periment, the muscle was first soaked in Ringer contain 
mM of the indicated metal. The m.e.p.p. frequency 
solution is 4 cont). The maximum ms Dv: Hoat in 












of X-537A and a metal, the period of enhanced m.e.p.p. 
frequency lasts for 5-55 min. After the period of rapid release: 
(1) m.e.p.p.s are rarely seen; (2) in Ca?+—Ringer, nerve stimula- 
tion does not elicit an e.p.p.; (3) tetanic nerve stimulation does 
not produce the usual ipcrease in m.e.p.p. frequency; (4) a 
second application of X-537A does not produce a second in- 
crease in m.e.p.p. frequency. The reasons for the disappearance 
of m.e.p.p.s and for the abrupt failure of transmission are 
still uncertain. The compound action potential in the sciatic 
nerve is not affected by 25 pM X-537A, but we have not yet 
tested conduction in the terminals immediately above the end- 
plate. 

In conclusion the Ca?*-transporting antibiotic, X-537A, 
together with a divalent metal ion can elicit a substantial, 
transitory increase in m.e.p.p. frequency and in acetylcholine 
release elicited by nerve stimulation. The steep dose-effect 
curve suggests that the relation between intracellular metal 


¿= concentration and rate of release is not linear. This finding 


may bear on the well known nonlinear relation between 
(Ca?*), and quantal release from stimulated terminals!*-". 
Once brought into the terminal by the ionophore, or by nerve 
stimulation'® each of several divalent metals increases the 
frequency of quantal release. 
This study was supported by a grant from the National 
Institute of Neurological Diseases and Stroke. The X-537A 
was a gift from Hoffman-La Roche. 
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Arginase affects lactogenesis through its 
influence on the biosynthesis of spermidine 


THE. activity of arginase in mammary gland increases 
“markedly during lactation’-*, Since lactating mammary 
gland, unlike liver, lacks other enzymes of the urea cycle’, 
the function of arginase in this gland is somewhat restricted. 
Results of earlier studies** have suggested that the enzyme 
is involved in proline formation, in concert with ornithine 
aminotransferase, for increased synthesis of milk protein. 
Another possible role for arginase is participation in the 
biosynthesis of spermidine. This péssibility appears parti- 
cularly attractive because the concentration of spermidine 
increases markedly i in lactating tissue, as do the activities of 
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= -When the preparation is exposed to effective pein < 7 i aie iiie PE and S-adénosyl- L- methionine decar- 


boxylase*.. In the presence of the latter two enzymes, 
ornithine formed by arginase can be converted to spermidine — 
through putrescine®’. Moreover, recent studies’ on the 
development of mammary gland in vitro have demonstrated 
that spermidine, together with insulin and prolactin, 
produces a marked increase in the synthesis of milk pro- 
teins, which is similar to that produced by the combination 
of insulin, glucocorticoid and prolactin. The involvement 
of spermidine in milk protein formation is further supported 
by the observation’ that the combination of these three 
hormones enhances the cellular concentration of spermi- 
dine before the accelerated synthesis of the milk proteins, 
casein and z-lactalbumin. 

We have investigated the mechanism whereby the inter- 
play of the hormones stimulates spermidine formation 
during mammary development. The data demonstrate that 
prolactin, in the presence of insulin, increases the activity 
of arginase in mammary epithelium. It appears that 
arginase may have a crucial function in milk protein 
synthesis by participating in the biosynthesis of spermidine. 

The hormonal regulation of arginase activity was 
examined by culturing mouse mammary explants in a 
chemically defined medium containing several combinations 
of insulin, hydrocortisone and prolactin (Table 1). These 
hormones effect morphological and biochemical changes 
associated with mammary gland development’. Although 
mammary gland is primarily composed of epithelial cells 
and a large mass of fat cells during pregnancy, the activity 
of arginase in the gland was almost completely recovered in 
the homogenate of isolated epithelial cells’. After 3 d of 
culture, the initial level of arginase activity was maintained 
in the presence of insulin. Hydrocortisone by itself, or 
prolactin alone, or the combination of the two could not 
effectively maintain the initial level, and the enzyme activity 
decreased markedly as it did in the absence of any added 
hormones. In the presence of insulin, prolactin produced a 


Table 1 Effect of various combinations of insulin, hydrocortisone, 
and prolactin on the activity of arginase in mammary explants in 


culture 
Arginase activity 
(ig urea formed per 
10 min per mg wet wt 
Culture conditions tissue) 
Single incubation 

Uncultured control 1.02 0.05 

No hormone 0.40 +. 0.08 

Insulin 1.00 -+0.07 

Hydrocortisone 0.38 -0.04 

Prolactin 0.41 sf 0.04 

Hydrocortisone + prolactin 0.38 -+0.05 

insulin +- prolactin 3.20 + 0.08* 

Insulin + hydrocortisone 1.28 + 0.04* 

Double incubation 

Control 1.24 -+~ 0.08 

Insulin 1.31 0.05 

Prolactin 0.47 - 0.04 

Insulin + hydrocortisone 1.40 -+0.09 

Insulin+ prolactin 3.10-+0.08* 

Insulin -+ hydrocortisone + prolactin 4.43: 0.07* 


Mammary explants from midpregnant C3H/HeN mice were 
cultured in Medium 199 (Gibco) containing the indicated combination 
of hormones as described previously'®. The final concentration of 
hormones was 5 ug mi~? for insulin and prolactin, and 0.5 ug min? 
for hydrocortisone. Single incubation was carried out for 72 h. 
Double incubation was carried out by first culturing mammary 
explants in insulin-containing medium for 72 h and then transferring 
explants to medium containing the indicated combination of hor- 
mones. After transfer the explants were cultured for another 72 h. 
Control in the double incubation system refers to explants cultured 
with insulin for the initial 72 h. 

The activity of arginase was determined by measuring the forma- 
tion of urea a rom arginine as described earlier’, Each value represents 
the mean +s.e.m. of six separate determinations on three separate 
cultures. 

* The increase is significant over control (P< 0,01). 
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Table 2 Effect of various culture conditions on a-lactalbumin 
activity in mammary gland explants 





a-Lactalbumin activity 
(pmol lactose formed 
per 30 min per mg wet 


Culture conditions wt tissue) 
Uncultured control 20-5 
Three hormones in regular M199 90-7 
Three hormones in arginine-deficient M199 3244 
Three hormones +- -ornithine in arginine-deficient M199 9546 
Three hormones + putrescine in arginine-deficient M199 914-6 
Three hormones + spermidine in arginine-deficient MI99 854.5 
Three hormones + proline in arginine-defiicient M199 3045 
Three hormones + lysine in arginine-deficient M199 22-44 
Three hormones + spermine in arginine-deficient M199 10-4 


ae a amelie 

Mammary explants from midpregnant C3H/HeN mice were 
cultured for 48 h in the presence of insulin, hydrocortisone and 
human placental lactogen. The final hormone concentration was 
5 pg ml~ for insulin and hydrocortisone, and | g ml ~ for human 
placental lactogen. Human placental lactogen was previously shown 
to be as effective as prolactin in stimulating milk protein synthesis 
in mammary explants?®. Arginine-deficient Medium 199 contained 
0.2 mM L-arginine, whereas regular Medium 199 contained 4 mM 
L-arginine. The final concentration of other added amino acids 
was 0.05 mM _ L-ornithine, 4 mM L-proline, and 5 mM L-lysine. 
The final concentration of putrescine, spermidine and spermine 
was 4 mM. 

The activity of a-lactalbumin was determined by measuring the 
formation of lactose from uridine-diphospho-"C-galactose (290- 
300 mCi mmol, New England Nuclear Corp.) and glucose as 
described previously!®. Each value represents the mean +s.e.m. of 

four separate determinations on two cultures. 


large increase in the enzyme activity, whereas hydrocorti- 
sone consistently produced a slight increase. 

Insulin stimulates cell proliferation in mammary epithe- 
licm during the first 2 d of culture, but by the third to 
fourth day the proliferative activity disappears’’. These 
non-proliferative cells are still viable since they synthesise 
milk proteins in response to insulin, glucocorticoid and 
prolactin’. Table 1 shows that addition of prolactin to 
the culture of such cells also resulted in increased arginase 
activity. The stimulatory effect of prolactin was enhanced 
by hydrocortisone although the steroid alone, or in 
combination with insulin, produced little increase in arginase 
activity in post-mitotic cells. It is clear that the effect of 
prolactin again required the presence of insulin, since no 
stimulation occurred when insulin was omitted during the 
second incubation. These results indicate that stimulation 
of arginase activity by prolactin is not a consequence of 
the increase in the number of mammary epithelial cells 
since proliferation of mammary epithelium was essentially 
completed when prolactin was added. 

We next assessed the possibility that arginase participates 
in milk protein synthesis by supplying ornithine for the for- 
mation of spermidine (Table 2). When mammary explants 
were cultured in medium in which the concentration of 
arginine was reduced from 4 mM to 0.2 mM, the triple hor- 
mont combination produced very little increase in the syn- 
thesis of z-lactalbumin. However, addition of ornithine, the 
product formed by arginase, to such a medium restored the 
increase in 42-lactalbumin. Addition of the polyamines, 
putrescine and spermidine, was also effective, 
another polyamine, spermine, and amino acids such as 
proline and lysine did not effect an increase in z-lactalbumin. 
The effect of arginine deprivation is specific in the sense 
that in experiments where the concentration of other amino 
acids, such as leucine, was similarly reduced in the culture 
medium the three hormones produced an increase in 
s-lactalbumin similar to that observed in the regular 
medium 199 (not shown). These results can best be 
explained by the possibility that arginine may be converted, 
through ornithine and putrescine, to spermidine, which is 
required for milk protein synthesis’’® Preliminary studies 
indicate that *H-arginine is indeed converted to °H- 
spermidine and that prolactin stimulates this conversion 
by enhancing the activity of arginase (our unpublished 
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tn + 


661 


results). These results strongly suggest that arginase plays 
an important role in the biosynthesis of spermidine. Earlier 
studies’*** on cultured mammary explants showed that 
insulin stimulates the activity of ornithine decardoxylase 
and that glucocorticoid increases the activity of S-adenosyl- 
L-methionine decarboxylase. Thus it appears that insulin, 
glucocorticoid, and prolactin interact to stimulate a group 
of enzymes which are involved in the biosynthesis of 
spermidine during the development of mammary epithelium. 
In view of the observation’ that spermidine is necessary 
for milk protein synthesis, such interaction may represent a 
fundamental mechanism for the regulation of lactogenesis 
by these hormones. 

Finally, it should be emphasised that our studies in vitro 
do not exclude a possible role of arginase for proline forma- 
tion, as suggested earlier’. It is possible that in addition to 
a role in spermidine formation, arginase may also par- 
ticipate in proline synthesis in intact animals where the 
proline supply may not be abundant. 

We thank Dr Y. J. Topper for encouragement and sup- 
port throughout this investigation. 
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Cytosol-binding protein of 
thyroxine and triiodothyronine in 
human and rat kidney tissue 


DuRING the past few years, it has become increasingly apparent 
that nonpeptide hormone action in the respective target organs 
occurs in the nucleus. This was first shown for steroid hor- 
mongs'~* and more recently for thyroid hormones*. Specific 
nuclear acceptor molecules for hormones have been shown in 


target tissues, associated with nuclear proteins®~*. The question 


arises whether hormone molecules, on their way to the nuclear 
binding gites, traverse the cytoplasm in a more or less random 
fashion or whether they are bound by specific cytoplasmic 
receptor molecules. 
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Fig. § Comparison of radioactive scans of human serum and 
human renal cell binding proteins. Electrophoresis was done in 
glycine-acetate. pH 8.6. The label is }1-T,. 


Accordingly we have sought specific cytoplasmic proteins 
that bind thyroid hormones and are distinctly different from 
the serum protein carriers such as thyroxine-binding a-globulin 
(TBG), thyoxine-binding prealbumin (TBPA) and albumin, 
the major carriers of thyroid hormones in the circulations of 
rats as well as humans. In particle-free cytosol preparations 
from rat kidneys we have found four separate protein peaks, 
three of which bind both thyroxine (T,) and triiodothyronine 
(T,). One peak seems to bind FT, only. Thus. the cytoplasmic 
transport of thyo:id hormones seems to depend on receptor 
molecules. 

Male Sprague-Dawley rats weighing in excess of 250 g were 
used. Cytosol was prepared from perfused rat kidneys and 
livers. The aorta was cannulated and the kidneys perfused 
in site for 20-30 min with ice-cold isotonic saline solution 
until the venous effluent was crystal clear. Subsequent protein 
determinations by the Oyama-Eagle modification’ of the Lowry 
method'® confirmed the absence of appreciable protein in the 
effluent irrigation solution. The kidneys were removed and 
homogenised in three volumes of saline solution in an all glass 
homogeniser. In some cases the homogenate was spun at 
800g to obtain a supernatant free of nuclei and gross membrane 
fragments. The supernatant or the homogenate, packed in ice, 
was sonicated for 3 min with a Savant Instrument Model 1000 
Insonater. The sonicated material was centrifuged for 1 hat 
105,0002 in a Beckman L3-50 ultracentrifuge. The temperature 
throughout this procedure was 0°-4° C. After centrifugation 
the supernatant was decanted and stored at —20° C until used. 

The cytosol proteins were labelled with I-T, or with 
‘3—T, (Industrial Nuclear) and subjected to paper electro- 
hporesis. The electrophoretic systems were 0.2M glycine- 
acetate, pH 8.6 (refs 11, 12), 0.125 M sodium borate buffer, 
PH 10.0, or 0.05 M sodium glycinate buffer, pH 10.0. The paper 
strips were dried after electrophoresis and scanned with a 
Nuclear-Chicago Actigraph HI (Model 1004) strip scanner. In 
case of dual labelling, the strips were scanned rapidly and the area 
containing radioactivity was cut into 0.5 cm segments, which 
were then counted in a Packard Auto-Gamma spectrometer. 
Cultures of human kidney and liver cells were purchased from 
Microbiological Associates and treated as described earlier’. 
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The total protein content of the effluent perfusate was less 
than 2 mg mi ` after 20 ml of effluent had been collected, and 


usually required 20-30 min of perfusion. The liver perfused 
through the portal vein exhibited blanching, but effluent fluid 
was not analysed. 

It was not unexpected therefore, that cytosol preparations 
subjected to electrophoresis showed no peak with the mobility 
of serum TBG. In all cases, cytosol-binding proteins (CBP) 
were readily evident on scanning of dried paper electrophoretic 
strips; the scanning was done before staining with bromphenol 
blue to avoid elution of the tracer. 

The dialysis of the cytosol against at least 100 volumes of 
buffer or saline solution overnight before electrophoresis 
revealed retention of more than 60°% of the radioactivity by the 
cytosol solution in the dialysis bag, signifying unequivocal 
protein binding. 

Gel filtration studies on Sephadex G-200 showed a protein 
peak of radioactivity compatible with a molecular weight of 
about 70,000. To investigate the existence of cytosol binders in 
human kidney tissue, similar electrophoretic studies were 
carried out on sonicated human renal cells which had been 
incubated with }**1-T, as previously reported!*. A typical scan 
is illustrated in Fig. 1, which shows ‘pre-TBG’* and ‘post-TBG’ 
peaks, so designated because of their mobility, as well as origin 
radioactivity. The low level of radioactivity in human renal 
cell sonicates reflected the tracer amounts of hormone added to 
the cell cultures, approximately 2 =< 10°°M T,. 

The amount of origin radioactivity in different human and 
rat cell studies was quite variable, occasionally absent, and not 
clearly associated with any obvious experimental detail. 

Experiments were also performed on perfused rat liver 
cytosol as well as human liver cells (Chang liver) grown in 
culture!’, with findings of cytosol binding proteins in all cases. 

As Fig. 2 shows, labelled T, was apparently bound by 
different cytosol-binding proteins than T, as illustrated in 
electrophoretic strips run simultaneously. 





Fig. 2. Rat renal cytosol binding proteins for T, and T. Electro- 
phoresis was done in glycine-acetate, pH 8.6. 
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Since it could be argued that the different ligands could 
conceivably cause slightly different electrophoretic mobilities, 
experiments were carried out in which both labelled hormones 
as }*]-T, and }*4I-T, were added to the same rat renal cytosol 
preparation. A peak with greatest anionic mobility was found 
to bind T, but not T,, even with increments of nonradioactive 
T, as high as 20mg per 100 mi (2.6 x 107? M) as illustrated 
in Fig. 3. Whereas the glycine-acetate system at pH 8.6 used in 
the foregoing studies provided reasonable separation of peaks, 
we found that the sodium borate and sodium glycinate buffer 
systems at pH 10.0 provided much more rapid migration and 
greater separation of cytosol binding proteins (although these 
alkaline buffers are less satisfactory for study of serum protein 
carriers), 





Fig. 3 Rat renal cytosol binding proteins for T, and T,. Cytosol 
contained both *“1I-T, and -T,. Electrophoresis was done in 
sodium glycinate buffer, pH 10.0. The radioactive scan above 
reflects mainly H, and 125] to a lesser degree. In the histogram 
below with discrimination between the labels, in addition to origin 
radioactivity, the labelled T, is distributed in four peaks, 
appropriately numbered, with 4, which has moved farthest toward 
the anode at the left, clearly showing Ta, but no appreciable T, 
radioactivity. In contrast, the other peaks bound both radio- 
active hormones. In the run illustrated, the concentration of T, 
added was 0.16 ug per 100 ml (2.4 x 10 M), while the T, was 
11 ug per 100 ml (1.4 x 107-7 M). Similar results, that is, peak 4 
showing T, but not T, radioactivity were also seen with the 
same T, concentration, but T; concentrations of 1.1, 6.1, and 
also 21.1 pg per 100ml (1.4 x 10- M, 7.9 x 10-5 M and 
2.7 x 1077 M). 


The basic finding is the demonstration of binding of thyroid 
hormones by cytosol with retention of the ligand hormones 
after overnight dialysis. The demonstration of electrophoretic 
peaks suggests that it may become possible to isolate specific 
cytosol binding proteins and determine their binding constants 
by equilibrium dialysis and other methods. The findings are in 
general agreement with the preliminary descriptions of cytosol 
binding proteins by others", 

The use of strongly alkaline (pH 10.0) buffers represents a 
novel technical approach, in that it enhanced the sensitivity of 
ordinary paper electrophoresis with conventional rather than 
‘reverse’ or countercurrent flow!®. Since the overall picture is not 
different from those runs with lower pH, it is reasonable to 
assume that the only effect of the high pH was increased 
separation. 

Hormone action at the molecular leyel seems to involve the 
interaction between the hormone and the nonhistone’or acid 
soluble protein associated with nuclear chromatin, when small 
molecule (nonpeptide) hormones are considered. The evidence 
amassed during the past decade includes more evidence for the 































action of the steroid hormones than for the thyroid ve . 
Thus numerous studies have dealt with the sex steriods? 
cortisol?! and aldosterone®*-*3, The thyroid hormones, on th 
other hand, have been considered to have a primary ac 
on the cell nucleus since the demonstration of nuclear | 
tion of labelled thyroid hormone by Siegal and Tob 
cultured human renal epithelial cells. Further evidence 
cerning nuclear binding of the thyroid hormones has 
found in our laboratory, in which nuclear uptake in vitr 
been shown, and further details have been reported by others® 
Since there is also evidence of mitochondrial medi 
thyroid hormone action®*~?5, it is interesting th t 
found mitochondrial protein binding of both T, an 
studies now in progress. 
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Aryl hydrocarbon (benzo(a)pyrene) hydro- 
xylase in human peripheral blood monocytes 


MICROSOMAL mixed-function oxygenases metabolise a 
variety of exogenous compounds, including drugs, pesticides 
and carcinogens, as well as endogenous substances such as 
steroids'’. One oxygenase, aryl hydrocarbon hydroxylase 
(AHH), is important in both the detoxification of some 
carcinogenic polycyclic hydrocarbons and the activation of 
others to more carcinogenic forms’~*. Hydroxylase activity 
and cytochrome P-450 have been found in various tissues of 
animals’? and man’. AHH activity increases in many 
tissues after treatment with polycyclic hydrocarbons. In 
certain inbred mouse strains this increase appears to be 
regulated by a single autosomal dominant gene”, and a 
correlation between enzyme levels and susceptibility to 
methylcholanthrene-induced tumorigenesis has been re- 
ported". Data obtained by Shaw and his colleagues point 
to genetic regulation of AHH in human populations”. 

With the exception of peripheral blood lymphocytes, 
which must be stimulated with mitogens before assay, none 
of the human tissues in which AHH has been detected can 
be obtained readily for clinical and epidemiological study. 
Detection of AHH in macrophages of the human lung”, 
rat liver’® and guinea pig peritoneum” suggested that mono- 
cytes might also contain the enzyme. We report here that 
AHH is present in monocytes from human peripheral blood. 
This observation may facilitate studies in human populations 
relating hydroxylase activity and the metabolism of 
chemical carcinogens. 

Mononuclear leukocytes were obtained from heparinised 
human blood by the method of Boyum"™. At least 99% of 
the cells isolated were mononuclear and excluded trypan 
blue. After incubation in cell culture for 24 h, the leuko- 
cytes were treated with medium that either contained or 
lacked the polycyclic hydrocarbon benz(a)anthracene (1 
ug ml’). After incubation for a further 17 h, the culture 
medium was removed and the surface of the plastic culture 
dish was rinsed with Dulbecco’s phosphate-buffered saline. 
The adherent cell population was more than 95% viable 
and contained 98% monocytes, judged by cellular morph- 
ology and by the ability of the cells to phagocytose 1 um 
latex spheres (Dow) suspended in Eagle’s minimum essential 
medium containing 10% pooled human AB serum. An 
average of 46 10° monocytes was obtained from 500 ml of 
heparinised blood. Treatment with benz(a)anthracene did 
not affect the yield, viability or differential cell count of these 
preparations. Monocytes were assayed for AHH activity by 
the method of Nebert and Gelboin’® as modified by Keller- 
man et al”. 

AHH is present in human peripheral blood monocytes 
and its activity is increased following treatment with benz- 
(a)anthracene (Table 1). In twelve different donors, AHH 
activity ranged from 0.3 to 1.4 units per 10° cells and 
increased 4 to 33-fold after incubation with benz(a)anthra- 
cene. The activity of replicate samples from a single mono- 
cyte pool varied by less than 5%. AHH from human peri- 
pheral blood monocytes has properties which are typical of 
the microsomal mixed-function oxygenases (Table 2), that 
is, a requirement for NADPH and inhibition by carbon 
monoxide". In addition, hydroxylase activity is inhibited 
by 7, 8-benzoflavone, a potent inhibitor of the complex”. 

The presence of AHH in human peripheral blood mono- 
cytes further implicates the reticuloendothelial system in 
the metabolism of polycyclic hydrocarbons, suggests one 
explanation for the immunogenicity of these compo@nds 
and may provide a convenient assay for the study of AHH 
in human populations. Peripheral blood monocytes contri- 
bute to macrophage pools throughout the body and accum- 
ulate at sites of acute and chronic inflammation”. Girculat- 
ing monocytes could provide large local concentrations of 
the enzyme at inflammatory foci. Cantrell er al.™® obtained 


Nature Vol. 250 August 23 1974 


larger numbers of alveolar macrophages with higher hydro- 
xylase activity per cell from the lungs of smokers than from 
those of nonsmokers. The infiltration of inflammatory cells 
evoked by cigarette smoke, by various carcinogens and by 
cocarcinogenic promoters might influence the local metab- 
olism of polycyclic hydrocarbons. Reticuloendothelial cells 
in the liver, lung and lymphoid tissue might also participate 
in the detoxification or activation of certain carcinogens. 
Agents that stimulate or depress the reticuloendothelial 
system, such as BCG can modify chemical carcinogenesis”. 
The functional state of the reticuloendothelial system might 
alter the metabolic fate of carcinogenic compounds, 





Table 1 Aryl hydrocarbon hydroxylase activity in 


human peripheral blood monocytes 


Specific activity* 


Donor | Donor 2 
Control 0.5 1.4 
BA-treated 12.9 19.3 





Monocytes were suspended in 0.85 ml of a solution (pH 7.55) 
containing 67.5 pmol KH:PO., 66.7 pmol KOH, 4.2 umol MgCl, 
and 25 pmol nicotinamide. A solution (100 yl) containing 
0.7 mg NADH, 0.7 mg NADPH and 0.7 mg bovine serum 
albumin was added. The reaction was started by the addition of 
100 nmol of the substrate benzo(a)pyrene, in 0.050 mi acetone. 
Incubations were for 20 min at 37° C under the illumination of 
a single 25 W red bulb. The reaction was stopped by the addition 
of 1.0 ml acetone and the mixture was extracted with 3.0 ml 
hexane. A 2.5 m! sample of the organic layer was extracted with 
1.0 ml | N NaOH, and the fluorescence of the alkali phase was 
measured in an Aminco-Bowman spectrofluorometer and comb 
pared with that of a standard 3-hydroxybenzo(a)pyrene solution, 
The reaction was linear with respect to the time of incubation 





Table 2 Effect of assay conditions on aryl hydrocarbon 
hydroxylase activity from human peripheral blood monocytes 


ae aremm ire AAAA ama rw = a be a naasma mnnn nann mna murine vietaa aaas aara na maaa mamme 


Assay system 


Complete 5.0 
No NADPH 1.5 
g0% CO-10% O: 1.6 
7,8 BF (10~*M)t 2.0 


Monocytes were treated with benz(a)anthracene (1 fg ml”') as 
outlined in the text. AHH was assayed as described in Table 1. 
*Units per 10° cells. Each assay contained 3.3 x 10° mono- 
cytes. 
“478 benzoflavone was added in 0.010 mi dimethylsulphoxide. 

Cutaneous application of polycyclic hydrocarbon carcino- 
gens can produce immunologically specific contact hyper- 
sensitivity’. These low molecular weight hydrocarbons 
probably attain immunogenicity by conjugation with host 
proteins. Microsomal enzymes might contribute to the 
formation of immunogenic conjugates by converting un- 
reactive parent compounds to reactive intermediates able 
to bind covalently to cellular macromolecules. Macrophages 
derived from peripheral blood monocytes process macro- 
molecular antigens for presentation to lymphocytes in a 
more immunogenic form™. AHH within macrophages could 
catalyse the formation of immunogenic conjugates before 
antigen processing. 

A recent study has attempted to relate AHH levels to the 
development of lung cancer in man. Kellerman er al.” have 
measured hydroxylase induction in human leukocytes after 
incubation with phytohaemagglutinin and pokeweed mito- 
gem Under these conditions the polycyclic hydrocarbon 3- 
methylcholanthrene induced a greater increase in hydro- 
xylase activity in leukocytes from patients with lung cancer 
than in leukocytes from a control population. The require- 
ment for mitogens inethis system, however, raises the possi- 
bility that hydroxylase levels might be a function of the 
response of leukocytes to the mitogens rather than their 
reeponse to the 3-methylcholanthrene. Treatment with 
mitogens is not required to measure AHH in monocytes 





m ‘human: peripheral b blood. ere constitute 2-6% 
of the leukocytes in peripheral blood and absolute counts 
- range from 110° to 610° mi? (ref. 26). AHH assays 
-> require at least 410° monocytes for duplicate determina- 
tions following incubation with and without a polycyclic 
hydrocarbon. If all monocytes could be recovered, 7-40 ml 
-of peripheral blood would suffice. While several questions 
‘remain regarding the practiability of a monocyte assay for 
clinical use, including the efficiency of isolation techniques, 
these cells may provide a convenient source of tissue for the 
study of AHH in human populations. 
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19-Hydroxylated E E AE as 
the major prostaglandins of human semen 


ALMOST 30 years after the initial discovery of the prosta- 
; gla idins, Bergstrom ef al., succeeded in isolating and identify- 
: ostaglandins (PGs) E, Ea Fia and F,, from sources 
ding human sement. It was subsequently claimed? that 
19-hydroxy. derivatives of prostaglandins A and B wege 
ent. These compounds were tater found at an average 
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Fig. 1 Gas chromatogram of a semen extract as me 
methyl esters and trimethyl silyl ethers. The. extracti 
by mixing the semen with four volumes of 1.5 Mp 
acetate buffer (pHS) containing 5 mg mi~ meth 
hydrochloride and leaving in an ultrasonic bath fo 
The prostaglandins were then extracted with ether/ethyl a 
(4:1), methylated (diazomethane) andsilylated (bis-(trimeth: 
acetamide). The oximation gives rise to syn and anti i 
in the E compounds the first isomer to elute accounts fora . 
Sae 1/4 of the material derivatised®. mae isomers are denoted 





















semen PGs we have used a new approach for the m 
of the E prostaglandins, which involves. protec 
stable B-ketol system by oximation in the unextract 
thus ensuring minimal degradation to the A or B seri as 
this technique we found that the levels of 19-hydroxy derivat 
of PGA and PGB are relatively low whereas two new PG 
later identified as 11a,15,19-trihydroxy-9-keto prost-13-e1 
acid (19-hydroxy PGE,) and 11a,15, 19-trihydroxy-9-h 
prosta-5,13-dienoic acid (19-hydroxy PGE ,) were present: 
an average total concentration of 100 ug mi~. These con 
pounds can be isolated together as the methyl ester 
oxime derivatives by thin layer chromatography a 
individual components can be separated by gas c 
graphy as the methyl ester/methyl oxime/rert-butyl 
silyl ethers*. l 
The nature of the 19-hydroxy prostaglandins E w 
mined by gas chromatography/mass spectrometry and 
layer chromatography. The compounds v were present J 
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Fig. 2 Oxidative degradation of 19-OH PGE, as proof of stru 
ia is 19-OH PGE,, perjodate/permanganate oxidation. 
derivatjsed Ib followed by methylation (diazomethar 
silylation (bis-(trimethylsilyl) acetamide) gives ii. Oxi 
ic followed by methylation gives iii. Compound ii was ; 
tained by a similar oxidation of authentic PGE;. 
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chromatograms of semen extracts as a pair of peaks, (19-OH E3) 
followed by (19-OH E,), of approximately equal size, having 
retention times longer than those of E and 19-OH A prosta- 
glandins (Fig. 1). The mass spectral evidence (Table 1) was 
wholly consistent with the assigned structures. The shift of 
14 mass units in the molecular ion between a methy! and an 
ethyl oxime indicated one carbonyl group and a shift of 126 
between the molecular ion of the trimethyl silyl ether derivative 
and that of the tert-butyl dimethyl silyl derivative implied 
three hydroxyl groups. The mass spectra of all derivatives 
showed many similarities to those of the E prostaglandins; 
particularly informative was a strong M-159 peak in the 
spectrum of the methyl oxime/methyl ester/TMS ether repre- 
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Fig. 3 Mass spectra of 
oxidation products of 19- 
OH PGE, (a and c) and 
spectra of authentic origin; 
(b) was obtained by the 
oxidation of PGE,, and 
(d) was prepared by methy- 
lation, borohydride reduc- 
tion in tetrahydrofuran 
and acetylation of 5-keto 
hexanoic acid. 
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senting the loss of Cis to C of the prostaglandin molecule. 
This ion was particularly strong in the first isomer of the pair 
arising from oximation. The loss of 159 mass units from the 
19-OH compound corresponds to the loss of 71 mass units 
from the parent E derivative. This ion is similarly strong in 
the first isomer of E to elute on gas chromatography’. The 
presence of an ion of m/e 117 in all mass spectra of the TMS 
ether derivative of the 19-hydroxy compounds supported the 
assignment of the extra hydroxyl group to the 19 position, as 
this ion is characteristic of the CH (OTMSi) CH, group. 
The identity of the 19-OH E prostaglandins was confirmed 
by oxidative degradation. The 19-OH E compounds were 
isolated as a group by TLC using the methyl ester/methy| 





Table 1 Prominent peaks in the mass spectra of the two isomers of 19-OH E,s= 19-OH ES as methyl oximes, methyl esters, trimethyl silyl ethers 


19-OH prostaglandin E, 


Ion m/e First isomer Second isomer Probable origin 
Relative Relative 
abundance (%) abundance (°%) 
627 3 M 
596 18 M-31 œ 
537 16 M-90 
506 16 27 M-(90 +31) 
468 20 7 M-159 
416 12 8 M-(180-++- 31) 
378 25 M-(1 69+ 90) 


ot ornare ner N E EAER a aa 


lon mje First isomer Second isomer Probable origin 
Relative Relative 

abundance (%) abundance (%) 
598 18 5 M-31 
508 17 5 M-(90-+ 31) 
470 60 4 M-159 | 
456 8 M-(C,-C;) 
41% 17% 6 M-(180+ 31) 
380 45 M-(159-+-90) 
366 74 456-90 


ea ae eee ee een a ee ee ee Ce ee ea | en ge 


Ninety mass units represents loss of (-OTMSi-+ H), 31 mass units represents loss of --OCH, from methyl oximes. 
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oxime derivatives. These derivatives were recovered from the 
TLC plate and were oxidised with periodate/permanganate as 
described by Jacobson et al.*. This reagent hydroxylates 
_ double bonds and cleaves adjacent oxygenated functions. Thus 
hydroxyl groups are introduced at 13 and 14 and cleavage 
occurs. both between C,, and C,, and between C,, and Cis 
(Fig. 2). To identify the fragment C, to C,, the products of 
the oxidation of Ib were methylated, silylated and analysed 
by gas chromatography mass spectrometry. The spectrum of 
the expected compound (ID correlated well with the same 
fragment obtained by a similar oxidation of authentic PGE, 
(Fig. 3). To identify the C,;-C,, fragment the 19-OH prosta- 
glandins E were first acetylated (to prevent lactone formation 
after oxidation) and then oxidised as before. Gas chromato- 
graphy mass spectrometry analysis showed the major product 
to be 5-acetoxy methyl hexanoate, identified by comparison 
with the spectrum from authentic material (Fig. 3). 

The identity of these two parts of the molecule together 
with the mass spectral information from the intact compound 
conclusively identify the material present in the second gas 
chromatography peak as 19-OH PGE,. The similarity in the 
mass spectra and the gas chromatography evidence strongly 
indicate that the first peak of the pair is 19-OH PGE,. 

These 19-OH prostaglandins have probably been missed 
before for various reasons. They are converted to the A series 
if left in semen (almost all 19-OH prostaglandins E had dis- 
appeared in a semen sample left at 37° C for 60 h) and they 
are more difficult to extract from semen than the hydroxylated 
A or B compounds. We have succeeded in identifying the 
compounds by immediate oximation of fresh semen samples 
followed by extraction. We are now using this technique to 
establish the range of levels of these compounds in normal 
males and in cases of infertility. 

The biological role of prostaglandins in human semen has 
yet to be established but it is attractive to suppose that they 
could be concerned with sperm migration; it has even been 
claimed that PGE levels are lower in the semen of infertile 
men”, This leads us to pursue the investigation of the bio- 
logical activity and physiological significance of these exciting 
compounds. 

We thank Dr R. V. Short for help and encouragement. 
Prostaglandin E, was a gift from Dr J. Pike of the Upjohn 
Company. 
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Macrophage content of tumours in relation 
to metastatic spread and host immune reaction 


THE presence of infiltrating ‘histiocytic’, ‘mononuclear’ or 
‘round’ cells (many of which may be cells of the monocyte/ 
macrophage series) has often been observed in histological 
sections of certain types of human tumours and hag been 
claimed to indicate good prognosis'*. Evans, using a variety 
= Of functional criteria (such as adhesion to glass in the 
< presence of trypsin and phagocytic ability) has shown thft 
1acrophages in tumour cell suspensions can be readily 



































identified and quantitated’, and the macrophage ci 
of different experimental tumours were found to 
from 4%-56% of the total cell population’. Th 
were shown to be of host origin, most if not i 
derived from. circulating blood monocytes rather 
self-replication of macrophages within the tumou: 
published observation). was 
The experiments described here were designed 
gate whether the macrophage contents of a group o 
cally induced rat fibrosarcomata were in any way 
to their biological behaviour, and in particu 
metastatic capacity. It is possible that the number of mono- 
cytes gaining entry into a tumour is governed solely | y such 
properties as its vasculature, or alternatively, the presence 
of macrophages may represent part of an immunological 
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Fig. 1 Effect of immunosuppression on °% macrop 
tumours grown in deprived rats. a, Controls; b, 1 
thoracic duct lymph drainage: c, sham cannulate 
d, thymectomised and irradiated rats; e, sham thymec 
rats. The thoracic ducts of rats were cannulated and. 
implanted 1 d later. Drainage was terminated after 
when the number of lymphocytes collected over 24 h had 
to 0.1% of the first day’s yield. Sham cannulated rats unde 
anaesthesia and laparotomy, but the duct was left intac 
rats were thymectomised at 4 weeks and then. receives 
rad whole-body irradiation (X rays) at 2 week interv 
ensure recovery of the bone marrow, an interval of 
was allowed between the last dose of irradiation and img 
tion of the tumour. At this time, treated rats were able to 
develop normal inflammatory macrophage exudates. i 
response to intraperitoneal oyster glycogen. stimulatior 
indicating normal monocyte production. Thymuses of sham 
thymectomised rats were exposed but not removed and received 


reaction to tumour antigens and the degree of macrophage ue 
infiltration could then be a measure of the host response, 
The macrophage content of tumours grown in immuno- — 
suppressed Hooded rats was monitored. For these "ex 
ments to be interpretable, it was necessary to supp 
immunity without affecting normal bone marrow fun 
so that the availability of monocytes would not be r 
The procedures chosen were two methods which 1 
predominantly T lymphocytes: prolonged thoraci 
lymph drainage‘ during tumour growth; and thymect 
rats followed by repeated whole-body irradiation 
« > 7 
tumour implantation. Both procedures caused a $ 
suppression in T-cell dependent immune reactivit 


was demonstrated by the fact that an allograft (W 
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tumour grew progressively in the treated rats, but was 
invariably rejected by normal Hooded rats. 

Rats immunosuppressed by removal of T cells were in- 
oculated with cells from a syngeneic sarcoma, HSBPA, 
which when grown in normal animals gives rise to tumours 
containing approximately 50% macrophages. Figure 1 shows 
that in the treated rats the mean macrophage content of 
the tumours was lewered considerably. The rather wide 
range of variation in the drained rats (Fig 1b) may be a 
reflection of the total number of lymphocytes removed, 
since the rate of drainage achieved varied in different ani- 
mals. The numbers of macrophages in tumours grown in 
the sham cannulated group were normal, indicating that 
the stress of surgical trauma and confinement in restraining 
cages were not responsible for the observed differences. 
The effect of thymectomy plus irradiation was similar, but 
the individual values were less widely spread. This may be 
due to the fact that T cell removal was complete before 
tumour implantation, whereas in the previous group some 
degree of host reaction to tumour cells may have been 
induced before T cells were maximally depleted. 


Total deaths + 
metastases 


4 K i2 1G 20 22 30 
Time of death after tumour excision (week) 

Fig.2 Effect of immunosuppression on incidence of metastases 
after excision of HSBPA tumour. HSBPA tumours were grown 
i.m. in hind limbs of various groups of immunosuppressed rats 
(lymph drained, b, and thymectomised and irradiated, d) 
and appropriate controls (a, c, e) untreated rats a, and sham 
cannulated c, or sham thymectomised c, for 14 d. The 
limbs were then amputated, and the 


To investigate whether the macrophage content of a 
tumour can be influenced by raising the immune reactivity 
of the host, a Hooded rat sarcoma, MC3, was transplanted 
into August rats. This strain differs from the Hooded strain 
at minor, but not major histocompatibility loci, and will 
therefore allow progressive growth of Hooded rat tumours, 
in spite of a more pronounced host reaction to the grafts. 
In the syngeneic Hooded rats, the MC3 tumour grows from 
as few as 100 cells, invariably metastasises, and no protec- 
tion to a subsequent challenge can be induced by repeated 
immunisation. In the ‘allogeneic combination, (that is, in 
August rats) larger inocula of 10°-10° tumour cells are 
needed and the tumour remains strictly localised. The 
average macrophage content of MC3 tumours grown in 
syngeneic hosts was 8%, whereas in August rats it was 
raised to 38%. 

Non-specific stimulation of the reticuloendothelial system 
of syngeneic Hooded rats with BCG (Glaxo) before inocu- 
lation of MC3 sarcoma cells mixed with PPD reduced the 
incidence of spontaneous metastases from 100% to 80%. 
and led to a small rise in the macrophage contents of the 
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Table 1 Macrophage content, incidence of metastases and immuno- 
genicity of chemically induced rat fibrosarcomata transplanted into 
syngeneic recipients 


Mean % Incidence of 
macrophages metastases 
Tumour (and range) (%) Immunogenicity 

MC-3 8 (2-12) 100 < 10° 
HSH 12 (10-15) 100 102-2 x 104 
ASBPI 22 (18-26) 50-55 10° 
MCI-M 38 (36-42) 20-30 10° 

HSN 40 (34-44) 30-35 5 x 10810" 
HSBPA 54 (42-63) 10-12 107-5 x 10? 


OSOON Oaa CACC 


The incidence of metastases was measured after excision of tumours 
which had been growing i.m. in hind limbs for 14 d. Immunogenicity 
was assessed as the number of cells required for tumour growth in 
rats which were immunised by excision of i.m. tumours 14d 

previously. 


tumours to between 9% and 20%. These experiments sug- 
gest that the infiltration of macrophages is associated with 
an effective immune response of the host to the tumour, 
and that the variation in the macrophage content of differ- 
ent tumours may be related to their immunogenicity. 

Immunosuppression has been shown to facilitate meta- 
static spread’? and Fig. 2 shows that when the HSBPA rat 
fibrosarcoma was inoculated into T-cell depleted rats, the 
incidence of spontaneous metastases was greatly increased. 
From these experiments it is not possible to deduce whether 
the simultaneous decrease in macrophage infiltration (see 
Fig. 1) was causally related to the subsequent increase in 
metastases. A role for tumour macrophages in the control 
of tumour dissemination is suggested, however, by the 
parallel between macrophage content and the rate of spon- 
taneous metastasis of a series of six different rat sarcomas 
grown in normal syngeneic recipients (Table 1). 

The tendency to metastasise is also related (inversely) to 
the ‘immunogenicity’ of the tumours—this being defined as 
the degree of resistance to tumour challenge (expressed as 
the number of cells required to produce a tumour) in a 
suitably pre-immunised syngeneic recipient. Immunogenicity 
is not synonymous with antigenicity, since the former meas- 
ures the effectiveness of the host response, which is de- 
termined both by the magnitude of the immune mechanism 
and the success of the escape mechanism. Thus the MC* 
sarcoma induces cytotoxic cells’ and antibody to approxi- 
mately the same extent as highly immunogenic tumours. 
The lack of immunogenicity of tumours such as MC3 has 
been ascribed to a high rate of shedding of tumour-specific 
antigen into the circulation”, which combines with and 
neutralises cytotoxic lymphocytes before they can reach the 
tumour. The initiation of an immune reaction by itself is, 
therefore, not sufficient to induce a macrophage infiltration, 
there must be an effective immune reaction at the tumour 
site for this to occur. Thus, as in a delayed hypersensitivity 
site, while the presence of macrophages is an essential 
component of such a reaction, these cells do not appear 
until an interaction of immune lymphoid cells with the 
eliciting antigen has occurred. We have previously shown! 
that tumour-bearing animals become progressively less res- 
ponsive to DHS skin testing antigens and inflammatory 
stimuli, and it seems that this may be due to a competition 
of growing tumours for available monocytes, since the 
magnitude of the defect was directly related to the number 
of macrophages sequestered in the tumour of the rat being 
tested. 

What then is the role of macrophages in tumours? Are 
they ineffectual bystanders brought in by lymphokines re- 
leased in an immun® process effected entirely by lymphoid 
cells interacting with the tumour? Though this remains a 
possibility, the clear demonstration of an immunogically 
shecific cytotoxicity of macrophages to syngeneic sarcoma 
cells? makes this unlikely and the available data are more 
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consistent with the view that macrophages in the tumour 

play an active part in preventing metastatic spread. They 

may also contribute by phagocytosing tumour breakdown 

products, thereby reducing the amount of soluble antigen 

released into the circulation. 
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Antibody cell daughters can 
produce antibody of different specificities 


ALTHOUGH it contradicts current dogma, there is considerable 
indirect evidence for the idea that most antibody diversity is 
generated only after B cells are stimulated to proliferate by anti- 
gens or mitogens'**. A prediction of this theory, confirmed here, 
is that there may be rapid production within single clones, of 
cells producing antibody of different specificities. 

We characterised the specificity of antibody from single cells 
by its cross reactivity, using a modified version of the haemo- 
lytic plaque technique*. We tested antibody plaque-forming 
cells (PFC) not against a single type of red cell, but on a mixture 
of erythrocytes from two different individual sheep. Plaques 
were either clear (both red cells lysed), partial (only one lysed), 
or “‘sombreros’” with different degrees of lysis of both indicators 
(Fig. 1). The use of plaque morphology as a specificity marker 
has been fully justified elsewhere (A. J. C. and L. M. Pilarski, 
in preparation). It is not influenced by differences in amount of 
antibody since the morphology of a given plaque is faithfully 
maintained as it grows (A. J. C. and L. M. Pilarski, in prepar- 
ation). Nor does it reflect changes in antibody class since, in our 
experiments, plaques were always direct, produced early in a 
primary response (l-3 d) and obtained from cultures stimu- 
lated with bacterial lipopolysaccharide®, all conditions which 
favour IgM. 

Table 1 records that of 911 PFC cultured im vitro for 2 d, 
93 gave rise to two or more plaque-forming progeny. Procedure 
B unequivocally established that all PFC came from the initial 
donor cell. With procedure A, controls showed that the prob- 
ability of plaque formation by contaminating cells, or by 
irradiated cells, was very low. 

In most cases, plaques produced by all progeny were strik- 
ingly homogeneous except for small variations in overall 
diameter. This seems to serve as a good control of the validity of 
the marker system. That is, different individual cells from the 
same clone usually made plaques which were morpholegically 
identical. In 10 cases, however, there was obvious variation in 
the specificity of the antibody released by daughter cells. Seven 
of these microclones, (including the six where there were Ghly 


ettet ME 





Fig. 1 Photographs (a-c), and diagramatic representation (d-f), of 
clear (a, dì, sombrero (b, e) and partial (c, f) plaques each 
produced by a single cell in a mixture of erythrocytes from 
sheep | and sheep 2. Illumination was dark field. In the diagrams, 
the circles and squares represent red cells of the two different 
types. A clear plaque is produced by antibody which is equally 
capable of binding to both indicator red cells. A partial plaque is 
produced by a different antibody specificity which binds to 
determinants accessible on one red cell type and not on the 
other. A sombrero is caused by antibody which binds to both 
kinds of erythrocyte, but to one better than the other. Mixtures 
of red cells from two different sheep have been used rather than 
from sheep and goat or cow as in earlier work'**"* so that clear 
and partial plaques would occur with about equal frequency, to 
allow the best chance of detecting a change from clear to partial 
or vice versa: the principle is the same whether red cells from two 
outbred individuals of the same or different species are used. 


two plaques) showed two specificity types. Two of the clones 
contained what seemed to be plaques of three specificities (a 
clear plaque, a sombrero and partial). The most dramatic 
example of variation came from the culture of two large and 
tightly adherent cells (probably daughter cells) taken from the 
centre of a clear plaque in a microdrop, which on culture 
yielded a ball of 12 cells. Four of these gave similar plaques 
with a large clear centre, five produced sombreros with a tiny 
clear centre, one made a plaque which was possibly intermediate 
between these two types, one gave an entirely partial plaque, and 
one was undiagnosed since it was firmly stuck to one of the other 
cells (see below and Table 2). All of these plaques were similar 
in overall diameter, and all came from cells which looked 
matroscopically undamaged and were of similar size. 

Sombrero plaques were a common result of these single-cell 
cultures. The ratio of overall (partial lysis) area to area of clear 
lysis can vary widely in Such plaques, but in most single clones it 
was stikingly constant: if one plaque had a narrow ‘brim’ of 
partial lysis, then all showed exactly the same morphology. 
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Table 1 Numbers of PEC obtained from cultures of a single initial PFC* 





Ta Number of Variation Number of cases where x PFC progeny were found 
Procedure individual shown by 
a transfers clones x=0 1 2 3 4 5 6 I 8 9 10 li >H 
A 340 No 248 51 18 5 5 | l 0 l 0 0 0 5t 
l Yes 2 2 i 
l B 571 No 437 82 30 9 2 2 3 0 0 0 I 0 
wee N Yes 4 I} 


*Pooled results of all experiments. 

tIn all of these cases there were one or two large plaques and a large number (up to 60) tiny plaque-like areas with no central white cell, 

which were possibly caused by fragments of cytoplasm shed from antibody-containing cells. 

{This clone came from two tightly joined cells which were cultured together. 

For procedure B, 10’ spleen cells from one or more normal adult CBA mice were incubated in polyacrylamide rafts, as described by Marbrook 
and HaskilP*, Approximately 5 x 10° sterile sheep red cells were added, from any one of several commercial donor sheep. The medium was 
Eagles minimal essential, plus bicarbonate, with 10% added foetal calf serum. All cultures always contained Escherichia coli 0128 :B12 lipopoly- 
saccharide (Difco) at a final concentration of 7.5 pg ml. Rafts were incubated at 37° C in an atmosphere of 10% CO, and 83% Ng, at pH 7.3. 

_. These cultures were collected at 24 h, when they had developed a total of 100-200 anti-sheep PFC. Cells from these 1 d mass cultures were 
on dispersed under oilin microdrops containing a mixture of red cells from two standard sheep, (1 and 2) together with complement and medium”. 
oe o were incubated horizontally for 15-30 min at 37° C, so that plaques could be seen around the rare antibody-forming cells. 
























sh medium, complement, and red cells from the two standard 
ed for 1 h, and the resulting plaques characterised as having 


Contrasted with this were the instances of heterogeneous 
lones. Table 2 records the sizes and relative areas of clear and 
“partial lysis in one representative homogeneous clone, and in 
two of the clones obtained by procedure B which were classified 
-as showing variation. 
__.The frequency of variation shown by cells in our cultures is 
-obviously much higher than has been previously thought to 
occur. Assuming an average of two divisions per microclone we 
estimate about one variation event (mutation or gene switch) 
per 30 divisions. We have also obtained evidence for a similar 
_ fate of variation in limit dilution cultures of spleen cells both 
_ ta vitro and in vivo (L. M. Pilarski and A.J.C., in preparation). 
_ There are a number of possible reasons why the method we have 
used has detected many more variants than other methods, the 
a most important being its sensitivity. The plaque technique can 
a pick up a single cell which is different from the rest of a clone. It 
is also extremely sensitive in that when two closely similar anti- 
gens (red cells from two sheep) are used, it seems reasonable that 
a small change in antibody structure may produce a slight 
increase or decrease in avidity for one antigen without affecting 
avidity for the other, resulting in a measurable change in plaque 
morphology, for example the plaque may change from clear to 
sombrero. Our conditions (IgM antibody, mitogen stimulation, 
early stages of clonal development), may also favour variation 
by comparison with most other clonal work, which has usually 
been done on protracted cultures of antibody-forming cells or 
myelomas, (for example refs 7,8). Frequently, the methods used 
_ to characterterise such antibody as ‘monoclonal’ would not 
= detect 5° of variants. 

The only other attempt to detect clonal variation using the 
same markeras ours is the work of Nossal and Lewist* who found 
no variants in the two daughter cells from each of 13 PFC, by 
testing plaques on a mixture of sheep and goat red eells. 
According to the rate of variation which we have observed 
this was too small a number of divisions for a variation event to 
be expected. : 

Other groups™!® have recently looked for variation in 
cultured myeloma cells, using techniques which would probably 





4s period of incubation was kept as short as possible to prevent damage to the cells. For this reason the morphology of the plaque around the 
PFC was not always certain, although there was probably some selection for clear plaques which are easier to see than partials when 
The medium for these short-term incubations in an air atmosphere was 199 plus 10°% foetal calf serum, buffered with 0.02 M HEPES. 
idual PFC were now isolated from all other cells and micromanipulated out of the drops'®. A single PFC was then transferred with a fine, 
at -held micropipette to one of the microculture wells in a new polyacrylamide raft. These wells had each been pre-seeded with about 100 
cay ly irradiated (5,000 r.) normal CBA spleen cells and 1,000 sterile sheep red cells (again from any one of several commercial donor sheep), 
1¢ medium being a mixture of equal parts of fresh Eagle’s medium and filtered conditioned medium from the donor cultures. The individual 
FC was observed at a magnification of x 40 as it was pipetted on to the small pellet in the well. Rafts containing transferred PFC were then 
ibated for 42-48 h (in rare cases 18-24 h) at 37° C. After culturing, it was possible to identify those cells which had come from the original 
heir large size, and because they were usually stuck firmly together in small clumps of up to 12 cells. They were sucked out of the well 
opipette and separated by continuous sucking up and down, where necessary with the addition of trypsin at a final concentration of 
14g mi~ to the drop for 1-20 min. Not infrequently, two or more cells could not be separated. The cells were then added to a mixture 


merino sheep, | and 2. The mixture was pipetted into a slide chamber’, 
clear, partial or sombrero morphology. Procedure A was used for earlier 


“experiments in which a larger number of feeder cells was used and 20-100 random normal cells were transferred and cultured together with the 
single PFC. 





Table 2 The morphological characteristics of plaques in three clones, 
each assayed on the same mixture of red cells from sheep | and 2 


Ratiot 
of areas 


Clone Diameter* 


number Classification 
i 


Homogeneous 


or 
mt 
o h 


Variation 


Variation 
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* Average diameter to which partial lysis extended. 
tRatio of area bounded by border of partial lysis to area of 
complete lysis. 


detect mainly large changes in Ig structure. Nevertheless, 
Baumal et a/.° demonstrated a fairly high rate of variation under 
some culture conditions, leaving open the possibility that small 
undetected changes in the V region may also have been common. 
Our experiments support the ideg that antibody diversity can 
be generated at a high rate after immunocompetent cells are 
= stimulated to proliferate. The experiments describe antibody 
phenotype only, and do not elucidate the genetic basis for clonal 
variation. Baltimore has recently described a possible mecha- 
nism Qf hypervariatiog. The small changes in specificity which 
we observe might well be due to point mutations in the V region 
(hypermutation), but we cannot entirely exclude rapid switching 
frem one pre-existing gene to another. 
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Spontaneous antilymphoma 
reaction of preleukaemic AKR 
mice is a non-T-cell killing 


THE high incidence of spontaneous leukaemias in AKR 
mice may be explained by the early appearance and high 
level of replication of a type C virus. It is often suggested, 
however, that in addition, AKR mice could be tolerant to 
their leukaemias. This tolerance would enhance the in vivo 
growth of malignant cells. In fact, AKR mice are not com- 
pletely devoid of antileukaemic immune response’~*, It 
would be interesting, therefore, to determine if a quantita- 
tive or qualitative defect of one given type of antileukaemic 
response exists in AKR mice. Previous work has shown 
that an antibody response directed against the type C virus 
or against antigens of leukaemic cells can be demonstrated 
not only in hyperimmune’ but also in normal AKR mice’. 


671 
A cell mediated reaction directed against G (Gross)* leu- 
kaemia antigen-bearing cells was also detected in vitro 
but this cell-mediated reaction was characterised by inhibi- 
tion of the growth of G+ cells in monolayers. It is now. 
known, however, that this kind of inhibition can be due 
to non-T cells’ s and could be antibody dependent", A : 
completely different cell-mediated antitumour reaction cano ce 
be evidenced in the murine sarcoma virus (MSV) induced 
tumour system by the chromium release test (CRT) which | 
detects a pure T-cell-mediated’*” and antibody-inde- 
pendent’ cytolysis of tumour cells. Our work: was per- a 
formed to determine if AKR mice are capable of — 
spontaneously developing such a kind of T-killer . cell o 
response. oe 
AKR, CsH/He, BALB/c and C57BL/6 mice were “tom ae 
our own colony. They have been tested at various ages from a 
2 weeks to 19 months without any preliminary treatment. se 
Both males and females were used and tested individually. — 
The CRT was done as previously described**. The effector 
cells were spleen cells, and the tumour target cells were 
lymphoma cells in suspension. A 100: 1 effector: target ce 
ratio was used. The serologically defined tumour. antig 
and the origin of the target cells are given in Table 1 Th 
specific chromium release was measured after 18 h in 
tion of target cells in the presence of effector c J 
expressed as the excess of release when target c 
incubated with AKR spleen cells in place of GE 
BALB/c or C57BL/6 control cells, No difference i 
chromium release can be detected when non-AKR cells 
were used as effector, whatever the age of the donor mice. - 
As previously discussed, an excess of 4% in the chromium ; 
release can be considered as significant’. 7 
Results of experiments in which the effectors were whole 
spleen cells are given in Table 1. Individual AKR mice less 
than 3 months old were constantly negative. Positive x 
was found in 75% of 3-5-month-old AKR mice. 
reaction was generally weak (specific. release AV 
12%), but could occasionally reach a high level (20 
Not only syngeneic or allogeneic G+ FME Gi- lympho a 
cells, but also G—FMRGi+ lymphoma cells: id 
be lysed by the AKR spleen cells. Such a cross. 
was previously observed in MSV tumour system! n 
lymphoma and P815 mastocytoma, which bear no serok IZIC 
ally defined leukaemic antigen*®, were never lysed by AKR 
spleen cells. Leukaemia of AKR mice began to appear 
after 5 month. Positive CRT reactions were observed i 
41% of non-leukaemic animals older than 5 month. These 
results show that positive reactions are less frequent. tha 
in younger mice. In addition, positively-reacting animals o 
were more frequent between 5 and 8 month (57%) than 
after 8 month (30%). CRT reactions were always negative — 
in mice with overt leukaemia (enlargement of spleen, 
lymph nodes and thymus). 
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Table 1 Frequency of spontaneous reactions of AKR in CRT 


Effector spleen cells (G++) target cells* 


GL 3 Eg G2 SK 1 
(G+FMRGI—) (G-+FMRGi—) (G+ FMRGi—) 

2 weeks to 

3 months old 0/32t 0/6 0/12 
3-5 months old 26/35 3/4 4/5 
Non-leukaemic: 

older than 5 months 21/46 1/4 5/18 
Leukaemic: i 

older than 5 months 0/14 0/2 ND{— 


*GL 3 and Ed G2 = C57BL/6 Gross virus-induced lymphoma. 
< i = AKR spontaneous lymphoma. . 
GIL 4 = C57BL/6 Graffi virus induced lymphoma. 
ERLD = C57BL/6 X-ray induced lymphoma. 


(G—) target cells* 





Total of | 
experiment with GiL 4 ERLD | = PRIS. 
(G+) target (G—FMRGi+) (G —FMRGi—) (G—FMRGi—) 
0/40 0/6 0/7 0/5 
33/44 6/10 0/3 0/7 
27/63 3/12 0/23 0/3 
00/16 0/4 0/7 ND 





P 815 = DBA/2 methyl-cholanthrene induced mastocytoma. 


tNumber of mice with positive results/number of tested mice. 
IND = Not done. 







Spleen cells from AKR 


Medium alone 


4 months old 25 

5 months old 19 17 
6 months old i1 12 
7 months old 8 7 
8 months old 15 12 


treatment on the activity of spontaneously cytotoxic AKR spleen cells for the GL 3 
lymphoma of C57BL/6 mice 


C,H normal serum 
with a oii 
2 


Specific chromium release (°%) in the presence of reactive spleen cells treated by: 


C,H anti- 
AKR serum 
without complement 
28 


C,H anti-8 
AKR serum 
with complement 
a1 


C,H normal serum 
without complement 
22 


20 Ze 21 
9 13 12 
8 10 7 

13 14 13 


Onteniente tee 


These results suggest that AKR mice can develop a 
spontaneous antileukaemic reaction which appears during 
the preleukaemic period and completely disappears with 

` the progression of the disease. It was previously shown 
= that the CRT allows the detection of a pure T-killer cell 
_ phenomenon in our MSV tumour system" as well as 
-o during allograft rejection’*’*. Thus, we have attempted to 
‘discover whether T cells could be responsible for the spon- 
aneous CRT reactions detected in AKR mice. The whole 
pleen cell suspensions of individual AKR mice were 
reated with C;:H/He anti-6@ AKR serum diluted at 1:10 
“and rabbit complement, before they were used in the CRT. 
Anti-6 AKR serum was obtained by repeated inoculations 
of AKR thymocytes in C;H/He mice, the serum was 
absorbed by C;H/He thymocytes and tested for its speci- 
-ficity for various lymphoid organs of AKR mice. Controls 
included in each experiments were first, AKR spleen 
cells treated by normal C;H/He serum and rabbit com- 













Anti C57BL/6 immune 
spleen cells from AKR 


Medium alone 


2 months old 31 
5 months old 23 26 
8 months old 36 37 


plement and, second, AKR spleen cells treated by anti-6 
AKR serum without complement. 

The results of a typical experiment are summarised in 
Table 2. They show that the elimination of ê antigen- 
-.. bearing cells does not decrease the antileukaemic response 

of AKR spleen cells. Twenty-three positive mice were 
individually studied giving identical results. It is unlikely 
that these results would be a consequence of a weak activity 
of the anti- AKR serum used, since this serum lyses all 
T-cells of AKR mice at dilutions up to 1:100 and because 
AKR receiving 410° C57BL/6 spleen cells intraperi- 
taneally have cytotoxic lymphocytes in CRT for C57BL/6 
target cells and pretreatment of these cytolytic cells with 
anti-6 AKR serum diluted at 1:10 and rabbit complement 
abolish their activity (Table 3). In addition, this last result 
: demonstrates clearly that AKR mice are perfectly able 
© to develop a T-killer cell response against an allogeneic 


C,H normal serum 
with complement 
38 


graft. It can be concluded that the positive results obtained 
in the CRT with AKR spleen cells were due to non-T cells. 

To study the nature of the effector cells, spleen cell sus- 
pensions from individual AKR mice were treated accord- 
ing to one of the following procedures (Table 4): first, 
incubation for 30 min at 37° C with carbonyl iron followed 
by six successive passages over a powerful magnet This 
procedure removes practically all the macrophages. Second, 
filtration through anti-immunoglomulin-coated glass bead 
columns according to the method of Wigzell et al.”. This 
method removes both the macrophages and the immuno- 
globulin-bearing lymphocytes, and the eluted suspensions 
contain about 90% T cells. Third, incubation for 20 min 
at 37°C with 0.25% trypsin. The reaction was stopped 
by the addition of five volumes medium containing 10% 
foetal calf serum. This method allows the eventual re- 
moval of antigen-antibody complexes attached to effector 
cells. The results (Table 4) show that column filtration 


JN eee nn ne aa anamnestic mentee mantener 
Table 3 Effect of anti-@ AKR serum and complement treatment on the activity of anti-C57BL/6 immune AKR spleen cells for the GL 3 
lymphoma of C57BL/6 mice 


POO ENANOS aaan aaeanoa TE 


Specific chromium release (%4) in the presence of immune spleen cells treated by: 


C,H anti-6 C,H anti-9 
C,H normal serum AKR serum AKR serum 
without complement with complement without complement 
35 0 33 
24 0 21 
34 0 38 


gn nA A PPAR ON FE TEPER TENS SLRS RRR Nl SNE 


strongly decreases the CRT activity of spleen cells, and 
carbonyl iron treatment abolishes it completely. Identical 
results were obtained with the 18 reactive mice tested. It 
can be concluded that non-T cells, probably macrophages, 
are the main effector cells of the spontaneous CRT reactions 
of preleukaemic AKR mice. Treatment of spleen cells with 
trypsin suppress the CRT activity (Table 4), and this activity 
does not reappear even 24 h after trypsinisation. It is 
likely, therefore, that an antibody-dependent cell-mediated 
reaction is involved. We are studying the capacity of various 
AKR sera to block reactive cells and to ‘arm’ nonreactive 
cells in CRT. 

Three points should be noted. First, an antileukaemic 
reaction can be detected by the CRT in preleukaemic AKR 
mice, but this reaction, probably antibody mediated, is 
unable to protect the mice since it was foand in at least 
75% of 3-5-month-old AKR mice, whereas the incidence 





Table 4 Effect of various treatments on the cytotoxic activity of reactive AKR spleen cells 





_Spleen.cells from AKR 
a ne Medun alone 


-4 months old 

_4 months old 21 

~ 3 months old » 16 

7 months old 12 ‘ 
-7 months old 9 


8 months old g 





Specific chromitgn release (%) in the presence of reactive spleen cells treated by: 
Column filtration 


: Carbonyl iron and magnet Trypsin 
0 

7 è e 0 0 

4 0 ND 

0 0 0 

0 ND 0 

0° 0 0 
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of leukaemia in AKR mice is about 80%. 
Second, we have demonstrated” in the MSV tumour sys- 
tem that the CRT allows the detection of pure T-cell killing 
of syngeneic tumour cells. Similar observations were done 
previously in allogeneic immunisation’~**, In the same 
experimental conditions, however, the AKR spontaneous 
reaction is caused by non-T cells. Immune cytolysis of 
P 815 tumour cells resulting from non-T cells have been 
also detected in old NZB mice. Furthermore, it is known 
that in the micrototoxicity assay (MA) both T and non-T 
cells? and even macrophages’ can be involved. It therefore 
seems necessary to determine precisely the nature of the 
effector cells for each tumour system, whatever the in 
vitro methods used to study the cell-mediated immunity. 
Third, the absence of T-killing in the antileukaemic res- 
ponse in preleukaemic AKR mice must be emphasised 
since the same animals can respond normally to allogeneic 
grafts with a high level of specific T-killer cells. The exist- 
ence of such a reaction not only in young AKR but also 
in 8-month-old mice is especially interesting and suggests 
that a decrease with aging in the immune competence of 
AKR is not involved. It is noteworthy that the same AKR 
mice which develop anti-allogeneic T-killer cells can 
have at the same time a non-T cell mediated reaction 
directed against syngeneic G+ lymphoma. The first re- 
action is abolished by anti- AKR whereas the second 
remains unchanged. Preliminary results indicate that the 
absence of T-killer response is not a general property 
of the leukaemia viruses since resistant mice such as 
CS7BL/6 are able to develop a ‘T’ response after Friend 
or Moloney virus inoculation (unpublished data). Further 
experiments in the Gross system using both sensitive and 
resistant mice are now in progress to determine whether 
the absence of T-killer cell response is a property of AKR 
mice or not. A hypothesis would be that the Rev-/ gene"? 
which conditions the sensibility to Gross virus induced 
leukaemias could be responsible for the AKR inability 
to develop an antileukaemic T-killer cell response. This 
hypothesis could be reinforced by the fact that an H-2- 
linked gene, possibly identical to Rev-/ mapped in the H-2 
complex near the ‘Ir region’ has been recently shown 
to act like an immune response control gene”. 
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Observations on the mechanism by ae 
which T-lymphocytes exert cytotoxic effects 
THE mechanism by which T lymphocytes kill tumour: cells i is 8 
unknown’. The killing is more rapid than reported- for 
lymphotoxin’. Among possible mechanisms are the involve- 
ment of complement components? or- phospholipase À, l 
which could generate lysolecithin in the target cell mem- - 
brane. To test these possibilities we have examined the rates. 
of release from tumour cells of markers of high and low > 
molecular weight and the effects of nonpenetrating solutes. 
If killing involves disruption of the structure of the cell = 
membrane, for example by lysolecithin, simultaneous release | 

of markers and no protection by macromolecular solutes ` 
would be expected. If lysis is osmotic, markers of low mole- 
cular weight should be released before those of high 
molecular weight and nonpenetrating solutes should. protect: 
against the lysis by counterbalancing — the intracellular 
osmotic pressure. In the case of complement | lysis, small 
macromolecules of molecular weight less than 40, 000, which: 
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Fig. 1 Time course of the specific release of **Rb (0—0) 


and “Cr (@—@®) from mastocytoma cells by sensitised spleen 
cells. P-815-X2 mastocytoma cells were double labelled: 

5x 10° cells were incubated for 1 h at 37° C with 100 pCi 
of Na.’CrO, and 1000 aCi of **RbCI in 1 mi Eagle’s 
minimal essential medium containing 10% foetal bovine 
serum. Sensitised spleen cells were obtained from CS57BL/6 
mice injected intraperitoneally 11 d earlier with 3x 10" live 
mastocytoma cells. Mixtures containing 10’ normal or sensi- 
tised spleen cells and 1.5 x 10° labelled mastocytoma cells in 

1 ml of the above medium were centrifuged in flat bottomed 
plastic tubes of 1.25 cm diameter and incubated at 37° C 
for the indicated lengths of time. Then they were mixed, | 
wriefly centrifuged and aliquots of supernatants taken’ for 
counting the released labels. Percentage specific release o: 
the two labels was obtained by subtracting the release in the 
presence’ of normal spleen cells from the release in the 
presence of sensitised.cells and is expressed as a fraction. of. 
the tptal labels released by freezing and thawing the cells. 
The values are means of duplicates and the range of 

variation is indicated. 














penetrate through complement lesions, do not inhibit lysis, 
- whereas those of molecular weight above 40,000 protect’. 

© Our experiments have been performed with a widely 
_ studied cytotoxicity model, mastocytoma cells from DBA /2 
- mice and sensitised lymphocytes from C57BL/6 mice’. As a 
convenient small marker we have used “Rb’*, which is not 


= bound in the cytoplasm and behaves in a manner analogous 


to K*, and as a large marker “Cr which is bound to cyto- 
plasmic protein. The time course of release of the two 
markers is shown in Fig. 1. It is clear that the specific release 
of *Rb* occurs much more rapidly than that of “Cr, as 
previously reported by Henney’. In contrast to Henney’, but 
like C. J. Sanderson and G. A. Taylor (unpublished), we 
find linear release of “Cr from the time of contact of 
effector lymphocytes and target cells. The slope of the curve 
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Fig. 2 Effect of dextran on the specific release of a, “Rb 
and b, “Cr from mastocytoma cells by sensitised lymphoid 
cells. Spleen cell—target cell mixtures (107 : 1.5x 10° in 0.5 
ml) were centrifuged and incubated at 37° C for 20 min. 
At that point (shown by arrow) 0.5 ml of a solution of 24% 
dextran molecular weight 10,000 daltons was added to some 
0.5 mi cell suspensions and all samples were incubated for 
a further 20 min before the release of the two labels was 
assessed in the presence (O) or absence (@) of dextran. 


of “Cr release is related in a linear fashion to the con- 
centration of the effector cells. These observations allow 
three conclusions. First, the cytotoxic mechanism depends 
on contact of one effector cell with a target cell, Second, 
within minutes of the establishment of such a contact the 
plasma membranes of the target cells show increased perme- 
ability to ions but not proteins. Third, loss of cytoplasmic 
proteins follows a slower, linear time course beginning in 
some cells within a few minutes of contact and occurring in 
other cells only after a delay of an hour or more. 

Although several nonpenetrating solutes were found to 
inhibit the lysis of target cells, most experiments were per- 
formed with dextran of molecular weight 10,000 (T 10). 
Representative experiments with dextran T 10 in the extra- 
cellular medium are shown in Table | and Fig. 2. When 
the dextran was added at the beginning of the experiment, 
inhibition of the release of "Rb as well as of “Cr was found, 
presumably because effective contact of the lymphocytes and 
target cells was prevented. When dextran was added after 5 
min there was only slight inhibition of "Rb release (possibly 


-> because effective contacts between lymphocytes and all target 


cells had not yet been established) but there was much 
greater (70%) inhibition of “Cr release. Addition of dextran 
as late as 20 min still produced highly significant inhibition 
of “Cr release but none of “Rb release. This effect was fully 
reversible: when medium containing dextran was replaced 
with medium lacking dextran, the release of “Cr proceeded 
. rapidly to completion. Hence the presence of dextran does 


-> not affect the increased permeability óf target cell membranes 


to ions but produces a marked and reversible inhibition of 
the release of cytoplasmic proteins. 
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Table 1 Effect of dextran on release of “Cr and “Rb from 
mastocytoma cells by sensitised lymphoid cells 





Experiment Time (min) Isotope % inhibition of 
No. when dextran released specific release 
added 

15-20 min* 40-45 min 

1 5 “Cr 70 = 1.7 44+ 1.1 

| 5 56RD 1441.8 0+ 1.4 

2 15 sRb 0 4 2.1 0 + 2.0 

3 20 Cr 37 + 0.7 30 + 0.6 

3 20 Rb 0 - 0.9 0+ 11 


*Time after dextran addition. 
The cytotoxicity assays were carried out as in Fig. 2, but with 
varying time intervals before and after the addition of dextran 
solution to the cell mixtures 


The kinetics of release of large and small markers and 
the protection against loss of large markers by low molecular 
weight dextran provide strong evidence that the lysis of 
tumour cells by sensitised T lymphocytes occurs through 
osmotic effects and that the ion-conducting channels formed 
in the plasma membrane of the target cells are smaller than 
those produced by complement. As shown in Table 2, neither 
the osmotic lysis produced in the same target cells by anti- 
body and complement nor that produced by lysolecithin is 
appreciably affected by dextran of molecular weight 10,000. 

It has been reported that cooling the injured target cells 
to 0° C in the effector cell independent phase of the reaction 
prevents “Cr release’. This observation was interpreted as 
evidence in support of an enzymic reaction. An alternative 
explanation is that because of loss of fluidity in the target 
cell membrane the ion-conducting channels generated follow- 
ing contact with effector lymphocytes are sealed at low 
temperatures. As shown in Fig. 3, cooling to 10° C inhibits 
almost completely leakage of **Rb as well as *'Cr from the 
target cells. In other experiments “Rb and “Cr release were 
markedly depressed even at 15° C, and returned to control 
levels when the cells were placed again at 37° C. These 
observations support the view that membrane fluidity is 











a b 
80 
<= 60 
E 
4 
o 
as 
a> 
me 
lagen =F 
4 Lae 
20 
+ 
TA I mpe ape mis a re: Fl AAA A a A SAE WUE <= 
0 
0 15 60 0 5 AR 
: Time (min) 


Fig. 3 Effect of lowering temperature on a, “Rb and b, 
5Cr release from the mastocytoma cells. Spleen cell—-target 
cell mixtures were prepared as in Fig. 1 and incubated at 
37° € for 15 min. Then some cell samples were cooled to 
10° C and all cell samples were incubated at the appropriate 
temperatures for up to 60 min. The labels released from the 
jarget cells in presence of sensitised (@) or normal (©) spleen 
cells at 37° C (- yor at 10° C GC — ~} 
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involved. Even the basal release of “Rb in the absence of 
specific effector cells is markedly reduced at 10°-15° C, which 
is again consistent with a requirement for membrane fluidity. 

These observations help to clarify the mechanism by which 
sensitised T lymphocytes lyse target cells. The first stage 
is the establishment of effective contact between effector cells 
and target cells. This requires effector cells which are living 
and moving: inhibition of motility of the cells by cyto- 
chalasin’”® blocks the early but not the later stages of the 
reaction. The inhibition of target cell lysis by agents generat- 
ing cyclic AMP*""' may exert their effects by depressing 
movements of effector cells. Movement is required for three 
reasons: bringing effector cells and target cells together, 
moving apposed membranes to establish intimate contact 
of appropriate type, and subsequent movement of the cells 
apart. Once effective contact of lymphocytes and target cells 
is established (which begins within a few minutes of their 
coming together) killing the lymphocytes by specific anti- 
body and complement does not prevent continued lysis of 
target cells: intact effector cells are not required for the final 
lytic process’. In fact, the films of Ginsburg and Ax“ show 
that lysis does not take place while the effector cell and 
target cell are in contact but occurs only after the effector 
cell has disengaged itself and moved on. ‘The films also show 
that the diameter of mastocytoma cells is increased before 
lysis, which is consistent with the interpretation that osmotic 
swelling is taking place. 





Table 2 Effect of dextran on the lysis of tumour cells by anti- 
body and complement and by lysolecithin 


Lytic agent Dextran w% Specific % Inhibition 
5Cr release by dextran 
Antibody —~ 91 + 0.9 — 
Antibody T 10 86 + 0.2 6 
Antibody T 40 46 + 2.3 50 
Lysolecithin — 100 -+ 0.2 — 
Lysolecithin T 10 100 = 0.1 0 





Tumour cells were incubated with a minimum lytic concentra- 
tion of rabbit antiserum against mastocytoma cells and guinea 
pig complement (4 haemolytic units) or with lysolecithin (20 yg 
mi~’) for 1 h at 37° C. Lysis in the presence and absence of 
dextran (12%) was compared. The “Cr release by antibody was 
compared with that produced by freezing and thawing cells, and 
that by lysolecithin, which was higher, compared in the presence 

and absence of dextran. 


During the second phase of the reaction the plasma mem- 
brane of the target cell becomes leaky to ions. The under- 
lying mechanism is not yet certain. An appealing hypothesis 
is that a gap junction is established between the effector and 
target cell. The report of Sellin and his colleagues™ that 
fluorescein passes from target cells to sensitised lymphocytes 
supports this interpretation. The electrotonic coupling, in- 
volving free passage of ions, of lymphocytes treated with 
phytohaemagglutinin’’ is also relevant since this lectin can 
promote lysis following contact between effector cells and 
target cells'*. Gap junctions are characterised by clusters of 
particles in apposed membranes demonstrable by freeze- 
fracturing electron microscopy”, and it is conceivable that 
crosslinking of proteins in the membrane of the target cell 
by specific receptor molecules on the surface of the lympho- 
cyte (by a process analogous to patching”) may be involved 
in the generation of gap junctions, and also in the persistence 
of such leaky complexes, allowing increased passive ion flux 
in the membrane of the target cell once the lymphocyte has 
moved away. 

The experiments reported in this paper seem to exclude 
a role of lysolecithin generation or of typical complement- 
induced membrane lesions in the lyse of tumour calls by 
sensitised T lymphocytes. A second phase of lysis, which 
does not require the presence of intact effector cells, is 
characterised by increased permeability of the target cell 
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Rapid mixed lymphocyte culture test based on : 
relative increase in protein synthesis o 


We have developed a mixed lymphocyte culture assay for 
matching prospective recipients of. organ transplants to — 
donor cadavers. Its rapidity, combined with the use of frozen — 
cells from a recipient panel, could facilitate the sharing A oe 
cadaveric organs among transplantation centres... ae 

Allogeneic lymphocytes mixed in culture stimulate: each a 
other and undergo blastogenesis to a degree proportional = 
to the degree of antigenetic disparity between the cells. This = 
mixed lymphocyte reaction (MLR) is a precise means by = 
which the graft versus host response can be estimated ino 
vitro. MLR is usually evaluated by the measurement of 
DNA synthesis in 5-8-d-old mixed lymphocyte cultu 
(MLC). Although the MLC test has been used for the sti 
of bme aspects of histocompatibility in man, its u 
matching donors to recipients for cadaveric organ 
plantation has been limited by the length of the test. A 
rapid test (72 th) meastiring stimulation of DNA sy 
in MLC has been reported’, and a method for early 
ation (11~24 h) of mixed leukocyte interaction in mi 
















676 
Table 1 MLR after inhibition of protein synthesis in stimulating 
lymphocytes 
Lymphocytes c.p.m. ?H-leucine c.p.m. #H-thymidine 
l h pulse 8h pulse (5 d culture) 
C 1220 307 
D 1170 342 
Din 1008 96 
De 112 42 
Dx De 1216 324 
Cc xD 6978 2176 
C x De 1357 298 
C x Dm 5109 1585 





The effects of emetine on stimulation of DNA and protein syn- 
thesis in MLR. Suspensions of lymphocytes (C) and (D) were prepared 
as described in the text (2 x 10° cells ml). Lymphocytes D were 
arbitrarily selected as stimulating cells and were treated with 
25 ug ml mitomycin C for 30 min at 37° C and used in MLC after 
excess mitomycin was removed by three washes with medium. 
Similarly, lymphocytes D were treated with | mg mi> emetine for 
30 min and used as De after three washes. Both mitomycin-treated 
(Dm) and emetine treated (De) cells remained viable (97%) as tested 
by trypan blue exclusion. Lymphocytes C and D (De and Dm) were 
incubated alone or mixed together and incubated in leucine-deficient 
medium in the presence of °H-leucine 0.001 umol ml? for Ih, 
collected and counted for °H incorporation. They were also cultured 
alone or mixed together and cultured for 5d in chemically defined 
medium’ containing 5° calf serum. On the fifth day cells were 
collected 8 h after the addition of 10 Ci mi> of *H-thymidine. 
Incorporation of *H-thymidine was measured by scintillation 
counting. A mixture of DDe was used to rule out possible carry-over 

of excess emetine by De. 


guinea pigs based on the measurement of protein synthesis 
has been described*-‘. We now report a rapid MLC assay 
(1 h) to discriminate between isogeneic and allogeneic 
human lymphocytes by measuring the relative increase in 
the rate of protein synthesis in MLR. The assay allows the 
use of frozen lymphocytes from a panel of prospective 
recipients. 

Using a synthetic medium’ free of leucine, we compared 
the changes in the rate of *H-leucine imcorporation into 
proteins of allogeneic lymphocytes. Leukocyte-rich plasma 
was obtained from heparinised blood after red blood cell 
sedimentation, and the leukocytes were isolated by centri- 
fugation (10 min at 150g). Lymphocytes were separated 
from granulocytes and red blood cell contaminants by. dis- 
continuous density gradient centrifugation’. 

Protein synthesis was measured as described in the 
legend to Fig. 1. The first increase in protein synthesis of 
MLR appeared as a distinct increase in the rate of `H- 
leucine incorporation beginning as early as 15 min after 
lymphocytes were mixed in culture. This increase lasted 
for about 4 h and then declined to a rate more characteristic 
of unstimulated lymphocytes. The second phase, probably 
more intimately related to DNA synthesis, appeared about 
12 h after the initial contact of allogeneic lymphocytes in 
culture. This phase seems to correspond to the stimulation 
of protein synthesis reported in MLR of guinea pigs and 
mice’*~*. 

The first phase of stimulation constituted the basis for 
the test. Lymphocytes were separated from their medium 
by filtration and cellular proteins and the proteins released 





Table 2 Correlation of stimulation ratio in rapid and standard MLC 


Stimulation ratio 


Lymphocytes in MLC DNA synthesis Protein synthesis 
AxXZ 3.7 2.7 
BxZ 4.0 3.2 
CXxXZ 6.2 4.8 
DxZ 9.6 10.0 
ExZ 18.5 15.6. 


Correlation of protein synthesis in rapid MLC with DNA synthesis 
in 5d MLC. Triplicate cultures were prepared described in Table I, 
and stimulation ratios were calculated,as follows c.p.m. of A x Z/ 
1/2 c.p.m. of A + 1/2c.p.m. of Z and so on. Lymphocytes A, B, C, D 
and E showed similar degrees of stimulation of DNA and protein 

synthesis by cell Z in two-way reactions. 
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into the medium by the lymphocytes were isolated. The 
patterns of leucine incorporation into these proteins after 
electrophoresis on polyacrylamide gel -° were compared with 
those of isogeneic lymphocytes in culture (Fig. 2). The 
results indicate that a major portion of the increase of 
radioactivity in MLC is associated with the proteins ex- 
creted into the medium. The pattern of “H-leucine incor- 
poration into proteins of allogeneic lymphocytes changes 
within | h of initial contact between these cells. The 
appearance of new and high peaks of leucine uptake 
suggests the synthesis of new proteins in stimulated cells. 

To confirm the participation of both cell types in the 


c.p.m. x 1073 





Time (h) 


Fig. 1 Biphasic protein synthesis in MLR: protein 
synthesis was measured by uptake of *H-leucine into acid- 
precipitable proteins. Allogeneic lymphocytes A and B 
(2 x 10° cells per ml) were incubated in a medium with low 
concentrations of leucine (1 pmol I-') by themselves or 
mixed (A:B=1) at 37° C for up to 24 h. Ten cultures of 
each type (A, B and A x B) were collected at each time 
point. For the first three time points (15, 30 and 60 min), 
0.001 pmol mi~' of *H-leucine was added to each culture 
at the plating time and cultures were collected after 15, 30 
and 60 min of incubation. Other cultures were collected at 
2-4 h intervals 1 h after the addition of 0.001 pmol ml? 
of *H-leucine. The total acid-precipitable protein of the 
medium and cells of each culture was collected on Millipore 
filters (0.2 um pore size), dried and counted in a scintillation 
counter. ©), Mean c.p.m. of allogeneic MLC (A x B), @, 1/2 
mean cp.m. of lymphocyte A+1/2 mean c.p.m. of 
lymphocyte B (A+B). The bars indicate + 1 s.d. 


first phase of protein synthesis, one cell type was pretreated 
with emetine’’-"’, which irreversibly inhibits cell protein 
synthesis without affecting viability. This prevented stimula- 
tion of protein and DNA synthesis in allogeneic lympho- 
cytes in MLC (Table 1), strongly suggesting that active 
protein synthesis in both the stimulating and responding 
cells is necessary for MLR. This reaction, at least in the 
early phase of MLC, is a two way response. 

In our leucine-free medium, the addition of a minimum 
af 0.001 umol mi~?’ of labelled leucine was required for an 
adequate response (Fig. 3). Different degrees of uptake of 
“H-leucine occurred when the leucine concentration was 
varied. Detection of stimulation of protein synthesis in a 
given pair of lymphocytes was optimal with 0.001 amol’ 
of leucine (Fig. 3). 

We have compared the stimulation ratio (c.p.m. of MLC 
per c.p.m. of individual allogeneic lymphocytes in culture) 
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Fig. 2 Electrophoretic 
proteins of stimulated (@) and unstimulated (C) lympho- 
cytes. Lymphocyte cultures were prepared as described in 


patterns of 


Fig. 1: 0.001 pmol mi~ of *H-leucine was added to each 
culture at the time of plating and incubated for 1 h. Lym- 
phocytes were separated from their culture medium by 
filtration through a Millipore filter (0.45 um pore size). 
Cells were suspended in 0.4 ml of 0.05 M Tris-HCI, pH 7.4, 
and mixed with 0.8 ml of 2% sodium dodecyl sulphate (SDS) 
solution containing 6 M urea and 25% mercaptoethanol and 
dissociated by heating at 100° C. Similarly, 0.4 ml of medium 
was mixed with 0.8 ml of 2% SDS containing 6 M urea and 
25% mercaptoethanol and dissociated by heating at 100° C. 
Aliquots (0.1 ml) of each denatured solution were applied 
to 7.5% acrylamide gel columns prepared according to 
Russell and Skehel’™® and electrophoresed for 8 h at 3 mA 
per gel. Gels were washed in 7% acetic acid and sliced 1 mm 
thick, each slice was solubilised in 0.1 mi of NCS (Nuclear 
Chicago) and counted in a scintillation counter after addition 
of counting fluid. a, Electrophoresis of proteins released into 
medium: @, c.p.m, of stimulated lymphocytes (A x B} O, 
c.p.m. of unstimulated lymphocytes (A+B); b, electro- 
phoresis of cellular proteins: @, c.p.m. of stimulated 
lymphocytes (A x B); ©, c. Fk .m. D unstimulated lymphocytes 
+B). 


of protein synthesis in rapid MLC with the stimulation 
ratio of DNA synthesis in 5-4 MLC of 500 related and 100 
unrelated donor-recipient pairs. The stimulation of DNA 
synthesis in all cases correlated well with the increase in 
the rate of protein synthesis in rapid MLC (Table 2). 

“This method was used to pair prospective kidney trans- 
plant. recipients and cadaveric dono. Frozen cells* from 
recipients were prepared and stored at —80° C in four 
‘panels according to their blood types (A, B, AB or 0). 
Lymphocytes from cadaveric donors of a given blood type 



























Table 3 Correlation of Rapid MLC with an. rejec 






Stimulation ratio © 


Number of cases Rejection Range Mean ~ 
4 0 12— 1.8 1.65 | 
8 i+ 2.1— 3.8 2.60 
6 2+ 3, 48 405 — 
3 3+ 6.7—10.4 8.10 — 
| 44 3 . as 


Thinyeight EPen 7 Cadavcrie apr ave were ene e 
planted on the basis of negative cross match. The stimu 
in rapid MLC were measured as described. Rejection wa: 
as follows: 0, no rejection—normal function (serum € 
than 1.5 mg %); 1+, one rejection crisis, reversed—normal fui : 
2+, two rejection crises, reversed—less than normal function sent 
creatinin more than 1.5mg%); 3+, two or more rejection. Crises, 
but kidney lost after 3 months; 4+, “uncontrollable rejecdon p requir 
ing graft nephrectomy. eke 








(A, B, AB or O) were mixed with lymphocytes of each Te- 
cipient in the corresponding panel for the rapid 
Thus a gradient of stimulation ratios was obtain 
donor-recipient pair with the lowest. stimulation 
selected. Stimulation ratios among a panel. of 
tested against lymphocytes of a | cada on 
between 2 and 30. 





3H--leucine (uCi ml~?) 


Fig. 3 The effects of variation of leucine concentéation: 
detection of MLR. Allogeneic lymphocytes C, D,E 
were prepared as described in the text and. suspe 
le@cine-free medium (2 x 10° cells per ml) in triplic 
were incubated by themselves or mixed with lym 
A (2x 10° cells per ml) for 1 h in the presence of 
amounts of *H-leucine. Radioactivity of incor rated 
was measured as destribed for Fig. 1. Mea 
stimulated lymphocytes are shown as Ax CLA 
on. The lower curves represent 1/2 (mean 
mean c.p.m. B) and so on. 
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in 10 cadaveric transplants suggested that the degree of 
survival of the renal transplant is inversely related to the 
magnitude of the stimulation ratio in rapid MLC’. Present 
data (Table 3) confirms our previous findings. 

I. PARSA 
Department of Pathology, 

S. L. Kountz 
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Downstate Medical Center, 
Brooklyn, New York 11203 
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Use of immune lymphocytes to 
detect expression of herpetic genome 


Herpes simplex virus DNA and RNA have been demonstrated 
in one specimen of cervical carcinoma! but these experiments 
are very difficult to reproduce, possibly because sophisticated 
hybridisation techniques must be applied to large amounts of 
tumour cells. In hamster fibroblasts transformed? by herpes 
simplex virus 2 (HSV-2), viral RNA sequences have been de- 
tected*, but not viral DNA; 60° of these transformed cells 
reacted with a herpesvirus antiserum, using immunofluores- 
cence techniques applied to unfixed cells’, but the background 
of positive cells was 10°, in control cells not treated with 
HSV-2. To confirm or complement hydridisation and immuno- 
fluorescence techniques, alternative methods may be useful. 

We have tried to transfer the nucleic acids of a transformed 
cell line to normal cells, and to check whether functional 
viral nucleic acid had been transferred, by assaying the recipient 
cells for herpetic antigen. For the assay, we used immune 
lymphocytes since we found that the donor transformed cells 
were susceptible to specific toxic action of lymphocytes from 
appropriately immunised animals (lymphocytotoxicity test); 
in addition, killed transformed cells could be used as antigens 
to stimulate lymphocytes from immune animals (one way 
mixed cultures). We shall first describe the antigenic charac- 
teristics of the transformed cells before reporting the attempts 
to transfer these properties to normal cells, by means of nucleic 
acid transfer. 

To provide immune lymphocytes for the cytotoxicity test, 
4 to 6-week-old hamsters were inoculated subcutaneously with 
2x 10° cells of the 333 line transformed by HSV-2. Tumours 
appeared 1-2 week later, in 80-1009% of the inoculated animals. 
Four weeks after inoculation, hamsters were killed and a 
lymphocyte suspension was prepared from the spleen. Toxicity 
of these lymphocytes was tested’ on cells prelabelled with 
Cr; Table 1 shows that lymphocytes from tumour-bearing 
animals were the most toxic for the homologous HSV-2 
oncogenic cell line but were also active on HSV-2 infected 
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cells. The effect was low or absent on a normal hamster cell 
line, as well as on an adenovirus type 12 oncogenic cell line 
(NilTr,). Conversely, hamsters inoculated intraperitoneally 
with ultraviolet-irradiated purified HSV-2 virions possessed 
lymphocytes which were the most toxic for HSV-2 infected 
cells, but also released *'Cr from HSV-2 transformed cells 
and from HSV-1I infected cells, and had no effect on normal 
hamster cells. 

These experiments showed that 333 transformed cells can 
be used as herpetic antigen targets: to investigate whether 
they could be used as an antigenic stimulus, we combined two 
published methods: one showed that mixed lymphocyte 
cultures can be miniaturised and performed with whole 
heparinised blood, without purification of the lymphocytes’, 
and the other applied the mixed lymphocyte reaction to the 
detection of tumour antigens’. We inoculated hamsters sub- 
cutaneously with 2 10° cells from the 333 line and killed 
some of them at various times after inoculation; their 
heparinised blood was cultivated for 5 d in the presence of 
mitomycin C-treated 333 cells. Tritiated thymidine was added 
on the fourth day, and its incorporation counted on the next 
day. The index of stimulation was considered positive when 
lymphocytes incorporated at least three times more thymidine 
after cultivation in the presence of the antigen than after 
culture in nutrient medium alone. Immune lymphocytes 





Table 1 Toxicity of immune lymphocytes for various target cells 





‘Cr release after action on cells 


Lymphocytes from 
Infected with 


hamsters inoculated Transformed with 


with Adeno- Normal 
HSV-2 virus 12 HSV-2 HSV-1! (C13) 

Transformed 
HSV-2 cells (333) 64* 0 

12 0 

19 R 

25 0 3 
Irradiated HSV-2 
virions 35 51 23 0 





* Specific *'Cr release (%). 

Lymphocyte suspensions were prepared from spleens of hamsters 
which either bore a subcutaneous tumour resulting from inoculation 
of 333 cells 4 weeks previously or had been immunised by two intra- 
peritoneal injections of 5 x 10° ultraviolet irradiated HSV-2 plaque- 
forming units. 10° lymphocytes were added to cups containing 
monolayers of 10t target cells, grown for 20 h after labelling with 
5Cr: 18 h after lymphocyte addition, radioactivity released into 

100 yl of the supernatant was counted. 


showed the highest index of stimulation when collected | week 
after inoculation of the antigen; the index decreased below 
significant values when the tumour appeared, a confirmation 
of other observations’. Table 2 shows the results obtained with 
lymphocytes collected one week after inoculation of the anti- 
gens. Lymphocytes from hamsters immunised with 2 10° 
HSV-2 transformed cells, or with ultraviolet-irradiated HSV-2 
virions, were stimulated specifically by the transformed cells. 
Hamsters inoculated with 2x108 HeLa cells, or with 10°--10° 
normal cells aspirated from the cervix of healthy women, did 
not react; however, one hamster showed a weak but significant 
reaction with the 333 cells after inoculation with about 10* 
cells from a secondary culture of a biopsy of human carcinoma 
of the cervix. The specificity and reproducibility of the latter 
result must be confirmed. It has been shown recently® that 
lymphocytes from women with cervical cancer were cytotoxic 
to HeLa cells, indicating the existence of an antigen common 
to these two types of cells; our results do not favour the hypo- 
thesis that this antigen is herpetic. 

Having demonstrated that immune lymphocytes can detect 
herpes antigens in cells, we then tried to transfer the expression 
of the$e antigens to 8ther cells by means of a nucleic acid 
transfer method used to rescue the SV 40 genome from trans- 
formed cells’; we chose this method because it was shown to 
be more efficient than cell fusion!’. Hep-2 cultures were grown 
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Table 2 Mixed culture of immune -lymphocytes with various 
mitomycin C-treated cells 





Blood from hanier 37H-Thymidine incorporation in the presence 


inoculated with of cells 

Transformed with Infected with Normal 

HSV-2 (333) HSV-2 (C 13) 

333 cells 36* | 8 
Irradiated HSV-2 virions 25 54 0 
Human cervical 
_. carcinoma culture 4,3 l 
Normal cervical cells 0.88 --0.48t 1.1 
HeLa cells 2.6 2.7 0.5 


VEERE AINNE ENER L E NEEE PE ERE EE EAA A EREE E 

* Index of stimulation: amount of *H-thymidine incorporated in 
the presence of stimulating cells divided by the amount incorporated 
after culture in nutrient medium alone. 

t Mean +s.e. of six tests performed after inoculation with 105--10° 
cervical cells from six women. 

One week after a single injection of the antigens, hamster blood was 
collected with 10 U ml ~ of heparin without preservative; aliquots of 
0.1 mi of blood were added to 2 mi nutrient medium with 5% in- 
activated foetal calf serum, containing 4 x 10° stimulating cells pre- 
treated #for 30 min at 37° C with 60 pg mi~ of mitomycin C. After 
4 d culture, 1 Ci *H-thymidine ml was added and 24 th later the 
amount of label incorporated into acid-insoluble material was 

counted. 


for 24 h after treatment with nucleic acids from 333 or Hep-2 
cells, or from HSV-2 virions; they were then either labelled 
with “Cr and used as targets for spleen lymphocytes from 
hamsters immunised with HSV-2 grown in Hep-2 cells: or 
they were treated with mitomycin C and used as stimulating 
antigens in mixed cultures with heparinised blood from the 
same immunised hamsters. In both tests, lymphocytes immune 
to HSV-2 reacted with Hep-2 cells treated with nucleic acids 
from the transformed cells, but not with untreated Hep-2 cells 
(Table 3). The immune lymphocytes also reacted with Hep-2 
cells infected with either HSV-2 virions or HSV-2 DNA; the 
latter result is not unexpected since the experiment was done 
under the conditions used to demonstrate that HSV DNA is 
infectious'*~"4, After treatment with nucleic acids from the 
transformed 333 cells, there was a zone phenomenon, since 
Hep-2 cells treated with 0.1 ug nucleic acids were more res- 
ponsive than those treated with 5 pg. A nucleic acid transfer 
experiment was then repeated, using hamster C 13 cells as 
recipients; the appearance of herpetic antigens in these cells 
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Table 3 Reaction of lymphocytes immune to HSV-2 with Hep-2 
cells grown after treatment with various nucleic acids (NA). 


Hep-2 cells grown Used a 
with Target cells for Stimulating cells in 
lymphocytotoxicity | mixed culture 
Exp. 1 
PBS 0* 
Hep-2 NA 5 ug 0 
0.1 pg 0 
333 NA 5 pg 6 
0.1 ug 9 
HSV-2 NA 5 pg 69 
0.1 ug 10 
HSV-2 virions 52 
Exp. 2 
PBS 0 if 
333 NA 5 ug 2 16 
0.1 pg 32 55.5 
HSV-2 NA 5 pg 29 51 
0.1 pg 3 6.5 


* % “Cr release from Hep-2 cells. 

t Stimulation index of thymidine incorporation into lymphocytes 
from hamsters immunised with ultraviolet HSV-2. 

After extraction” from 333 and Hep-2 cells and from HSV-2 
virions, nucleic acid solutions at 5 and 0.1 ug ml~? were prepared 
and mixed with CaCl, at final concentration of 125 mM (ref. 12) 
before inoculation of 0.5 mi nucleic acid solution to two Petri dishes 
containing 10° cells each. After 20 min at goom. temperature, each 
dish received 5 ml of nutrient medium and the cells were grown 
for 24 h at 37° C. They were then washed, suspended, and ™'Cr 
labelled for lymph ocytoxicity test (see Table 1) or treated with 

mitomycin C for the mixed culture test (see Table 2). © 
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Athymic (nude) mice express 
gene for myxovirus resistance 


DISAPPOINTINGLY little is known about the mecha 
natural, genetically determined resistance to infectious ag 
Even in the simplest situation, where a single, domina 
responsible for resistance to a group of closely related 
no satisfactory explanation of the phenomenon. fi 
offered. A case in point is the resistance towards ` 
action of a number of myxoviruses, mainly infers 


presence of the dominant gene Mx (refs 2-5), Seri te 
titrations in A2G and comparable susceptible mice showed that a 
resistance must depend on an event occurring early in the — 
infectious process, since by day 2 : fier challenge virus titres 
were significantly lower in resistant animals®. It was. con- | 
ceivable that an early triggering of the immune: system might 
exert such an effect. If this were the case, one would expect the : 
expression of the resistance gene to be impaired in mice showing _ o 
profound disturbances of their immunological apparatus. 
Nude mice homozygous for the gene nu (refs 6-9) show such a 
disturbance, mainly of the T cell system. We have therefore . 
introduced the gene Mx into nu/nu mice, and we have investi- 
gated the progeny from appropriate crosses for the Paene ic; 
expression of resistance to neurotropic influenza virus.. 
Nude males (genotype nujnu on a predominantly BA 5, 
genetic background, from G.L. Bomholtgard, Ry, 
were mated with A2G females (Mx/Mx, bred loca 
generation was normal with respect to coa 
development, and was resistant to intracerebral 
100 LDy, (as estimated in susceptible mice) of. 
influenza A, virus, strain NWS (ref. 3). Brother-sis e 
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Table 1 Resistance of nude F, mice* to neurotropic influenza A virus 


Experiment No. 
No. challenged Resistantt Susceptiblet 
1 9 8 | 
2 Ji 8 3 
3 il 8 3 
Total 31 24 7 


* 75% expected to be Mx carriers. 

t Survived intracerebral challenge with 100 LD» of stock NWS 
virus for 14 d or longer. 

t Died of viral infection within 5-7 d. 


among F, mice yielded an F, generation, of which approxi- 
mately 25°, were phenotypically nude. Assuming independent 
segregation of the genes nu and Mx, 75% of these nude F, 
should carry the gene Mx either in homozygous or heterozygous 
form, At the age of 3 weeks, nude F, together with comparable 
numbers of non-nude littermates, and with control resistant 
(Mx/+) and control susceptible mice for monitoring the 
challenge virus, were inoculated intracerebrally with 100 LD,, 
of NWS. All susceptible control animals succumbed to viral 
infection, whereas all control resistant Mx/+ mice survived. 
Of both nude and non-nude F, mice approximately 75% 
survived. The results of the nude group are shown in Table 1; 
the observed seven deaths among 31 challenged mice are close 
to the expected 25°. 

It is thus apparent that the nude phenotype did not preclude 
expression of virus resistance. The numbers observed also 


HAT ttre 
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Fig. 1 Serum antibody titres in myxovirus-resistant athymic 

and control mice surviving 100 LDso of influenza A NWS. 

©, Congenitally athymic (nude) mice: A, non-nude littermates. 
a, Serum taken on day 14; b, serum taken on day 21. 


suggest that the genes Mx and nu are not closely linked. To 
make sure that those mice which were assumed to be nude on 
the basis of their coat development also had abnormal thymuses, 
a few survivors were examined histologically. We found the 
typical picture of thymic dysplasia with cystic and tubular 
structures among irregularly arranged epithelial-like cells 
surrounded by connective tissue. Spleen and lymph nodes were 
found depleted of lymphoid cells in the thymus-dependent 
areas®’?, To measure functional impairment of the T cell 
system in nude, Af/x-bearing mice, use was made of the fact 
that formation of haemagglutination-inhibiting (HAI) anti- 
bodies is a T cell dependent function?®. Two and three weeks 
after virus challenge, individual surviving nude and nonenude 
littermates were trial bled and the titres of HAI were deter- 
mined. Figure 1 shows the results: nude mice surviving virus 
challenge had significantly lower antibody titres than similar 
non-nude littermates. The same difference was also revealed 
with antibodies to the complement-fixing nucleoprotein 
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antigen of influenza A virus. Tests on delayed hypersensitivity 
were not performed. 

Expression of resistance in Mx-bearing mice seems therefore 
independent not only of a functional T-cell system, but also of 
the orderly development of HAI antibodies, usually regarded 
as the protective antibody in influenza virus infection. These 
findings agree with the observations that resistance of A2G 
mice could not be broken by various immunosuppressive 
regimens, including whole body X irradiation and neonatal 
thymectomy (P. A. Klein, personal communication, and 
unpublished work). 

We conclude that the inborn resistance of mice carrying the 
dominant gene Mx does not require an intact immunological 
machinery for its expression. Both cellular and humoral 
immunity may be less important in recovery from influenza 
virus infection than hitherto suspected. 

We thank Dr E. Müller for histological examinations, and 
Mrs M. Acklin and Miss R. Leemann for help. 
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Location of nuclear proteins on 


the chromosomes of newt oocytes 
IN eukaryote cells chromosomal proteins are responsible for the 
organisational state of the DNA and the control of genetic 
expression, therefore knowledge of their location is an essential 
prerequisite for understanding chromosome function. Cyto- 
logical localisation of chromosomal proteins is feasible using 
cells with giant chromosomes such as the oocytes of the newt 
Triturus cristatus carnifex where there are clearly defined regions 
active in RNA transcription (the loops) and regions containing 
most (>95°%) of the DNA in a condensed state (the chromo- 
meres)!. There are two main classes of protein associated with 
chromosomes: histones, which are generally considered to be 
complexed with the sugar-phosphate backbone of the DNA®; 
and nonbasic proteins which are constituents of metabolically 
active chromatin’. l 
We extracted the nonbasic proteins from ribonucleoprotein 
(RNP) particles which are released from the chromosomes into 
the nucleoplasm*. These nonbasic proteins have been shown 
previously® to comprise a heterogeneous size distribution of 
polypeptides. Here the polypeptides were separated on a 
preparative scale by gplumn chromatography and injected into 
rabbits to stimulate antibody production. Histone protein was 
extracted from newt liver chromatin and was also used to 
produce antibodies. By treating chromosome preparations with 
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fluorescein-conjugated antibodies the chromosomal sites of the 
various proteins were determined. 

Nuclear RNP particles were isolated from homogenates of 
newt oocytes as described previously*®. The final step in 
purification was the collection of the peak fraction from a 
30-50% (w/v) sucrose gradient. At all stages in isolation, 
solutions contained 5m Mi 2-mercaptoethanol to prevent protein 
aggregation®. The RNP was solubilised in SDS-buffer (0.1% 
sodium deodecyl sulphate; 10 mM Tris-HCl, pH 7.4; 10 mM 
2-mercaptoethanol; 50 mM NaCl) and dialysed for 4 h against 





1.0 1.5 2.0 pe 


Effluent volume; void volume 


‘ig. 1 Separation of nuclear RNP proteins by column chroma- 
tography. An 0.5 ml solution of SDS-solubilised protein was 
applied to a 56 cm column of Sephadex G-200 Superfine gel and 
eluted with SDS-buffer. The eluted material was divided into 
five fractions as shown on the Asso profile. At the void volume of 
the column (V,) there was occasionally elution of contaminating 
RNA. The peak assigned as fraction 5 was not present in all 

preparations (dotted line). 


this buffer. The solubilised RNP complex was centrifuged at 
95,000g for 16 h to remove RNA by pelleting. To separate the 
RNP proteins on a molecular weight basis a 0.5 ml sample was 
eluted through a column of Sephadex G-200 gel with SDS-buffer. 
The elution profile of absorbance at 280 nm is shown in Fig. 1. 
Resolution of peaks was not as good as was obtained by SDS- 
acrylamide gel electrophoresis but large amounts of protein 
could easily be separated. The eluted protein was divided into 
five fractions each of which was concentrated to 0.5 ml by 
pressure dialysis. The complexity of protein content in each 
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fraction was analysed by SDS-acrylamide electrophoresis. These 
were compared with electropherograms of total RNP protein —. 
and of total histone (Fig. 2). Of the 13 main bands in the total . 
RNP extract, between two and four bands were contained in | 
each of the five gel-filtration fractions and distributed between - 
these fractions in groups of decreasing molecular weight (see 
also Table 1). The separation of the proteins by gel filtration W 
judged to be satisfactory. 
As antigen sources, 0.5 ml samples of total RNP protei 
fractionated RNP proteins and total histone were each inc 
porated into multiple emulsions’ and injected into differ 
rabbits. Similar samples were injected into different rabb 
three separate occasions to eliminate any anomalous effect d 
to a particular animal. After a minimum of 60 d the tabb 
were bled and the sera were prepared as described previously®. 
The various antisera were reacted with chromosomes as 
follows. Lampbrush chromosomes were prepared from newt 
oocyte nuclei? and firmly attached to the surfaces of coverslips - 
by centrifugation through Tris-buffered saline’, at pH 7.8, to — 
obtain maximum transmission of fluorescence. The chromosome. — 
preparations were treated with various dilutions of antisera in 
buffered saline for 30 min, washed in ee for i h, >, piae 











Fig. 2 SDS-acrylamide gel electrophoresis of solubilised proteins. 
a, Total nuclear RNP protein; b-f, fractions 1-5 derived: by. gel. 
filtration (Fig. 1): g, newt liver histones (kindly supplied. by 
Dr D. B. Malcolm), 20 Hl samples were applied to 7% poly- 
acrylamide gels containing 0.1° SDS hosphate . 
buffer, pH 7.1. Electrophoresis was at 10 mA per tube until.the 
buffer front had migrated 6-7 cm. The gels were fixed and stained 
with Coomassie blue. n 





Table 1 Characteristics of antisera produced against chromosomal proteins 





Antiserum produced Specificity of reaction with lampbrush chromosomes 


against 


Molecular weights Titre (greatest 
of main components dilution giving 
used as antigen a fluorescent 
reaction) 








Total nonbasic protein E re a 1 : 2,500 With all loops and with chromomeres to a lesser extent 
(13 bands) 
Fraction | 135,000 1:1,750 With all loops 
125,000 
90,000 
50,000 
Fraction 2 65,000 1:1,750 With all loops 
50,000 
Fraction 3 65,000 i 2,500 With only 10 pairs of loops 
50,000 
35,000 
Fraction 4 35,000 1,750  With*all loops and with chromomeres to a lesser extent 
20,000 
Fraction 5 eee 1:1,500 Mainly with chromomeres 
Total histone 20,000 2,500 With chromomeres 
16,000 i 
Normal serum — 1 : 500 With all structures 











in buffer. The chromosomes were located by phase contrast 
microscopy and then the fluorescent reaction was observed in a 
beam of ultraviolet light using the appropriate exciter and barrier 
- filters, 

Antiserum produced against the extract of nonbasic proteins 
reacted specifically with the chromosomes and more intensely 
with the loops than with the chromomeres. The antiserum 
produced against histone reacted primarily with the chromo- 
meres (Fig. 3d). Control preparations using normal rabbit serum 
reacted nonspecifically with all structures, nucleoli as well as 
chromosomes, but only at a relatively high serum concentration. 
The greatest serum dilution at which a fluorescent reaction could 
be obtained (see Table 1) was routinely used to avoid cross 
reaction and nonspecific effects. There was some reaction with 
the loops with anti-histone serum but this is most likely to result 
from contamination of histone extract with some nonbasic 
protein. In fact a few minor bands of high molecular weight 
protein could be seen on the electropherogram (Fig. 2). Low 
concentrations of histones may well be present in the loops but 


_the technique used here is probably not sensitive enough to 


detect these. 


Jen SEN ROG ALESSI BYTE R IAS ABE MAYES NRL CSET PONE POLI N I OR ON 
SI SSL OT AMPERAGE LAI PLEAS ALAN LI s 


Fig. 3 Phase contrast and fluorescence photomicrographs 
showing location and specificity of reaction of fluorescein- 
conjugated antibodies with lampbrush chromosomes. a, Anti- 
serum produced against RNP-protein fraction 2 at a concentra- 
tion of I: 1,000; b and c, antiserum against fraction 3 at a 
concentration of 1: 1,250; d, antiserum against histone at a 
concentration of 1 : 1,000. The photomicrographs were taken 
on Hford FP4 (1 s exposure for phase; 2.5 min exposure for 
fluorescence) and developed in Paterson's Acutol. The bars 
represent 10 um. 


Of the protein fractions derived from solubilised RNP- 
fractions 1, 2 and 4 stimulated antibodies which reacted specific- 
ally with all the chromosome loops (Fig. 3a), that is, one or more 
of the proteins present in these fractions were common to the 
RNP matrix of all loops. As a result of the distribution of 
different polypeptides between these fractions (see Fig. 1 and 
Table 1) at least two different proteins are common to all loops. 
Antibodies produced against fraction 4 showed some cross 
reaction with the chromomeres. Furthermore, antibodies against 
. fraction 5 reacted specifically with the chromomeric axis. 
Fraction 5 gave a very similar banding pattern on SDS- 
acrylamide gels to that of histone (Fig. 2). Because this fraction 
was not present in all RNP protein extracts (Fig. 1) fraction 5 
was judged to be contaminating histone probably as a regui of 
excessive homogenisation of the oocytes. 

The most interesting and unexpected result was given by 
antiserum produced against fraction 3. This antiserum reacted 
with the proteins associated with only certain loops—approxi- 
mately 10 loop pairs in each chromosome complemeft. These 
loops did not have any peculiar morphology and could not be 
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identified before the fluorescent reaction (Fig. 3b and ce), As far 
as can be discerned the same loops give this specific reaction in 
all chromosome preparations and are randomly distributed. 
Because the whole length of spatially isolated loops gives a 
specific reaction this is conclusive evidence of the integrity of the 
loop structure, that is, the lampbrush loop is a functional unit. 
Evidence that the loop is a unit of transcription will be reported 
later (J.S., unpublished work). The protein which is the main 
component of fraction 3 and which probably elicits the specific 
loop reaction has a molecular weight of approximately 35,000. 

Thus histones are present primarily in the regions of con- 
densed DNA (chromomeres) in lampbrush chromosomes (pre- 
viously shown to contain basic protein by staining’? while 
RNP-derived nonbasic proteins are restricted to the loops. The 
implications of the high protein content of nuclear RNP 
remains unknown. Preliminary evidence suggests that various 
types of enzymic activity are present, specifically the ability to 
polymerise ribonucleotide triphosphates and to cleave large 
nuclear RNA into smaller fragments. Homoribonucleotide 
polymerases"! and endonuclease’? have already been reported 
to be present in mammalian RNP particles. Obviously enzymes 
concerned with the processing of primary transcript RNA can 
only account for a very small amount of protein which may even 
not be visible in gel electropherograms. A secondary RNP 
formed during oocyte maturation has been isolated and has 
been shown to have a similar protein constitution to the 
RNP described here. Results pertaining to the protein content 
of the different RNP products at various stages in the processing 
of RNA transcripts will be reported later. 

We thank Dr D. B. Malcolm for supplying the histones and 
Professor H. G. Callan for critically reading the manuscript. 


SARAH E. M. SCOTT 
JOHN SOMMERVILLE 
Department of Zoology, 
The University, 
St. Andrews, Fife, UK 
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, Erratum 


In the article “‘Deterioration of high school students’ 
attitudes to physics” by P. L. Gardner (Nature, 250, 465; 
1974). the following eorrections should be made to the 3rd 
paragraph: line 5, for 4 yr read 2 yr; lines 10-11 should 
read “in coeducational State high schools in moderately 
afluent suburban areas of Melbourne.” 
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Geomorphological dating of | 
cave openings in South Africa 


In a recent article in Nature’ Partridge 
dates South African hominid sites with 
remarkable precision by relating them 
to retreat of cyclic nickpoints. The 
soundness of his analysis and results 
depends on the validity of his geomor- 
phological framework, the date of 
20 Myr assigned to the inception of his 
cyclic nickpoints and his method. 
The framework is well known and 
provides for the existence of identifiable 
remnants of ‘Gondwana’, ‘post-Gond- 
wana’, ‘African’ and later cyclic sur- 
faces of former continental extent’. 
The dating and correlation of erosion 
surfaces over wide areas of Africa with 
quite different climatic and tectonic 
histories rest, however, on shaky 
grounds’, Moreover, results of recent 
work connected with the South African 
oil search on land and offshore con- 
tradict the framework in many material 
respects. Lack of space makes it im- 
possible for me to elaborate here, but, 
as an example, the Paleogene, during 
which the African surface on land 
reputedly stood so low that the rivers 
were sediment starved', saw the most 
rapid deposition off the Natal coast 
from the mid-Cretaceous onwards. 
The dating of 20 Myr for the incep- 
tion of the ‘Post African 1’ cyclic 
nickpoint, based on transgressive sedi- 
ments above an unconformity at Uloa, 
Natal, is taken as factual. The correla- 
tion of transgressive coastal sequences 
with incision on land is debatable, as it 
presupposes rather special conditions: 
but if we accept that the sediments 
above the unconformity could record 
the first incision of the ‘African’ sur- 
face, the figure may have to be doubled: 
in the J (c)—I1 well, drilled 24 km off 
Stanger, the unconformity and ‘Pecten 
Bed’ are clearly identifiable, but the 
age is early Oligocene’, Relationships 
at Uloa, on which so much has been 
based, are representative of one stand 
of a slowly migrating shoreline. 
Briefly. Partridge’s method involves 
the calculation of mean rates of nick- 
point recession in respect of each site, 
which are then plotted in relation to 
the midpoints of the segments affected 
by incision. He assumes that nickpoint 
migration was subject to linear decline 
culminating in zero at the stream 
sources, and apparently reads off the 
rates of migration at the hominid sites 
from the graph in Fig. 2. He admits 





arising 


that the assumption is erroneous, but 
maintains that the errors of the linear 
interpolation technique are greatly re- 
duced due to the close proximity of the 
sites to the headwaters. He thus makes 
an assumption that seems to be basic 
to his argument and calculations, ad- 
mits that it is erroneous, but brushes 
away any possible reservations by imply- 
ing that migration rates near the sites 
were so low that they would have been 
little affected by what happened down- 
stream anyway. 

Recognition of small nickpoints so 
far upstream as expressions of an anci- 
ent coastal event cannot be an easy 
exercise in a region with numerous 
nickpoints clearly attributable to 
differential rock resistance, warping, 
and so forth. Moreover, a method 
based on nickpoint recession cannot 
be applicable to a major basin such 
as the Orange, where great differences 
in gradient and channel characteristics 
reflect the extreme variations in lith- 
ology. The present regime illustrates 
the influence of climate: below Prieska 
the flow probably decreases at normal 
times downstream, and nickpoint re- 
cession rates would presumably not 
have decreased upstream under com- 
parable past climates. My gravest 
criticism, however, is that the impli- 
cations of differential nickpoint reces- 
sion up a main stream and its tribu- 
taries are ignored. Thus the Orange. 
the Vaal, the Harts and a small 
tributary are lumped together, al- 
though they are clearly not amenable 
to treatment as a single unit: this pro- 
cedure presupposes that recession rates 
are mainly dependent on distances of 
watersheds and nickpoints from the 
main drainage outlet to the ocean, and 
not on conditions along the stream 
courses themselves. 

Partridge’s methods and basic as- 
sumntions are of doubtful scientific 
validity. and his datings can onlv serve 
to confuse and mislead South -African 
anthropologists. 


A. M. J. De SWARDT 


Southern Oil Exploration 
Corporation (Pty) Limited, 


Johannesburg, South Africa 
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Dr PARTRIDGE REPLIES: Dr de Swardt’s eh 
comments, although relevant to the- 
technique and results reported in my- 
article, reflect fundamental misconcep: 
tions as well as lack of famili 
with recent geomorphological resear 
in South Africa. It would- the 
be unprofitable to take issue wit 
point for point, though I shoul 
to refute certain statements of. 
which have direct bearing on my argu: 
ment. 


(1) I claimed no. “remarkable pre- 
cision” for my estimates . for the date 
of first cave opening at..1 ous 
hominid sites. M 
sented cautiously a 
to limitations im- 
availability of data f 
of the nickpoint n 
the resulting possib 
fluctuations between obs t 

(2) The seoinorphological 
work which de Swardt calls toi 
is firmly based on scientific observa om 
and measurement, and does not rely. 
on the unsupported views of any one. 
worker. In particular, Professor Le C. 
King has never claimed that all of 
the cyclic surfaces referred to by. de. 
Swardt were of former continental > 
extent. This is a totally unreasonable... 
proposition, and was certainly not ap- 
plied in the context of my work. In- 
deed, the study of such surfaces in. 
southern Africa has revealed that some 
are represented over limited areas, 





others have been partially planed and 


most have been subject to post-forma- 
tional warping. All these factors have 

been subjected to detailed analysis 

(see references in my original article), 

and the results have been taken into 
account in the application of my tech- 
nique. fis 
(3) There is no contradiction of the. 
geomorphological framework which f- 
applied in the records of offshore 
prospecting cited by de Swardt. Var 
workers, including King, have f 
cotded sedimentation of the contén: 
tal shelf, dating from mid-Cretaceous 
to early Tertiary times’, which can 




















‘be referred to onshore incision in the 


African erosion cycle. These offshore 
results merely add to the overwhelming 
body of evidence in support of the 
framework which de Swardt wishes to 
discredit. 

(4) In assessing the date of inception 
of the Post-African I erosion cycle, the 
age of littoral sediments immediately 
overlying the Post-African I planation 
surface must be conclusive. Where 
such sediments have been preserved, 
not only at Uloa, but along consider- 
able stretches of the South African 
coast between East London and Sal- 
danha Bay, their age has proved to be 
Miocene®, Simple palaeontological 
principles do not permit that the Oli- 


gocene “Pecten Bed” identified 24 km 
offshore during drilling operations is 


the same biostratigraphical unit as that 
of Uloa, since both the shark and 
Pecten fauna at the latter locality have 
been confidently placed within the Mio- 
cene on the basis of reliable evi- 
dence**. The 20 Myr date for the in- 
ception of the Post-African I incision 
can therefore be accepted with con- 
fidence. Relationships along consider- 
able stretches of the coast do not 
indicate a slowly migrating shoreline, 
but several phases of transgression 
during the Tertiary**. 

(5) A small margin of error in my 
assessment of nickpoint migration 
rates cannot be avoided, as the linear 
assumption provides for a mean rep- 
resentation, which cannot readily be 
refined, as the affects of some variables 
are impossible to measure. This is a 
potential source of some inaccuracy, 
but can by no stretch of argument be 
regarded as fatal to the technique. 
The absolute range of possible inac- 
curacies must, of necessity, decrease 
towards the watershed origin. This 
range is considered to be sufficiently 
small to permit the technique to be 
used to derive general orders of age 
and a relative sequence of dates for 
cave opening—all that I originally 
claimed for my results. 

(6) Numerous erosional nickpoints 
in South Africa can be recognised 
through careful fieldwork. Their cyclic 
associations are not difficult to de- 
termine through the application of 
careful morphormetric and statistical 
analyses such as formed the basis for 
my article. Erosional nickpoints are 
clearly distinguishable from those of 


»~-hithological or local tectonic origin. 


charge. 


(7) Decline in nickpoint migration 
rates upstream is by no means exclus- 
ively a function of diminishing dis- 
Owing to large scale Plio- 
Pleistocene upwarping of the South 
African coastal margins, many rivers 
show substantially steeper gradients 
along their lower courses than’ in 
higher reaches; for example, between 
the Orange River mouth and Prieska, 






the mean channel gradient is 0.9 me 
kmi; between Prieska and Buxton on 


the Harts River the gradient is 0.4 m 
km~, 

(8) Variations in nickpoint migra- 
tion rates between trunk and tribu- 
tary channels are, indeed, taken into 
account in my analysis, since my 
measurements are related to the actual 
channel segments concerned. Varying 
conditions along such segments have 
naturally affected the present positions 
of the nickpoints which have migrated 
along them, upon which my graphs 
are based. The limited inaccuracies 
which may result from small-scale 
fluctuations between observation points 
have been considered. 

(9) The validity of my method and 
assumptions is further confirmed by 
two age estimates based on entirely 
different techniques. My estimate of 
4.8 Myr for the 61 m terrace of the 
Vaal River at Windsorton’, based on 
the same methods used to estimate 
dates of first cave opening, is generally 
confirmed by the presence at this 
locality of elephant remains which ex- 
isted some 4 Myr ago in the East 
African potassium—argon chronology’. 
Moreover, Butzer’, in a lengthy analy- 
sis to be published in December, has 
independently arrived at a maximum 
age estimate almost identical to my 
own for the Taung hominid deposit. 
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Ascorbic acid and 
nitrosamine 


Sir—Edgar’ has proposed that ascorbic 
acid might inhibit the carcinogenic 
action of nitrosamines and other car- 
cinogens that may acteby alkylation. 
The rationale was that ascorbate might 
be alkylated? in vivo before the car- 
cinogens can react with cell macro- 
molecules. The experimental basis for 
Edgar’s thesis was that statement by 
Kamm ef al.’ that ascorbate inhibited 
the liver necrosis induc®éd by dimethyl- 
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nitrosamine (DMN). This. statement, 
however, was presented without ex- 
perimental details and was subsequently 
withdrawn’, 

The main concern of the study by 
Kamm et al. was the inhibition by 
ascorbate of the liver toxicity induced 
by oral administration of aminopyrine 
plus nitrite. This study followed our 
report in 1972 suggesting, on the 
basis of in vitro experiments, that ascor- 
bate might be used to block in ‘vivo 
formation of N-nitroso compounds 
from nitrosatable chemicals (for ex- 
ample, drugs), since ascorbate efficiently 
reduces nitrate’. Subsequently, the 
report of Kamm er al’ appeared. 
Greenblatt? found similar results in 
mice to those of Kamm et al., but 
Stated that ascorbate did not affect 
DMN toxicity. We found that ascorbate 
prevented liver damage from gavage of 
dimethylamine plus nitrate to rats and, 
from experiments presented in detail, 
that ascorbate did not significantly 
affect the production by DMN of liver 
necrosis and elevated serum trans- 
aminase levels’, Ascorbate did not 
affect transplacental carcinogenesis in 
rats by ethylnitrosourea, but inhibited 
carcinogenesis by ethylurea plus nit- 
rite’. 

We are concerned that our original 
suggestion should not be extended with- 
out basis to the hypothesis that ascor- 
bate might have a much wider inhibit- 
ory action on carcinogens. The inter- 
esting suggestion of Edgar is not sup- 
ported by the results reviewed here, 
which were mostly made public after 
Edgar’s paper was submitted. 

Yours faithfully, 


S. S. MIRVISH 
P. SHRUBIK 
Eppley Institute for Research in 
Cancer, 
University of Nebraska Medical Center, 
Omaha, Nebraska 68105 
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reviews 


Immunoglobulins 


The Antigens. Vol. 1. Edited by 
Michael Sela. Pp. x11i+573. (Academic: 
New York and London, January 1974.) 
$31; £14.90. 


THE appearance of a multivolume 
work about any topic is a sign that 
the subject has now become part of the 
body of accepted scientific knowledge. 
A period of rapid progress is coming 
to an end and there is a sufficient 
volume of fact and theory to form the 
basis of undergraduate courses as well 
as to be an essential part of the back- 
ground of all scientists working in 
related fields. In biochemistry, proteins 
were the first subject to receive this 
accolade some twenty years ago fol- 
lowed quickly by enzymes, nucleic acids 
and many others. The aim was to pre- 
sent research workers, teachers and ad- 
vanced students with a rather full 
account of the field and on the whole 
they have served a useful purpose, 
though of necessity they have been a 
year or two out of date by the time 
they reached the libraries. Now it is 
the turn of immunochemistry, or as 
some would have it, molecular immuno- 
logy. How does it match up? 

The first glance is disconcerting as 
volume 1 of The Antigens contains 
four chapters on antibodies, one gene- 
ral chapter on protein evolution and 
only two on antigens. Volume 2, of 
which the contents are listed, will have 
three chapters, each on antibodies and 
antigens. This is perhaps not important, 
as any potential reader will be well 
aware that it is hardly possible to write 
of antigens without extensive reference 
to antibodies and indeed much of the 
progress in knowledge of antibody 
structure, genetics and synthesis has 
come from study of their antigenic 
properties, but it would have been help- 
ful if the title had given a better guide 
to the contents, 

The antigens chosen for discussion 
in this volume are nucleic acids by Dr 
David Stoller and enzymes by Dr Ruth 
Arnon. The former are difficult to 
handle as injection of purified nucleic 
acids into an animal of different species 
rarely gives rise to a significant immune 
response and specific antibodies are 
found only when protein-nucleic acid 
complexes are used; that is the nucleic 
acids are behaving as large molecular 
weight haptenes. Nevertheless, in recent 
years satisfactory antisera have been 
obtained (and have been found to 


occur spontaneously in pathological 
conditions) and have been used effec- 
tively in investigations of the structure 
and function of nucleic acids in cell 
and subcellular fractions and a useful 
summary of the work is given here. 
Enzymes are much more easy to handle 
as antigens and Dr Arnon has led much 
of the work directed to using specific 
antisera to gain information about their 
structure and catalytic activity. This 
has proved a valuable adjunct to the 
very extensive studies of enzymes by 
protein chemists, X-ray crystallogra- 
phers, enzymologists and all the others 
and, over an increasing range, has com- 
plemented and confirmed knowledge of 
these key molecules. 

Immunoglobulins are the major sub- 
ject of this book, about a quarter of 
which is given to their structure, and 
rather less space given in turn to the 
immunoglobulin allotypes, phylogeny 
of immunoglobulin and the chemistry 
and biology of immunoglobulin E. Dr 
Gall has given a good account of the 
chemical structure which is now well 
understood, but it is unfortunate that 
the article was writen just too early 
to include the recent work of the X-ray 
crystallographers which is clarifying the 
nature of the combing site and other 
topics which he discusses. Allotypes 
have long had a fascination for some 
of us, particularly the a locus allotypes 
of the rabbit which remain the odd man 
out in most of the work on these allelic 
variants of the immunoglobulins. These 
investigations have contributed greatly 
to knowledge of their genetic origin and 
the conviction remains that when their 
behaviour is fully understood it will 
give a much clearer understanding of 
the source of the multiplicity of form 
of immunoglobulins. This chapter by 
Dr Rose Mage and colleagues has got 
all the facts and some of the speculation 
well presented. Dr Ishizaka has given 
perhaps the most personal account in 
his chapter on IgE, the minor im- 
munoglobulin class responsible for 
immediate type hypersensitivity and 
apparently of major importance in the 
immune defence of the host against a 
variety of parasites. Of obvious clinical 
importance, this is a field where the 
myeloma proteins, for a Jong time the 
only source of large amounts of homo- 
generous immunoglobulin, have been 
of exceptiénal importance. 

A general chapter on protgin evolu- 
tion by Dr Nogman Arnheim serves as 
an introduction to the phylogeny of 


immunoglobulins by Drs Kubo, Zim- 
merman and Grey. This is another way 
to try and understand the genetic origin > 


of the complexity of immunoglobulin. 


structure and, although the contribu- 
tions from this approach have not so 
far been of major importance, it is well 
worthwhile from this point of view as 
well as for its intrinsic interest in 
biology. The transition from inverte- 
brates to vertebrates seems to have been 
the most important point in the develop- 


ment of a specific immune response and = 


much of the work described centres on 


tebrates. No evidence has, however, 
been found so far for the original gene 
product of 11-12,000 molecular weight — 
from which the immunoglobulins of 
present vertebrates are believed to have 
been derived by gene duplication. | 

The chapters are reasonably bal- 
anced in content, but their arrange- 
ment seems arbitrary. Together with 
the second volume a fair coverage is 
given of the more biochemical aspects 
of immunology, though there are sur- 
prising omissions such as the absence 


of any discussion of immunoglobulin 


biosynthesis. Perhaps with the title of 
‘The Antigens’ this is not surprising, | 
but with more than half the space given — 
to immunoglobulins, biosynthesis would 
seem a stronger candidate for inclusion 
than, say, the individual classes of im- 
munoglobulin. The editor’s difficulties 
are apparent and it is perhaps question- 





able whether these multivolume works => 
are the most effective way of summa- = 
rising present information. The alterna-. 0 
tive of an advanced textbook giving a = 


briefer but more integrated survey and | 
supplemented, for the enthusiast, by 
the annual volumes of reviews on 
specialised topics has much to com- 
mend it. There is no doubt room for 
both and this volume and its successor 
should be a useful source of reference 


for some time to come. 
R. R, PORTER 


Betas and muons 


Beta Decay and Muon Capture. By 
Masato Morita. Pp. xi+361. (Benja- 


min: Reading, Massachusetts and Lon- sate 


don, March 1974.) $19.50. 


THIS is a curious book, though it will 
probably be very useful to a specialised 
audience. It has grown from a course 
of postgraduate lectures given at the 
University of Osaka. Judging by the 
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notation and the balance of the 
material, the course was written in the 
early sixties and has not changed its 
shape since then. The first five chapters, 
which occupy half of the main text, 
give an introduction to weak interac- 
tions. There is a great deal of historical 
detail on the Fermi and Gamow-Teller 
theories. Parity non-conservation is 
treated at length, as if it were a brand 
new phenomenon, before a long and 
circumstantial chapter on the V-A 
theory. The weak interactions of ele- 
mentary particles are given a reasonable 
amount of space, but with an alarming 
vagueness. This is certainly not the 
place to read about the Cabibbo 
theory, for instance, [ts results are men- 
tioned, but after a page and a half of 
introduction the author announces that 
“we do not have space to introduce the 
> SU3 computation”. Surely he could 
introduce Clebsch-Gordan coefficients, 
by analogy with SU2, to justify the 
precise numerical predictions of the 
theory which he tabulates. 

The second half of the main text 
is devoted to the chief business of the 
_ book, a review of beta decay and muon 
capture as tools for nuclear structure 
physics. The presentation is pedestrian, 
. but the details of individual experiments 
are given at unusual length. Although 
most of the reference lists stop in about 
1969, there is a chapter which deals 
with more recent developments, such 
as the investigation of second class 
currents in the transitions of mirror 
nuclei. 

Because of the detail in the later 
chapters, and because of the patiently 
long-winded explanations of many 
technical points, this book should be 
very useful to experimental students of 
nuclear physics. But they should come 
to it after a simple course on the weak 
interactions of elementary particles, 
based for instance on some of the 
excellent reports published by CERN, 
Geneva (Cabibbo and Veltman: CERN 
65-30: and J. S. Bell: CERN 72-4). 

D. J. MILLER 


Crust of the Earth 


Structural Geomorphology. By J. Tri- 
cart. Translated by S. H. Beaver and 
E. Pp. xiii+305. (Geo- 
graphies for Advanced Study.) (Long- 
man: London, April 1974.) £4.75. 


PROFESSOR TRICHART’S book, published 
in France in 1968, has been admirably 
translated by two geographers from the 
University of Keele. It is intended not 
only for students taking a first degree 
in geography but also for specialists 
in the “cognate disciplines” of geology, 
pedology, ecology and planning. The 


book is built round the premise, stated 
on the first page of the introduction, 
that the surface features of the litho- 
sphere have been moulded by the inter- 
action of internal and external forces 
at work in the Earth’s crust and the 
author recognises a close relationship 
between characteristic landforms and 
large-scale crustal structures. The first 
chapter deals with the distinctions 
between continents and oceans, the 
second with geosynclines and fold belts, 
the third with platform areas and the 
final chapter with faults and volcanoes. 
Stress is laid on the fact that landscapes 
evolve over long periods. 

This scheme of treatment, together 
with Professor Trichart’s excellent 
aphorism (page 22) that “nature herself 
is a unified whole” raises the hope that 
the book, by bringing geological and 
geographical thinking to bear on a 
subject involving both disciplines, may 
illuminate the whole field of geomor- 
phology. Where details are concerned, 
the book does indeed provide many 
clear and well illustrated examples of 
the relationship between structure and 
landform. 

Further reading, however, raises 
serious doubts about the geological 
treatment. The author’s views of crustal 
evolution have much in common with 
those of Soviet geologists who discount 
the possibility that large-scale horizon- 
tal displacements of continents have 
taken place during the past few hundred 
million years. This view is seldom ex- 
pressed today in English or American 
works and a reasoned exposition of it 
might have been welcome. But it is 
disconcerting to find no discussion of 
the evidence concerning seafloor spread- 
ing (the mid-Atlantic ridge is referred 
to only once, on page 36, as a structure 
“somewhat similar to an island arc”) 
and even more so to find on page 45 the 
statement that “despite the precision of 
the techniques, no measurements yet 
made have shown the slightest signs of 
change in the relative positions of 
Europe and North America, which 
should have occurred if the two con- 
tinents are drifting apart”. 

This statement, made without any 
qualification, is the more surprising in 
that classic palaeomagnetic studies by 
Runcorn, Tarling and others are cited 
in the bibliography. Errors of fact are 
not uncommon: for example, the Moho, 
though defined as the base of the crust 
on page 41, is referred to on the next 
page as a discontinuity within the 
crust: the schistes lustrés are described 
as a flysch facies. More important, per- 
haps, from & student’s point of view 
is the lack of a stratigraphical table or 
any other data from which he can 
discover the relative ages of the geo- 
logical systems mentioned, the absence 
of any account of landforms associated 
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with depositional processes, and the 
cursory treatment meted out to rift 
valleys. Since the geological aspect is 
fundamental to the author's approach, 
I feel that defects of this kind under- 
mine the whole structure of the book. 
J. WATSON 


Excited molecules 


Excited States. Vol. 1 Edited by 
Edward C. Lim. Pp. xii+ 347. (Acade- 
mic: New York and London, January 
1974.) $24.50; £11.75. 


INTEREST in the structure of electronic- 
ally excited species in the gas phase 
has been growing apace in the last 
two or three decades. A discussion 
of the Faraday Society in 1963, on 
just that subject, was an undoubted suc- 
cess. Somewhat earlier (1955) had come 
a text by Laidler on The Chemical 
Kinetics of Excited States, and Reid's 
book (1957), Excited States in Chemis- 
try and Biology, was a stimulating 
early work. 

The present volume, it might be 
argued, is not one but six. Certainly, 
its six chapters differ considerably in 
subject matter. The first, by G. Wilse 
Robinson, deals with  radiationless 
transitions, whereas the remaining five 
deal with topics that involve emission 
or absorption of radiation. Robinson’s 
chapter is much the most readable of 
the six. The second chapter, by 
M. A. El-Sayed, contains a comprehen- 
sive review of phosphorescence micro- 
wave double resonance spectroscopy 
(PMDR). It seems from this article 
that there will be a considerable in- 
crease in the number of abbreviations 
that infest the literature. 

The third chapter, by Robin M. 
Hochstrasser and Paras N. Prasad, 
deals with optical spectra and relaxa- 
tion in molecular solids. It outlines 
various aspects of the electronic 
spectra of solids (molecular crystals and 
mineral crystals) and contains detailed 
discussion on phonon interactions 
that have not previously been treated 
in detail. The fourth chapter, by Wolf- 
gang Liplay, is an excellent account 
of the determination of dipole mo- 
ments and polarisabilities of molecules 
in excited electronic states. The fifth 
chapter, by C. J. Selisker, O. S. Khalil 
and S. P. McGlynn, treats the lumin- 
escence of polar aromatic molecules; 
and the sixth, by A. J. Duben, L. 
Goodman and M. Koyanagi, deals with 
interstate interactions in aromatic 
aldehydes and ketones. 

The book is very well produced. I 
found perhaps half-a-dozen  printer’s 
errors, none of them of great import. 
Further volumes are planned. 

A. D. WALSH 
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Fact and language 


Linguistics and Injermation Science. 
By Karen Sparck Jones and Martin 
Kay. Pp. xi +244, (Library and Infor- 
mation Science Series.) (Academic: 
New York and London, January 1974.) 
$14.50; £6.80. 


THis book is a state-of-the-art survey 
on the use of linguistic theories and 
techniques in information retrieval. 
The emphasis ts on automated meth- 
ods; that is, on liguistic theories that 
have been (or could be) used to de- 
velop computational methods of 
analysing language, and on their use 
in automated information retrieval sys- 
tems. The survey concentrates on the 
literature of 1965-1970. 

The authors first take a bird's-eye 
view of activity in the separate fields 
of information retrieval and linguistics, 
and then consider the particular as- 
pects of information retrieval which 
have an apparent linguistic content. 
The meat of the book comes in two 
chapters on syntax and semantics res- 
pectively, where a detailed analysis 
of the present state of linguistic theory 
is followed by a discussion of how 
this theory has been, or might be, 
applied to information retrieval. There 
is a further section on fact retrieval. 

The authors lean fairly heavily on 
an analysis of the retrieval process 
which identifies three stages: informal 
interpretation of the document, formal 
representation of this interpretation, 
and manipulation of the representa- 
tion in searching. One can imagine 
other views of the process (indeed, 
they mention another)—-not necessarily 
better ones, but ones which emphasise 
other aspects. In some instances the 
authors are restricted by their particu- 
lar approach. For example, they point 
out quite rightly that most comparative 
experiments that have been carried out 
with index descriptions using syntax 
seem to show that this syntax is not 
particularly useful in retrieval. But 
they do not consider one possibility: 
that the fact that the indexer (man 
or machine) has to formulate the des- 
cription in a syntactically coherent 
form may influence his choice of terms, 
and hence may affect retrieval per- 
formance even if the terms are 
searched in a postcoordinate manner, 
ignoring syntax. 

But this argument serves to re- 
inforce one of the main conclusions 
of the book: that there is a lack of 
suitable theories of information re- 
trieval which would indicate where 
linguistic theories might be of use. 
Overall, the conclusions are somewhat 
negative: both fields have to develop 
further before the one is likely to be 
a major contributor to the other. In- 
deed, there is some doubt that this 
will ever happen; but the authors argue 


persuasively that there are still plenty 
of possibilities. 

The book performs its function as 
a survey very well, with a surprisingly 
good international coverage. It is co- 
herent and well thought out, and also 
well written. The production is de- 
cidedly cheap-looking (yellow paper, a 
number of misprints, badly aligned 
type and uneven type density). But in 
content the book is a valuable con- 
tribution to the literature, which should 
help to bring order to a somewhat 
fragmented field. S. E. ROBERTSON 


Why plans go awry 


Planning and Budgeting in Poor Coun- 
tries. By Naiomi Caiden and Aaron 
Wildavsky. Pp. xvi+371. (Compara- 
tive Studies in Behavioural Science.) 
(Wiley: New York and London, 
March 1974.) £8.40. 


A MAIN theme of this book had been 
anticipated by Bert Brecht in the 
Threepenny Opera. Freely translated, 
the song goes something like this: 

Well, go and make a plan! 

Seek where matrices lurk 

Then go and make a second plan, 

Neither of them will work. 

Or, in the words of the Nepalese 
planner, summarising the experience 
of his country: “Try one form of or- 
ganization: no result. Try something 
else; no result. The result is always 
the same” (Page 216). 

The two authors of this book are 
political scientists who have covered 
more than 80 poor countries with 
questionnaires and interviews in order 
to examine government planning and 
budgeting and to recommend reforms. 
Their work reflects the disenchantment 
with planning. 

Some of the criticisms of plans as 
ambitious, abstract, irrelevant and un- 
realistic miss the point. The purpose 
of formal models is to trace the in- 
direct effects of alternative policies. 
Things often turn out differently in the 
second and third round from the in- 
tentions of the first. First-round social- 
ism may turn into third-round mono- 
poly capitalism. Particularly but not 
only in poor countries good causes tend 
to be turned into rackets. The reason 
why planning has failed, where it has 
failed, is not that it uses abstract 
models and traces interdependence be- 
tween variables, but that it has some- 
times been pseudo-planning, confined to 
a ceremonial ‘superstructure, without 
being geared to where the action is. 

The authors argue for the central 
Importance of the annual budget. 
Though it is obviously true that no 
plan can be implemented unfess it is 
integrated into, the annual budget, 
there is a danger of mistaking a nec- 










































essary, though minor, condition: 
the strategic one. Budgets are, at bi 
annual public expenditure plans. 
focus on fiscal magnitudes, thot 
essential for proper public accounti 
obscures and evades the real activ 
Links between fiscal (or even finar 
expenditures and results are. tent 
especially in underdeveloped countri 
There are no fixed coefficients between 
money expenditure and. land: ef. rm, 
population policy, incomes policy, edu- 
cation, public health, nutrition. Foreign 
exchange budgeting, manpower. bud- — 
geting, raw material budgeting are just — 
as important as fiscal budgeting and 
even they do not exhaust the range 
of necessary policies. Proper pu 
accounting is necessary to en 
negatively, that public money | 
spent extravagantly or corruptly, 
cannot ensure, positively, th: 
spent according to social priori 
that the necessary complement ry 





tions are taken, Budgeting 
planning what bookkeepi ie 
business management: withot 


management is impossible; but wi 
best book-keeper in the world, 
can go bankrupt. These points a 
enough stressed by the authors 
see the plan essentially as a man i~ 
public capital budget. i 
Much is made of the need for 
dundancy. In a piece of exquisit 
gon; the authors write: “Bro 
speaking, we can regard social pi 
as a lack of functionat redun al 
(Page 49). But there is a vast « 
between reserves (which serve 
pose) and redundancies. A mo 
lytical and quantitative approact 
have made the distinction clea 
now well known that in poor socie 
not only unskilled labour, but 
capital and technically trained pr 
sional manpower are Seger s] 
alas, they are not reserves. 
The authors make a large num 
of entirely fair and commonsensical 
criticisms of planning. “If we were 
asked to design a mechanism for de- 
cisions to maximise every known disa- 
bility and minimise any possible ad- _ 
vantage of poor countries, we could = 
hardly do better than comprehensive, 
multi-sectoral planning” (Page. Es 
The need for unavailable information, ees 
for political stability, for consistent = 
aims are cited as unattainable condi- 
tions. But perhaps the most serious 
criticism of planning is omitted, viz. = 
that its very success, measured by ` 
coherence and consistency, becomes an 
obstacle to adaptation and innovation 
Plans introduce an additional rigidi 
into societies already inflexible. Pla 
for this reason, in spite of. t 
clared intentions, are elements stre 
thening conservatism. l 
The conclusion is not, howeve1 
liance on laissez-faire and the free play 
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of market forces. The authors rightly 
point to the need for a combination 
of contingency planning, continuous 
budgeting and rolling planning, so that 
there can be adequate and speedy 
responses and adaptations to unfore- 
seen events, both favourable and un- 
favourable. : 

The authors treat planners and 
planning as part of the social and 
political environment which they are 
supposed to plan. Planning the planners 
is not an invitation to an infinite 
regress but a reminder that there must 
be continuous mutual adaptation be- 
tween plan objectives and social con- 
straints. PAUL STREETEN 


Steroid receptors 


Steroid-Cell Interactions. By R. J. B. 
King and W. I P. Mainwaring. Pp. 
440. (Butterworth: London, February 
1974.) £10. 


JENSEN and Jacobsen showed in 1962 
that tissues such as the uterus and 
vagina, which are responsive to oestro- 
gens, will retain administered oestra- 
diol to a greater extent than non- 
responsive tissues and that this re- 
tention was due to the presence in the 
responsive tissues of specific receptor 
proteins. Since then the receptor 
hypothesis has been extended to many 
other hormones and the interaction 
between hormone and receptor is con- 
sidered to be one of the links in the 
chain of events by which the hormone 
exerts its biological action. This con- 
cept has thus become of interest to 
molecular biologists as well as endo- 
crinologists. The increased interest in 
this topic over the past five to six years 
has led to its discussion in numerous 
reviews and symposia; so what are the 
advantages of reading this monograph 
over consulting the reviews? Un- 
doubtedly in the chapters reviewing the 
interaction of the various steroid hor- 
mones with the cell receptors there 
is more detail than found in most of 
the reviews. By far the main advantage, 
however, is the account of both the 
theoretical and practical background 
to the topic contained in the first two 
chapters on “Physicochemical Consid- 
erations of Steroid-Receptor Inter- 
actions” and “Methods Used to Study 
Steroid—Tissue Receptor Interactions” 
and the chapter giving a readable 
account of the molecular biological 
aspects of steroid~receptor interaction. 

The title is slightly misleading since 
the monograph is mainly concerned 
with interactions involving receptors. 
Both androgens and oestrogens affect 
tissues or metabolic processes in which 
receptors have not yet been shown to 
be involved and this might suggest 
that there are other kinds of steroid- 
cell interactions. Many examples are 


quoted by the authors. Androgens are 
anabolic but androgen receptors in 
skeletal muscle are difficult to identify 
nor has 4Sz-reductase activity been 
demonstrated in the muscle of many 
species. Androgens stimulate both 
RNA and protein synthesis in liver 
but androgen receptors have not been 
identified in this tissue although it 
seems to contain oestrogen receptors. 
Normal breast tissue, which is Mm- 
fluenced by oestrogens, accumulates 
oestradiol but does not seem to con- 
tain oestrogen receptors whereas breast 
tumours do. Little attention is paid 
to the interaction between the bor- 
mones in the tissues (uterus for ex- 
ample seems to contain an androgen 
receptor in addition to oestrogen and 
progesterone receptors), nor is the 
effect of other modifying influences 
on the hormones considered. This might 
be particularly important regarding 
events in the pituitary and brain. Con- 
version of testosterone to dihydro- 
testosterone seems not to be necessary 
for all biological activities of testoster- 
one. Indeed some biological effects of 
testosterone seem to be produced by 
its conversion to oestrogen whereas 
dihydrotestosterone is not aromatised 
in this way. Until more knowledge is 
available it might be better to draw a 
distinction between androgen-sensitive 
tissues and androgen-dependent ones. 

The authors point out the remark- 
able similarity of the different receptor 
proteins from different tissues. These 
similarities are deduced from current 
physiochemical data and it will be 
of interest to see whether they are 
upheld on further examination. Evi- 
dence that hormone binding correlates 
with hormone activity is reviewed. In 
respect of oestrogens and progesterone 
the evidence is quite good even though 
knowledge is limited. For androgens 
the situation is complicated by the 
extensive metabolism undergone by 
testosterone in the target organs and 
the possibility that the various meta- 
bolites may have different biological 
activities. 

The monograph is well arranged and 
the newcomer to the field will have no 
difficulty in finding what he wants. In 
an attempt to bridge the gap between 
the writing of the book and its pubh- 
cation a summary of current literature 
is included. Whereas some of the 
chapters contain general summaries 
which are useful, others do not. I feel 
that the brief chapter on clinical and 
immunological aspects of steroid bind- 
ing is superfluous to the main theme 
of the book It will be a handy refer- 
ence book to all investigators in this 
field and because of the amount of 
time it will save, it shoufd be greatly 
appreciaged by research students start- 
ing work in the area. 

K. FOTHERBY 
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Spoonful of saccharin 


Sensory Processes: The New Psycho- 
physics. By Lawrence E. Marks. Pp. 
x+334. (Academic: New York and 
London, February 1974.) $17.50; £8.25. 


People who use saccharin to sweeten 
their tea may have noticed a surprising 
thing: halving the concentration of 
sugar in a solution reduces its sweetness 
far more than halving an equally sweet 
(although much weaker) concentration 
of saccharin. This is one of many 
examples that demonstrate differing 
relationships between sensory magnitude 
and physical stimulus. How does one 
measure sweetness, brightness, pitch, 
odour? It has been shown, particularly 
in the pioneering work of the late S. S. 
Stevens, that asking subjects to assign 
numbers to sensation strength leads to 
a power function with an exponent 
dependent upon the stimulus and 
sensation considered. Lawrence Marks 
draws a clear distinction between this, 
the “new” psychophysics, and sensory 
physics, the “old? psychophysics, in 
which the observer is simply a detector 
of threshold, masked threshold, or null 
point, with measured quantities all in 
the physical domain. He describes and 


attempts to interrelate the various 
psychophysical procedures such as 
fractionation, category rating, and 


magnitude estimation and discusses the 
influences of extraneous factors. The 
senses are each considered under the 
headings of sensitivity, temporal and 
spatial factors, and qualitative aspects. 
Although one detects a certain antipathy 
towards the “old” psychophysics it is a 
carefully reasoned and comprehensive 
account and shows great concern for 
validation of the approach. Unfortun- 
ately his rather detached attitude 
coupled with the large number of 
references makes difficult reading in 
parts and a certain amount of repetition 
is inherent in the organisation he has 
adopted. 

Although the new psychophysics 
gives insights into sensory processes not 
obtainable in any other way the field 
has a certain contrived air to it. We do 
not generally use our senses, or num- 
bers, in this way. We normally use our 
sensory systems to perceive objects and 
relationships in the outside world. The 
idea that perceptions are built up from 
elementary sensations has been super- 
seded by the concept of perception as 
an active, generative, process. We 
frequently see more than our sense 
organs convey because of past experi- 
ence and expectations which can be 
triggered by a few salient features of 
sensory data. In this wider, more com- 


“plex field of perception, detection could 


be of greater importance than sensory 
magnitude. 
J. P. WILSON 
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Bouncing molecules 

Chemical Applications of Melecular 
Beam Scattering. By M. A. Fluendy 
and K. P. Lawley. Pp. xi+400. 
(Studies in Chemical Physics.) (Chap- 
man and Hall: London; distributed in 
the USA by Halsted Press, 1973.) £8. 


THIS book is to be welcomed as the 
first non-specialist account of a chal- 
lenging new field of chemical physics: 
the direct investigation of binary 
collision processes by the molecular 
beam technique. The authors discuss 
the design, performance and inter- 
pretation of the experiments, and also 
give an outline discussion of the back- 
ground theory. The coverage reflects 
the present development of the field 
with major emphasis on elastic scatter- 
ing and reactive processes. 

The strongest chapters are those 
which deal with the technical design 
of the apparatus and with the analysis 
of elastic scattering experiments. Of 
these the sections of molecular beam 
sources, energy and state selection and 
detection and measurement will be of 
interest to a wide range of experi- 
mentalists. Readers with a more 
theoretical bias will be attracted by 
the clear account of quantal interfer- 
ence phenomena, seen not as abstract 
effects, but as sources of additional 
information in establishing the relation 
between the elastic scattering Cross- 
sections and the intermolecular force 
field. The discussion of reactive scat- 
tering is equally complete in relation 
to present understanding, but the 
intrusion of mathematical detail makes 
it less easy to follow a clearly defined 
line of argument. Nevertheless there 
are few such comprehensive introduc- 
tions in the literature. I only wish that 
the bibhography, which covers the 
important experimental work published 
before May 1972, could have been 
extended to include more recent 
studies on non-alkali atom systems, 
and that the tables could have con- 
tained a fuller resumé of available 
experimental information. 

The level is that of the graduate 
student, since few undergraduates will 
have the necessary mathematical back- 
ground. As such the book will be a 
welcome addition to the shelves of 
every serious chemical physics library. 

M. S. CHILD 


A cool look at doom 


Man’s Responsibility for Nature: Eco- 
logical Problems and Western Trad- 
itions. By John Passmore. Pp. x+213. 
(Duckworth: London, April 
£5.95 cloth; £1.95 paper. 

THE so-called ‘environmental crisis’ has 
been treated by scientists, economists 
and theologians, at levels ranging from 
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clinical objectivity to crude polemics; 
and it has been exploited by journalists 
and television producers. It is now the 
turn of philosophers; Professor Pass- 
more’s book is doubtless the first of 
a shelf-load of philosophical reflections 
on doom. It sets a very high standard 
in erudition, accuracy and clarity. The 
book opens with a masterly summary 
of the history of man’s attitude to 
nature. Passmore is slightly apologetic 
about including this; he assures any 
anti-historical readers that they can, if 
they wish, skip it and go straight on 
to the second part of the book, dealing 
with ecological problems. In fact the 
historical essay is the best part of the 
book, and the only part with anything 
new to say. It describes vividly the 
Judaeo-Christian attitude to man, 
which divides him from other living 
things and makes him unique by in- 
vesting him with a soul. This anthropo- 
centric tradition has been blamed for 
man’s exploitation of nature and it has 
prompted some writers to suggest that 
Western societies will not show proper 
concern for the environment unless 
they adopt a new ethic or a new 
religion, perhaps borrowed from the 
East. 

Passmore argues powerfully and per- 
suasively against this attitude, and 
especially against the implication that 
a scientific and rational attitude to 
nature cannot be reconciled with con- 
cern for the environment. The business 
of science, he says, is to turn mysteries 
into problems: only then can one set 
about trying to solve them. It was 
Descartes and Bacon, not the author 
of Genesis, who propagated the view 
that man can do as he pleases to 
nature with impunity. But there is no 
guidance to be found in the views of 
some contemporary theologians either; 
Passmore rejects Bishop Montefiore’s 
idea of stewardship and Teilhard de 
Chardin’s idea of cooperation with 
nature. He has no use for the arcadian 
musings of Blueprint for Survival. He 
realises that intellectuals like himself 
would be the first people to suffer if 
society were to discard some of the 
conveniences of modern technological 
society, such as air travel and motor 
cars. 

From his historical summary Pass- 
more turns to the contemporary eco- 
logical problems, which he distinguishes 
from “problems in ecology”: the latter 
are scientific; the former are social. He 
covers familiar ground, reminding his 
readers (though it is superfluous for 
anyone likely to read thiw book) that 
ecological problems have three com- 
ponents: scientific, economic and ethi- 
cal; and he brings the reader to the 
familiar conclusion: that theesolution 
to ecological preblems must be politi- 
cally feasible. It is at this point that 








































the reflections of a philosopher 1 
be expected to illuminate the 
Unfortunately (but not  surprisi 
Passmore’s lucid analysis, like that 
so many other writers, comes to a st 
We know that some ecological } 
lems (such as pollution) can be ṣi 
within the framework of Western d 
cratic institutions. We suspect 
others (such as the dedication 
increasing material consumpti a] 
not. Before political decisions € 
made an ethical question has to be 
answered: What duty, if any, do we — 
have to posterity? If we cannot make 
sacrifices to ameliorate the human con- 
dition in the third world, which we have 
seen, is it likely that we shall make 
sacrifices to ameliorate the human 
dition of our great-grandchildren, wh 
most of us will never see? oo. 

Passmore seems to have a va 
tentative belief that this ethical: 
is soluble by rational thoi 
framework of Western democratic 
stitutions; perhaps. by” acting. with i ‘ 
cern for our offspring and e 
that they will act with equal. 
for their offspring. It is a very 
conclusion to a very soph 
essay. But Passmore is right ~ 
modest. Heroics and utopias- 
opiate of environmentalists. 4 
hope to proceed’ only throug! i 
William Blake called f 
culars”. 





Defects in oxides 


Oxide Semiconductors. By Z. 
zebski. Translated from the P 
B. Grzybowska-Swierkosz. Trans 
edited by Brian Randall Pam 
Pp. xi+285. (Pergamon: Oxford 
New York; Wydawnictwa Naukę 
Techniczne; Warsaw, January 1974.) 


THIS is a translation of a treatise by 
member of the Warsaw Research Cen- 
tre for crystals and its title is- mi 
leadingly broad. It is writen by an oxide. 
physicist for oxide physicists and con- 
centrates on the transport of- carriers 
in these materials as influenced by __ : 
defects. It certainly does not attempt 
to teach, although an early chapter, on” 
preparation techniques for oxides, pro- = 
vides a useful survey of one aspect: of. co 
oxide technology. The main interest = _ 
of the author is the effect on the con- o 
ductivity of oxides produced by heating = 
them at various pressures of oxygen; 9 

the last half of the book is a survey of- 
such effects in about ten metal oxides 
The data on carrier transpo 
exhaustively reviewed but the f 
mechanisms involved in this 
are referred to in a rather p 
marmer and certainly not treated a 
depth. : : 
The physics of the structure of de 
fects in the oxides is avoided in a 
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manner which might almost be called 
studied, as if the author held that it 
was quite enough to note the entrance 
and exit of an electron or hole from 
the oxide without worrying very much 
about what happened to it while in this 
medium, except to note an activation 
energy for the process. This catends 
even to the chapters on zinc oxide, 
aluminium oxide and silicon dioxide, 
for which, in fact, a rich literature on 
defect structure exists. Other subjecis 
which one would expect to be treated 
in a book of this title are carrier 
trapping (no mention at all); band 
and hopping conduction models (glanc- 
ing references only); the role of the d 
orbitals in defect and band structure 
in the transition metals (orbitals men- 
tioned only occasionally in passing); 
and the applications of oxide semi- 
conductors (not even a bibliographical 
reference given). A subject which is 
treated well in the explanatory chapters 
is the law of mass action applied to 
interactions between oxide and oxygen 
at high temperatures, in which defects 
are treated as an active participant in 
the chemical reaction. 

There seems somehow to be a gulf 
between the kind of defect science 
described here and the world of ‘frozen- 
in’ defects typical of radiation damage 
and mechanical deformation; the latter 
science uses a wide range of spectro- 
scopic and scattering measurements to 
build structural and wave-mechanical 
pictures of defects, while the former 
relies largely on measurements of the 
transport of electrons or atoms in the 
solid. This book, while it can be read 
without difficulty, perhaps even with 
profit, by one of the ‘frozen-in’ com- 
munity, does not bridge that gulf. 
Moreover, those who wish to use this 
book as a quick summary of the field 
should note that the references do not, 
except for a few cases, extend past 
1970. 

A. G. HOoLMES-SIEDLE 


The chemical industry 


The Chemical Economy: A Guide to 
the Technology and Economics of the 
Chemical Industry. By B. G. Reuben 
and M. L. Burstall. Pp. xix +530. (Long- 
man: London, February 1974.) £6.95. 


Tuar chemistry courses must become 
more relevant has been the anguished 
cry of students and a source of frustra- 
tion for many teachers of that subject 
for the past decade. Drs Burstall and 
Reuben have demonstrated what sort 
of effort is required if a beginning is to 
be made. They have written a long 
book crammed full of information 
directly related to their title. The book 
is well organised and the data in it are 
clearly presented so that prospective 


readers are guided step by step through 
the complexities of chemical technology 
Without undue fatigue. The primary 
objective of the book is to answer the 
question “How do we put chemistry to 
work for us?”. As a second objective 
they intend to do something, in the 
congele, to improve ihe spirit: of unl- 
versity-industry cooperation. By pro- 
viding such a lively and contemporary 
account of the ways in which chemical 
technology is used by the industry, the 
authors have achieved both of them. 
The book is aimed at an audience of 
first year university students having an 
A-level qualification in chemistry but 
no previous training in economics °s 
presupposed. 

This work is not an introductory 
course in chemistry juxtoposed with an 
elementary introduction to economics. 
Quite the contrary. The greater part of 
the book discusses a wide range of 
chemical reactions and processes but 
sight is never lost of the socioeconomic 
setting in which they function. By 
describing petroleum, natural gas, heavy 
organic chemicals, polymers, soaps and 
detergents, dyes and pigments, pharma- 
ceuticals and heavy chemicals in rela- 
tion to the firms, predominantly those 
in the United Kingdom, which utilise 
them, one is lead, albeit in a piecemeal 
manner, to build up a picture of the 
chemical industry. A further section 
attempts to set the UK chemical indus- 
try into the world-wide complex of 
chemical industries. A disappointing 
feature of the presentation—though :t 
would be difficult to remedy—concerns 
the historical description of the factors 
that have led up to the application of 
a particular process. These descriptions 
tend to be rather too brief and, con- 
sequently, may give ihe impression that 
chemical technology develops largely 
from discoveries in chemistry which 
appear, somewhat fortuitously, a little 
while before they are actually needed. 
None the less for students, who pre- 
sumably know very little about this 
sector of industrial activity, it is per- 
haps a reasonable compromise to ensure 
that at least a little history is included 
with the technical and economic factors 
in the description of the industry. 

The book also explores, in a descrip- 
tive manner, the economics of the firm. 
The aspects of microeconomics which 
are discussed include the decision of 
management to invest money in a new 
process and a very interesting section 
entitled “How do you know you are 
making money?”. In a® further chapter 
the authors, discuss some of the prob- 
lems of scaling up a laboratory experi- 
ment to industrial production. This 
leads to a discussion of thé problems of 
disposing of the wastes from these pro- 
cesses and thence to some of the prob- 
lems associated with pollution by in- 
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dustrial effluents. 

The authors have produced a book 
which is doubly useful. It will certainly 
be useful for students of the growing 
number of broad-based science courses 
who are demanding that their curricula 
be relevant both to the society they live 
mand the sorts of jobs they may expect. 
For them it will provide more than a 
set of introductory materials because 
the authors have so organised the book 
that by following up the many refer- 
ences and footnotes, the student will be 
able to approach more closely the core 
of many contemporary technical and 
social problems. Also for the academic 
who is being asked to prepare more 
socially relevant course material this 
book should provide a useful guideline. 

MICHAEL GIBBONS 


Computer techniques 


Operating Systems. By D. C. Tsich- 
ritzis and Philip A. Bernstein. Pp. 
xvili¢+ 298. (Computer Science and 
Applied Mathematics: a Series of 
Monographs and Textbooks.) (Aca- 
demic: New York and ondon, March 
1974.) $13.50; £6.36. 


OPERATING systems research seems to 
have become a popular line with com- 
puter scientists, perhaps from a de- 
sire to put their own house in order 
before dealing with more general 
techniques. Most books about it fall 
into a middle range, assuming basic 
knowledge and providing abstracts of 
the more subtle techniques described 
in journals. 

The authors of this book are clearly 
competent in their subject, so it is 
unfortunate that the book is not more 
readable. The volume is best described 
as loosely written, and the authors 
themselves felt compelled to apologise 
(page 121) for the incoherence of the 
first five chapters. In particular, the 
frequent cross references embedded in 
the text are particularly difficult to 
follow. Footnotes would have been 
much easier to scan, and would have 
helped maintain a continuity within the 
main text. The entire work carries an 
air of editorial neglect, and falls into 
the trap of collaborative work, 
repetition. Although the book starts at 
a low level, it would be very difficult 
for a student to follow. 

Apart from the problems at the 
end of each chapter, and the admirable 
bibliography, the most worthwhile 
chapters cover design and implementa- 
tion principles, dealing with problems 
of project management plus a collec- 
tion of the authors’ solutions. The 
book could be worth buying for these 
chapters alone; in fact the width of 


escope leaves me wondering why they 


did not publish three well organised 

volumes, instead of trying to cram 

the entire subject into 300 pages. 
JEFFREY GRIBBIN 
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“It’s like this. . .”’ 


An exhibition of 500 years of pictures 
for science at Nottingham Castle, until 
September 15th. 


Not so much an exhibition of pictures 
‘for science’ as an exhibition of 
illustrations designed to make apparent 
that which is not immediately so, and 
with a rather heavy emphasis on 
anatomy and mechanics at the expense 
of ‘pure’ science notions. The devices 
which illustrators have employed in 
order to reveal the unseen realities of 
man’s world, range from the simple 
stripping of skin from muscle and 
skeleton, to the cross-sectional repre- 
sentation beloved of Victorian steam 
engineers, on to the scanning electron 
“microscope, whose shaded and textured 
images have so captured the lay reader’s 
curiosity as to merit page spreads in the 
Sunday supplements on purely aesthetic 
grounds. Alas, no 200,000 times magni- 
fied study of the human sweat gland in 
sight here, but the bristle of a cater- 
pillar does service to amaze the casual 
visitor. 

The aim of the exhibition is not so 
much to illustrate the history of science 
as to make familiar some of the more 
visually striking works done for it. 
According to the organisers the visual 
interest of the pictures is firstly in the 
information which they were made to 
convey, but in the best of them this is 
raised to a ‘celebration of understand- 
ing’—-a rather attenuated concept to 
keep in mind when browsing over 
Robinson’s engine working gear or 
Davis's Fire Escape Machine, regardless 
of the sturdy commonsense that these 
undertakings embodied. The impression 
one gathers from the narrative explain- 
ing the Fire Escape Machine is rather 
one of a mind awakening from slumber, 
and peering unsteadily at the ordering 
of things, than of a bona fide celebra- 
tion of understanding. 

“On the alarm of fire,” John Davis 
remarked, circa 1810, “I would have the 
machine brought out directly, as I con- 
sider it an improvident method when a 
house has been on fire some time to 
have to search about for the keys of 
the church yard or some other obscure 
place, to bring the fire ladders...” 

The celebratory aspect of the science 
illustrator’s work is most plainly evident 
in the anatomical woodcuts and engrav- 
ings of the centuries preceding the 
invention of photography. From the 
mediaeval autopsy studies of Mondino 
de’ Luzzi, who dissected corpses in 
cases of suspected foul play, to Joseph 
Maclise’s plates from the Victorian 
Surgical Anatomy, there ts a distinc} 
sense that apart from providing maps 
and tools for surgeons, the artists were 
revelling in the insights which their 
probing of cadavers had revealed. The 


unravelled arrangement by Govaert 
Bidloo and Gerard de Lairesse of the 
ligaments whose contractions control 
the movement of the human hand, for 
example, is presented with an objectivity 
which might equally have been applied 
to a study of a marionette’s limb. And 
thereby the point is made: that the 
workings of human machinery are an 
much a function of mechanical and 
chemical laws as that of everything else 
in the universe—not an entirely un- 
controversial proposition half way 
through the seventeenth century. 

Apart from the insights which raise 
many of these studies to the level of 
fine art, one is aware of a scrupulous 
technical achievement in their execution 
and their conventions. The study on this 
week's cover, by Albinus and Wande- 
laer, is one of six plates derived from 
the Tabulae Skeleti et Musculorum 
Corpis Humani of 1747, a brilliantly 
engraved series, employing devastatingly 
complex perspective techniques devised 
by a professor of physics to ensure 
accuracy and uniformity. Albinus’ own 
account of the process offers an under- 
standing of the niceties involved: 

“Not a single figure” wrote Albinus, 
“has been drawn free hand. All have 
been measured and brought down to 
scale, either from an indeterminate 
distance, as the architects do, a method 
which has been followed in most cases, 
or from a distance of 40 feet through 
diopters which correct to an indeter- 
minate distance in such cases as, for 
instance, the pictures of skeletons, upon 
which finally, as upon a ground plan, 
the muscles have been drawn in. The 
tiny bones of the ear the artist measured 
with a very small and perfect compass.” 
A system of nets in front of the subject 
allowed the artist to relate details to the 
whole in scale when he approached 
from his 40 feet vantage point to draw 
details. Most important of all, he drew 
nothing “he had not first thoroughly 
understood”. 

The portion dealing with modern 
science pictures, called ‘Images of the 
Invisible’, loses a little through fami- 
liarity: everybody knows from Arthur 
Mee’s encyclopoedia what the drop of 
milk looks like when splashing into a 
saucer, and the bullet when hitting the 
shutter trip-wire. And to a lesser extent 
the zebra striped schlieren photographs 
of pressure waves caused by a body 
moving in a density stratified fluid, and 
field ion micrographs have lost their 
power to surprise anybody but the most 
unobservant man on the Clapham 
omnibus. The best loved exhibits in the 
show are camera obscuras evhich afford 
views of the city, a reflex camera 
obscura, which affords one the oppor- 
tunity of drawing one’s travelling com- 
panion, and a machine which affords 
sound the change to be seen by using 
its varying frequencies to agitate the 


brought 







































surface of a pool of oil. All inva 
worthwhile undertaking which suce 
on its own modest terms. 

Jons E 


Verdict on DDT 


DDT has been accused of killing bir 
and fish, causing cancer, “poisoning — 
babies at the breast and disrupting the - 
ecosystem of the oceans. Tuesday's 
Documentary, “The Rise and Fall of 
DDT,” found the insecticide guilty. on 
the first charge but innocent. of all- 
others except the last where a. verdict 
of ‘not proven’ was reached. In- mitiga, i 
tion it was shown beyond all. reason- 





lives of millions of. people throug 
the world who would. otherwise 
died from malaria, typhus an 
insect-borne diseases. With. cor 
able objectively the. programm 
recommend a sentence. 

The case. of dichlo ‘odiphen 
roethane (DDT) is certainly a 
one and the producers of the da 
tary exploited this. to. their a 
Although it is now a symbol 
things wrong with intensive 
DDT was shown to- beg 
revolutionary breakthrough 
control. 

Old newsreel film. skillfully 
ted DDT’s first really big suce 
Second World War. Shortly. 
liberation of Naples, it was use 
to forestall an epidemic of typhu 
first time that this had been done 
large scale. DDT was also shos 
have played a vital part in the 
paign against the Japanese. Bu 
recipe for DDT is very simple an 
after the war it was being produc 
bulk by various companies. Thi 
to indiscriminate use; indeed D 
came so popular that it was made in 
an American cocktail—a ‘Micky | 

The documentary traced the begin 
nings of DDT’s downfall to 1949 and | 
the use of a similar compound, DDD, __ 
against mosquitos in Clear Lake, Cali- ues 
fornia. By 1954 the population of a 
rare grebe on the lake had dropped 
alarmingly and DDD was blamed 
Studies on DDT in other environments 
followed and lawsuits naming the 
chemical began to be won. The change 
in public opinion was so great that 
even when President Nixon’s environ- me 
mental Protection Agency exonerated = 
DDT, its findings were overruled and _ 
the insecticide banned from the United — 
States. | 
Following this largely histori 
duction, Tuesday’s Docu 
forward a tong 
scientific witnesses to testify 
damage, or otherwise, that 
flicts on the environment. ‘Thr 
this argument, the programme suc 
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fully maintained its impartial attitude, 
described by one of its producers as 
“beleagured neutrality”. 

It is just as well it did for a good 
deal of the evidence is contradictory. 
DDT was said to circulate in the air 
and soil, ultimately contaminating the 
sea but Dr George Harvey of Woods 
Hole Oceanographic Institute, Massa- 
chusetts, described his failure to find 
it there. When DDT was seen to dis- 
tend the livers of mice it was said to 
lower their tolerance to some chemi- 
cals like carbon tetracholride but 
actually increase their resistance to 
others such as aflatoxin. Almost all the 
evidence in the programme pointed to 
the sublethal effect of DDT but there 
was little opposition to the charges that 


it was responsible for deaths due to 
eggshell thinness in birds and increased 
mortality in fish eggs. 

Out of 23 factories which once pro- 
duced DDT in the United States only 
one, Montrose Chemicals, survives. Its 
workers are continuously exposed to 
a high level of DDT and if there is any 
truth in the charge that DDT is carcino- 
genic then it should be found here. 
But the programme showed that these 
workers actually have a lower incidence 
of cancer than normal. On the dan- 
gers to human beings perhaps the most 
pertinent comment came from Pro- 
fessor James Busbine of the London 
School of Hygeine and Tropical Medi- 
cine who felt that DDT has never been 
proved to cause the death of a single 
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person but has undoubtedly saved up 
to ten million lives. 

Just before the end of the film the in- 
creasing resistance of many insects to 
DDT was briefly mentioned. Nature 
itself seems to be passing the final 
judgment on DDT as more and more 
pests become immune to its effects. 
As the future of many underdeveloped 
countries depends on effective pest con- 
trol and the use of DDT and other 
insecticides is becoming increasingly 
unsatisfactory (even leading to an in- 
crease of the pest in some cases), insect 
resistance is surely important enough 
to warant more than this cursory treat- 
ment in an otherwise informative and 
balanced production. 

Joun WILSON 





Announcements 


Appointments 


Anthony Kelly has been appointed 
Vice-Chancellor of the University of 
Surrey. 


A. J. Leadbetter has been appointed 
to the chair of physical chemistry at 
the University of Exeter. 


M. A. Sleigh has been appointed to the 
chair of biology at the University of 
Bristol. 


International meetings 


September 19-20, 551st Meeting of the 
Biochemical Society, University of St 
Andrews (The Meetings Officer, The 
Biochemical Society, 7 Warwick Court, 
Holborn, London WCIR SDP). 


September 24, The Use of Molten Salts 
in Surface Treatment, Leatherhead (Dr 
A. J. B. Cutler, C.E.R.L., Kelvin 
Avenue, Leatherhead, Surrey, UK). 


September 24-25, 552nd Meeting of the 
Biochemical Society, University College, 
Galway (The Meetings Officer, The 
Biochemical Society, 7 Warwick Court, 
Holborn, London WCIR SDP). 


September 25-26, Symposium on the 
Chemistry of Liquid Metals, University 
of Leicester (Dr John F. Gibson, The 
Chemical Society, Burlington House, 
London W1V OBN). 


October 3, Symposium on Micro Organ- 
isms in Food, University of Leeds «Mr 
A. J. Crowther, The Metai Box Co. 
Ltd., 24 Fennel Street, Manchester 
M4 3FH, UK). 


October 6-9, 6th Lunteren Lectures on 
Molecular Genetics, Netherlands (Dr 
W. P. M. Hoekstra, Department of 
Microbiology, State University of 
Utrecht, Padualaan 8, Utrecht, The 
Netherlands). 


October 7-12, 22nd International Meet- 
ing of Transportations and Communica- 
tions, Genoa (Segretaria Generale 
LLC., Villa Piaggio, Via Pertinace, 
16125 Genova, Italy). 


October 10-12, Genetic Engineering: 
Danger or Hope, Davos (Rudolf Brun, 
Gottlieb Duttweiler Institute for Eco- 
nomic and Social Studies, CH-8803 
Rüschlikon, Switzerland). 


October 24, Inaugural Meeting of the 
Hydrogeological Group of the Geo- 
logical Society of London, London (Dr 
J. D. Mather, Geological Society of 
London, Burlington House, London 
WIV OJU). 


Errata 


In the artcile “Memory in enzyme 
membranes” by A. Naparstek et al. 
(Nature, 249, 490; 1974) the legend to 
Fig. 1 should read internal pH 
as a function of decreasing (a) and 
increasing (b), the external pH values. 


In the article “Bioassay of a Droso- 
phila pheromone influencing sexual 
selection” by J. E. Leonard, L. Ehrman 
and M. Schorsch (Nature, 250, 261; 
1974) the blocks for Figs 1 and 2 were 


reversed. 
® 


Reports and Publications 


Great Britain 


% 

Science Research Council. The Work of the Ruther- 
ford Laboratory in 1973, Pp.@815 (Chilton, Didcot: 
Rutherford Laboratory, 1974). {246 

Standing Stones of Maeshowe of Stenness. By Magnus 


Spence. Pp. 25. (London: Research into Lost Know- 
ledge Organization, Mrs. Janette Jackson, 36 College 
Court, Queen Caroline Street, Hammersmith, 1974) 
246 

CIRCA-—International Centre for EER in 
Agricultural Research. Intensive Agriculture and the 
Environment. (North Western European Region 
Symposium, School of Agriculture, The University, 
Newecastle-upon-Tyne, 19-21st September 1973.) Pp. iv 
+ $23. (Dublin: An Foras Taluntais, 1974.) £2. [266 
National Radiological Protection Board, NRPB-R17: 
The Determination of Plutonium in Urine by Ultra- 
filtration, By G. N. Stradling, D. S. Popplewell and 
G. J. Ham. Pp. 12. NRPB-RI8S: Measurement of 
Activity of Surfaces Contaminated by Electron-capture 
Nuclides. By W. J. Hes and D. F. White. Pp. 43. 
(Harwell, Didcot: National Radiological Protection 
Board, 1973 and 1974.) {266 
Oundle School Natural History Society Annual 
Report for 1973. Fp. 56. (Oundle, Peterborough: 
Oundle School Natural History Society, 1974.) [266 
Rothamsted Experimental Station. Report for 1973. 
Part 1: Pp. 412. Part 2: Pp. 276. (Lawes Agricultural 
Trust.) (Harpenden, Herts: Rothamsted Experimental 
Station, 1974.) £3 the two parts, [266 


Other countries 


National Research Council of Canada. NRC Asso- 
ciate Committee on Scientific Criteria for Environ- 
mental Quality. Picloram: The Effects of Its Use as a 
Herbicide an Environmental Quality. (Subcommittee 
Report No. 1.) Pp. 128. (Ottawa: Publications, NRC, 
1974,3 i216 

National institutes of Health, Bethedsa, Md. Annual 
Report of International Activities, Fiscal Year 1973, 
Pp. vi + 100. (DHEW Publication No. (NIH) 74-374}. 
(Bethesda, Md.: National Institutes of Health, 1974. 
For sale by US Government Printing Office.) $1.35. [216 

Journal of Cutaneous Pathology, Vol. 1 No. f, 
February, 1974. Edited by Leopoldo F. Montes. Pp. 71. 
Subscriptions: Vol. I (6 issues} D.kr. 220.00 plus 
postage D.kr, 14.00 CUS $38.60, £15.40, DM 109.50) 
subject to exchange rate fuctuation. (Copenhagen, Den- 
mark: Munksgaard, 1974.) [26 

Smithsonian Contributions to Zoology, Na. 54: 
Ataenius, Aphotaentus, and Pseudatavnius of the United 
States and Canada (Coleoptera: Scarabacidae: Apho- 
diinae), By Oscar L. Cartwright. Pp. iv + 106. (Wash- 
ington, DC: Smithsonian Institution Press, 1974. For 
sale by US Government Printing Office). S185 [214 

Smithsonian Contributions to Zoology, No. [69: 
Studies of Neotropical Caddisflies, XVIH: New Species 
of Rhyacophilidea and Glossosomatidae (Trichoptera). 
By Oliver S. Flint, Jr. Pp. iv + 30. (Washington, DC: 
Smithsonian Institution Press, 1974. For sale by US 
Government Printing Office.) 80 cents. {216 

Environmental Conservation. Vol. & No. b 1974. 
Edited by Nicholas Polunin. Pp. 80. Subscriptions: 
Vol. Ll (Quarterly) SFrs 120 (approx. US $41) (Lausanne, 
Switzerland: The Foundation for Environmental 
Conservation, 1974.) [216 

Smithsonian Contributions to Paleobiology, No. 20: 
Ultrastructural Studies on Graptolites, t: The Periderm 
and its Derivatives in the Dendroidea and in Mastigo- 
graptus. By Adam Urbanek and Kenneth M. Towe, 
Pp, iii + 48. (Washington, DC: Smithsonian Institu- 
ion Press, 1974. For sale by US Government Printing 

fice.) $1.34 {216 

Smithsonian Contributions to Zoology, No. IFI: 
Spider Mites from Nerthwestern and North Central 
Mexico (Acarina: Tetranychidae) By D. M. Tuttle, E. 
W. Baker and M. Abbaticllo. Pp. 18. (Washington, DC; 
Smithsonian Institution Press, 1974. For sale by US 
Government Printing Office.) 60 cents, {216 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation, All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00, 30p is charged for the re- 
direction of replies to advertisements with a box 
number 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's inn, 
London, WEZA 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.72, 





APPOINTMENTS VACANT 


UNIVERSITY COLLEGE GALWAY 
JUNIOR LECTURESHIP IN BOTANY 


Applications are invited for the above post. 

Salary scale £2,478 by 99 (10) to £3468 pa. plus 
Family Allowances. Applications will be parti- 
cularey welcome fram candidates with a specialised 
knowledge of Irish vegetational history. 

The closing date for receipt of applications is 
September 12, 1974. Prior to application, further 
information should be obtained from the Registrar 


of the College. (738) 


The Marie Gurie 
Memorial Foundation 
THE CHART, OXTED RH8 OTL 


L RESEARCH ASSISTANT FOR THE 
METABOLIC UNIT with a degree in 
Nutrition or Biochemistry and an interest 
in clinical research in cancer. Experience 
of drug metabolism would be an 
advantage, 


. RESEARCH ASSISTANT FOR THE 
BIOLOGICAL CHEMISTRY UNIT with 
Grad. R.LC., or B.Sc. (Hons) in 
chemistry, with an interest in organic 
chemistry. Current projects involve the 
design, synthesis and evaluation of nèk 
anti-tumour agents and metabolism of 
anti-cancer drugs. 


. RESEARCH ASSISTANT FOR THE 
IMMUNOCHEMISTRY UNIT with a 
degree in biochemistry to investigate the 
role of acid hydrolases in tumour inva- 
sion and metastatic spread. Experience 
in immunochemical and biochemical 
analytical techniques would be an 
advantage. 


Salaries are based on the Whitley Council 
Scale with superannuation. Successful appli- 
cants may register for a higher degree after 
an initial probationary period. Applications 
including the names of two referees and 


indicating the post sought should be sent 
to the Secretary at the above address. 
(802) 





UNIVERSITY OF GLASGOW 
DENTAL HOSPITAL AND SCHOOL 
RESEARCH ASSISTANTSHIP IN 
DENTAL BIOCHEMISTRY 


Applications are invited for a RESEARCH 
ASSISTANTSHIP in DENTAL BIOCHEMISTRY, 
tenable for a period of up to four years from 
October 1974. 

Candidates should have an Honours Degree in 
Biochemistry, Microbiology or an allied subject. 
There will be an opportunity to apply to register 
for a higher degree. 

The work will be 
synthesis of 
enzymes. 

Salary scale £1,500 by £75 to £1,725. F.S.S.U. 

Applications, including curriculum vitac agd 
_ names of two referees, should be sent to Dr J. A. 
` Beeley, University of ‘Glasgow Dental School, 378 
 Sauchiehall Street, Glasgow G2 WZ, from whom 
further information may be obtained. 

In reply please quote Ref. No, 3527M. = (792) 


concerned with the 
extracelular bacterial 


mainly 
glucans by 


THE UNIVERSITY OF ASTON IN BIRMINGHAM 


Department of Pharmacy 


RESEARCH IN MEDICINAL AND 
PHARMACEUTICAL CHEMISTRY 


As part of the Department’s expanding research activities, the following 


posts are available: 


RESEARCH FELLOW IN HETEROCYCLIC CHEMISTRY 


(Ref. 984/6) 






The candidate will be expected to investigate the chemical and/or biological 


properties of novel Nitrogen Heterocyclic Systems of potential biological — 
importance, and to undertake a limited amount of teaching at M.Sc. level 


in an area of Medicinal Chemistry. 


The Fellowship is tenable for up to 2 years 9 months. The TEE | 


salary will be within the range £2,118 to £2,412 per. annum with effect | ee Ee 


from October 1, 


(Ref. 985/6) 


1974. The post is superannuable. fa 
RESEARCH ASSISTANT IN TOXICOLOGICAL, ANAL YSIS ae 


The successful candidate vi work on problems conces ed- 


of Human Genetics and Pathology at a Miate we 


Preference will be given to candidates having some e 
polarography, gas 
activation analysis, or other appropriate instrumental tech 


The post is tenable for up to 3 years and the starting salary will, with effect 
from October 1, 1974. be within the range £1,395 to £1 659 per annum on - 


absorption spectrometry, 


a scale rising to £2,058 per annum. 


Requests for further details of these two posts and application forms (which 
later than September 6} should -be 
preferably on a postcard, quoting the reference numb 
University of Aston in Birmingham, Gosta | 


should be returned not 


Officer, 
B4 JET., 


RESEARCH STUDENTSHIPS 


Applications are invited from suitably qualified graduates 


research in the following areas: 


Heterocyclic medicinal chemistry l 
Characterisation of biologically active compounds in coa 
X-ray crystallographic and other instrumental methods 


of biologically active materials 


Grants are based on S.R.C. 
demonstrating duties. 


Degrees of the University. 


regulations and may te: nted by ; 
Candidates would be expected to register for Higher ae 


chromatograp 











o the Staff 


Further details of these studentships may be obtained from Di M. F. & E ie oe 


Stevens, Department of Pharmacy, 


CENTRAL PUBLIC HEALTH 
LABORATORY 


Honours Science Graduate required by the Stan- 
dards Laboratory for Serological reagents for work 
with viral diagnostic reagents. 

Applications with full details of age, experience 


and qualifications to the Personne! Officer, Central 
Public Health Laboratory, Colindale Avenuc, 
London, NW9 SHT. (749) 





THE GRASSLAND RESEARCH 
INSTITUTE 
HURLEY, MAIDENHEAD, BERKSHIRE 


A vacancy exists for a SENIOR SCIENTIFIC 
OFFICER/PRINCIPAL SCIENTIFIC OFFICER 
to study the priciples underlying the utilisation of 
grass by grazing cattle, with emphasis on sward 
and anima! factor® influencing the productivity of 
dairy cows. 

Minimum qualifications: ist or 2nd class honours 
degree im an appropriate subject nd relevant post- 
graduate experience. 

Dees Senior Scientific Officer £3,157 to £4,441 

: Principal Scientific Officer £4,227 to £5,550 p.a. 

Phere 18 “a non- -contributory superannuation 
scheme. 

Applications to the Secretary by Qeptember 14, 
1974 with curriculum vitae and the names of three 
referees and quotieg 6/C/8. (823) 


University of Aston in Bi 
Gosta Green, Birmingham B4 TET. Returnable by September 6, 


, Quote ref: 
















THE UNIVERSITY OF SHEFFIELD 
W. E. S. TURNER CHAIR OF 
GLASS rren 

Applications are invited. for E. S. 
TURNER CHAIR OF GLASS TECHNOLOGY 
which will become vacant in rag ine 1975- on 
the retirement of Professor R. Douglas... 
in the range approved for protectin appointments 
with superannuation provision. Further particulars 
may be obtained fram the Registrar and Secretary, 
The University, Sheffield S10 ITN to whom applica- 


tions (one copy only) should be sent by September 
21. 1974. Please quote reference RII6/G. (808) 





(RE-ADVERTISEMENT)} 


THE UNIVERSITY OF MANCHESTER 
LECTURER IN ZOOLOGY 


Applications invited. for- this. “post, for: 
interest in neurobiology.. woti 
Salary soule p.a.: £2.14 y £4,8' 
salfry not above £2,580 pa. Pa 
cation forms (returnable by September. 20) f 
Registrar, The University, Manchester MI 
186/74/N. ae | 
































Salary: 































PHD POLYMER 
CHEMIST 


Research Project 


BOC are sponsoring a research project in polymer chemistry at the University 
of Aberdeen Department of Chemistry, Physical Chemistry Section to 
commence Autumn 1974, The project is concerned with the separation 
of gases by permeation through polymer membranes and hollow fibres. 


BOC will employ the person appointed, initially on a 2-year secondment as 
Honorary Fellow to the University. Upon completion of this period career 
development alternatives might include continuation of this project in the 
employ of either BOC or the University, or other scientific posts within BOC 
or the University. 


Candidates, aged between 24 and 28, should have recently gained (or be 
about to gain) a doctorate in Organic or Physical Chemistry, and be parti- 
cularly interested in undertaking applied research for industry. 

Salary negotiable; first class pension scheme and terms of employment; 
removal expenses if appropriate. 


Please apply to: 


Dr D. W. Kirkley, 

New Venture Secretariat, 

British Oxygen Company Limited, 
Hammersmith House, 

London W6 9DX. 


AY ah A RASA Dirt WA 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSIOLOGY AND BIOCHEMISTRY 


Applications are invited from suitably qualified persons for the folowing posts:- 


tl LABORATORY TECHNICIAN-—BIOCHEMISTRY 
Grade 4. £1,848 to £2,163 per annum. 
To assist research involving chernical synthesis and evaluation of novel compounds 
and to assist with undergraduate practical classes. Ref: 274/T/NA. 


2. LABORATORY TECHNICIAN--BIOCHEMISTRY /MICROBIOLOGY 
Grade 4. £1,848 to 2.163 per annum. 
To be responsible for technical support to medical and science undergraduate Bio- 
chemistry /Microbiology classes and provide some support for related research. 


. Ref: D78/T/ NA. 

3. LABORATORY TECHNICIAN--PHARMACOLOGY 

Grade 3. £1,650 to £1,920 or Grade 4. £1,848 io £2,163 per annum, according to 

qualifications and experience. 

To provide technical support for Science undergraduate Pharmacology /Mammatian 

Physiology classes and research. Ref: 276/T/NA. 
4, PHOTOGRAPHIC /REPROGRAPHIC TECHNICIAN 

Grade 3. £1,650 to £1.920 or Grade 4. £1.845 to £2,163 per annum. 

To provide a departmental photographic service, to produce slides, and to prenare 

diagrams, graphs and illustrations. Ref: 277/T/NA. 


§ LABORATORY TECHNICIAN-~-RADIOISOTOPIC SERVICES 
Grade 3. £1.680 to £1,920 per annum. 
To be primarily responsible for radioisotopic facilities in the Analytical Services Unit. 
Experience of instrumentation and/or chemistry/biochemistry. Ref: 2IO/T/NA 


6 ELECTRON MICROSCOPY TECHNICIAN 
Grade 2B. £1,524 to £1,794 per annum 
To join a unfit providing Electron microscopy services. Some experience of E.M. work 
and/or histology. Ref: 28i/T/NA 
Cost of living allowance currently £2.40 per week payable in addition ta s@lary shown. 


Posts l-4: Related experience, an appropriate qualification fminimurm ONC. of 
equivalent) and enthusiasm are required for these established appointments. Graduates 
in appropriate disciplines are welcome to apply for posts f-3. 


Posts 5-6: Minimum qualification for these posts ONC. or equivalent in appropriate 
subjects. o š 
Applications giving details of age, gualifications and experience and the names of two 
referees should be sent to the Deputy Secretary's Section, The University, Southampton 
SO9 SNH, quoting appropriate reference number. e (730) 
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“METALS ABSTRACTS” 

The international abstracting service for 
metallurgy offers permanent positions as 
SENIOR EDITORIAL ASSISTANTS. The 
work consists of editing, indexing, and check- 
ing abstracts for publication. A science degree, 
preferably in metallurgy, physics, or chemistry, 
is necessary and a working knowledge of a 
foreign language would be an advantage. 









Applications, stating age, education, quall- . 
fications, and experience, to Dr T. Graff. 
Metals Abstracts, The Metals Society, I 
Carlton House Terrace, London SWIY SDB, 
(829) 


HOUGHTON POULTRY RESEARCH 
STATION 


HOUGHTON, HUNTINGDON, CAMBS. 
ELECTRON MICROSCOPIST 
LEUKOSIS EXPERIMENTAL UNIT 


Applications are invited from veterinary graduates 
with experience im electron microscopy, and pre- 
ferably with a higher degree, for a research post 
with a group studying avian tumours and their 
causative viruses, with particular emphasis on 
Marek’s disease, to obtain an understanding of 
pathology at the ultrastructural level and its rela- 
tion to Marek's disease and other diseases of 
poultry. The successful candidate would be in 
charge of a small electron microscope unit. Some 
collaborative work with other departments would 
be required. 

The appointment will be made in the YRO 
(£2,616 by 7 to £3312) or SV.R.O. (£3,312 by 7 
to £4,004) grades, salaries (currently under review) 
depending upon qualifications and experience. There 
is &@ Non-comtributory superannuation scheme. 

Further particulars and application form from 
the Secretary to whom completed applicatign form 
should be returned by September 20, 1974. (822 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL 
SCIENCES 


Postdoctoral 
Research Assistants 


required for project on:-—— 


(a) The biochemical basis of plasma 
membrane modifications associated 
with cell transformation, Ex- 
perience with membrane enzymes, 
enzyme isolation and purification 
of glycolipid biochemistry would 
be an advantage. The project is 
supported by the Cancer Research 
Campaign, it is for one year in 
the first instance and is renewable. 
Salary will be on University 
Lecturer scale up to £3,400 a year 
according to experience and quali- 
fications. 


(b) The changes in the biochemistry 
of the cell nucleus induced by 
chemical carcinogens, Experience 
with enzymes or with chromatin 
would be an advantage. The pro- 
ject is supported by the Cancer 
Research Campaign, it is for one 
year in the first instance and is 
renewable. Salary will be on Uni- 
versity Lecturer scale up to £3,000 
a year, according to experience 
and qualifications. 


Applications for both posts with the 
names of three referees to Dr S. Shall, 
School of Biological Sciences, Uni- 
versity of Sussex, Brighton BNI 9QG. 
(805) 
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QUEEN MARY COLLEGE 
University of London 
CHEMISTRY DEPARTMENT 


Applications are invited for an S.R.C. supported 
Postdoctoral Research Assistant, tenable for f year 
from October 1, for work im collaboration with 
Drs F. A. Hart and G. P. Mass on Fundamental) 
aspeats of lanthanide nmr, shift reagents. Ex- 
perience if preparative coordination chemistry 
and/or organic chemistry im addition to mmr. 
spectroscopic experience reguired. Salary within 
range £2,118 to £2,247 p.a, plus £213 London 
Allowance. Applicaffins in writing (giving qualifi- 
cations, previous scientific experience and names 
and addresses of two referees) to The Registrar (N), 
Queen Mary College, Mile End Road, London El 
4NS, (821) 


UNIVERSITY OF LEEDS 
DEPARTMENT OF PLANT SCIENCES 


Applications are invited for the post of 
DEMONSTRATOR, This post is tenable for 
up to three years. Candidates are expected 
to give assistance in the preparation and 
demonstrating of undergraduate practicals, 
and in tutorial werk, and to carry out 
research in aspects of soil science related 
to a major departmental research pro- 
gramme on minimum cultivation methods. 

Candidates should have a good Honours 
Degree, and preferably some research ex- 
perience, with training or experience in soil 
science (physics or soil chemistry). 

The salary is in the range of £1,296 to 
£1,971 Gander review), Successful applicants 
may work for a higher degree during their 
tenure of the post. Application forms and 
further particulars from the Registrar, 
University of Leeds Leeds LS2 9JT (please 
quote reference 41/26/D}. Closing date 
August 31, 1974. (806) 





UNIVERSITY OF EXETER 
DEPARTMENT OF BIOLOGICAL SCIENCES 


POSTDOCTORAL RESEARCH 
ASSISTANT 

Applications are invived for a Postdoctoral Re- 
search Assistant to work with Dr H, Stebbings on 
“Cytoplasmic microtubules and their rGle in cellular 
and intracellular movements’. The research will 
involve ultrastructural, biochemical and physiological 
studies on a number of microtubule systems, and 
preference will be given to applicants who have 
been working in this field. Previous experience of 
electran microscopy is essential, 


The appointment is for two years from either 
October I, 1974 or such date thereafter as may 


be mutualiv agreed, with an initial Salary of £2,118 
pa. plus FSS. U. 


Applications, together with a curriculum vitas 
giving details of age, qualifications and EXPcrignce, 
and the names of two referees should be sent by 
September 13, 1974 to The Secretary of the Uni 
versity, Northcote House, The Queen's Drive, 
Exeter EX4 4Q]). Please guote reference 1/12/7081. 


(817) 


university of wales 


UNIVERSITY 


COLLEGE OF 
SWANSEA 


Research Assistant 


Applications are invited for the vacaney 





of Research Assistant in the Department of 
Botany and Microbiology. Applicants should 
have a degrees in a biological subject, pre- 
ferably in genetics and the successful applicant 
wi work wth Professor P. dJ. Syrett on 
genetical aspects of the control of nitrate 
assimilation in Chkhmydomonas. 


The appointment, which will be for one 
year in the first instance, will be £1,410 per 
annum. 


Further particulars and application forms 
may be obtained from the Registrar/Secretary, 
University College of Swansea, Singleton 
Park, Swansea SA2 8PP to whom they should 
be returned by Monday, September 9, he 

{ 








NORTHAMPTONSHIRE 
AREA HEALTH AUTHORITY 


Northampton General Hospital 


Applications are invited for the post of 


Basic Grade 
Biochemist 


(post probationary) in busy and well-equipped Clinical 
Chemistry Department. Previous experience in immuno- 
logy and radioimmunoassay desirable but not essential. 


Applications with details of age, qualifications and experi- 
ence, together with names and addresses of two referees 
to Dr G. P. Fraser (telephone Northampton 34700 Ext. 
514) from whom further particulars may be obtained. 





DEPARTMENT 
AGRICULTURE 


Applications are invited for a permanent and pensionable post in the p 4 
Crop and Animal Husbandry Division. 78 fe ne, kh 
The successful applicant will undertake work on pig. produ 
special reference to increased efficiency and may be requ ed to 
teaching duties in the Faculty of Agriculture, The Queen's U 
Belfast. 












The appointment may be at Senior Scientific Officer, Higher Scientific | 
Officer or Scientific Officer level, 


$5.0. Over 25 and under 32 years of age with a ist or 2nd Class 
Honours Degree in Agriculture and at least 4 years post- iai 
experience preferably in relation to pig production, 


H.S.O. Under 30 years of age with an Honours Degree as above ing at 
least 2 years relevant post-graduate experience. 


S.O. Under 27 years of age with an Honours Degree as above. 


Salary Scales: 5.5.0. £3,157 to £4,441; H.S.O. £2,461 to £3,371; 
S.O. £1,592 to £2,675. 


Grading and salary will be related to qualifications and experience and a 
cost of living supplement is also payable. 


Please write or telephone for an application form and further 

information, quoting Ref. SB 227/74/N to Civil Service Commission, 

Clarendon House, Adelaide Street, Belfast BT2 8ND 

(telephone 0232-44300, ext. 26). 

Completed forms must be returned to arrive not later than September 
1974. 






NORTHERN IRELAND 
CIVIL SERVICE a 















Applications to: 
Secretary, Lister 
Elstree, Hertfordshire. 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 


A vacancy exists for a RESEARCH TECHNI- 
CIAN GRADE 5, having H.N-C. or equivalent 
-o qualifications plus several years relevant experience, 
ta take charge of an electron microscope unit 
within the Department. Experience in cell biology 
desirable. The work will involve alsa the use of 
“Sophisticated electronic and optical equipment in 
o gongetion with studies on brain damage. investi- 

gations on tissue culture and a general supervisory 
responsibility for the running of a small laboratory. 

This ‘funded’ post, which is tenable from Novem- 
bere, 1974 at the School of Veterinary Science, 

Langford, carries a salary related tao U.T.S.S. 

stale Grade 5, £2,007 by £75 to £2,382 per annum. 

The present grant, which is renewable, runs to 

December 1977 imitially. 

Applications in writing, giving the names and 
addresses of two referees, to Professor I. A. Silver, 
Department of Pathology. Medical School, Uni- 
versity Walk, Bristol BSS ITD. {820} 





ROYAL FREE HOSPITAL 

2 SCHOOL OF MEDICINE 

. DEPARTMENT OF BIOCHEMISTRY 

5 AND CHEMISTRY 

Applications are invited for the post of RE- 

SEARCH TECHNICIAN to work on biological 

membranes and cell fusion in a project supported 

by ‘the Medical Research Council. The post is for 

one year in the first instance, renewable to kidy M, 
1976, Initial salary, depending on age and ex- 
erience, from £1,692 per annum plus £126 London 
eighting allowance and Threshold Payments, 








to Professor J. A. Lucy. Royal Free Hospital 
School of Medicine, 8 Hunter Street. London 
WCIN IBP. or Sree B18) 





The Lister Institute of Preventive Medicine 
(University of London) Elstree, Herts 


requires a 


BACTERIOLOGIST 


to undertake investigative and developmental work on 
bacterial vaccines and therapeutic sera. This post is one of 
responsibility and offers plenty of scope for interesting and 
rewarding research; it is suitable for a worker with a doctoral 
degree or of comparable seniority. Salary in accordance with 
experience and qualifications. Superannuation under PSSA. 


Institute 


UNIVERSITY OF SINGAPORE 
PHARMACOLOGY 


Applications are invited for teaching appointments in the Department of 
Pharmacology. Candidates should have an interest in teaching and research 
in Medical Pharmacology. Gross monthly emoluments in the range from 
S$1,310 to S$ 4,190 approx., the initial amount depending on the candidates’s 
qualifications and experience and the level of appointment offered. The gross 
emoluments comprise basic salary and the National Wages Council wage 
allowances. In addition, the University pays a 13th month annual allowance 
of one month’s basic salary in December of each year; and contributes to 
the staff member’s provident fund at 15% of basic salary and allowances. 
Leave, medical, housing and other benefits are also available. Candidates 
should write to: The Registrar, University of Singapore, Singapore, giving 
curriculum vitae (bio-data), with full personal particulars, and also the 
names and addresses of three referees. 


Exchange rate, approx. Stg. £1=S9$5.85. 


Please apply as soon as possible, giving a. 
curriculum vitae and the names of two referees, ~ 


















of Preventive Medicine, 





(859) 
























(835) 






UNIVERSITY OF EXETER 
DEMONSTRATORSHIP IN 
PHYSICAL CHEMISTRY 


Applications are invited for a Demonstratorship 
in Physical Chemistry, tenable from October 1, 
1974 for two years. Applicants should have a Ph.D. 
degree or equivalent research experience. 

Salary within the range £1,941 to £2,247 per 
annum with initial placement in accordance with 
qualifications and experience. The post is super- 
annua ble . 

Further particulars may be obtained from: The 
Secretary of the University, Northcote House, The 
Queen's Drive, Exeter EX4 4QJ, to whom applica- 
tions {six copies; overseas applicants one copy), 
together with the names of two referees, should be 
sent by September 15, 1974. Please quote Reference 
No, 1/12/3093 in al correspondence. {815} 








BBC RADIO SCIENCE PRODUCER 


to produce “‘Science Now”, ‘Scientifically Speak- 
ing’? and similar programmes. 

Thorough knowledge of developments in science, 
scientific curiosity and editorial judgernent essential. 
Science degree and journalistic experience desirable. 
Based Broadcasting House. 

Salary £2,967 pa. (may be higher if qualfica- 
tions exceptiona® rising by annual increments of 
£135/156 to £4,023 p.a. maximum, plus cost of 
living threshold payments currently £10.42 per 
month and £195 pa. non-day working allowance. 
Salary revision due October 1, 1974. 

Write or telephone now for application form 
fenelosing a@dressed foolscap envelope and quoting 
reference 74.G.451N) to Appointments Department, 
BBC. London WIA IAA. TS. 01-580 4468 Ext. 
4619. (824) 


NORFOLK AREA HEALTH 
AUTHORITY 


GRADUATE 
AUDIOLOGIST 


Required to provide a service for 
the conduct of audiological and 
vestibular investigations for adults 
and children at the new Regional 
Audiology Centre which is being 
established at the Jenny Lind 
Hospital, and to undertake com- 
bined clinics with ENT. sur- 
geons. Although based at the 
Regional Centre, the Audiologist 
will also visit other hospitals in 
the East Anglian region to under- 
take clinics. 


Training of Physiological Mea- 
surement Technicians in Audio- 
logy for the Region will be his 
or her responsibility; in addition, 
the Audiologist will undertake or 
assist in research projects in 
Audiology and related fields. 


Appropriate qualifications would 
be B.Sc. or equivalent in Biology, 
Physiology, Engineering or Mathe- 
matics; with a higher degree in 
Audiology. 


The appointment will be on the 
Scientific Officer Grade, with one 
year’s seniority, with promotion 
thereafter to Senior Scientific 
Officer. Commencing salary will 
depend on qualifications and ex- 
perience; a graduate with a ist 
or 2nd class Honours degree 
would receive a commencing 
salary of £1,875 pa. and for a 
graduate with a 3rd class Honours 
degree the commencing salary 
would be £1,593 p.a. 


A Job Description and applica- 
tion form is available from the 
Area Personnel Officer, Norfolk 
Area Health Authority, 102/104 
Prince of Wales Road, Norwich. 
An informal visit to the Regional 
Audiology Centre can be arranged 
prior to interview. 


Closing date for receipt of appii- 
cations is September 11, 1974. 


(811) 


Immediate vacancy for a fully qualified 


TECHNICIAN 


for research work on rheumatoid arthritis utilising 
Mamunological and tissue-culture techniques. 
vious experience preferable but not essential. Apply 
in writing, stating age and giving details of educa- 
tion, qualifications and experience, to the Secretary, 
Guy's Hospital Medical School, London Bridge 
SEI ORT, quoting Ref. D.M.3. 





($37) 


4 
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THE INSTITUTE 
OF ORTHOPAEDICS 
(University of London) 

Royal Nationa] Orthopaedic Hospital 
234 Great Portland Street, 

London WIN 6AD 


Applications from graduates in either 
medicine or science are invited for the 
whole time post of 
RESEARCH ASSISTANT 

in the 
Department of Morbid Anatomy 


CHEMICAL 
PATHOLOGIST 


An opportunity exists for a Chemical Pathologist within 
the Human Pharmacology Department at Brockham Park. 
The successful applicant will be responsible for a smali 
group of technical staff conducting the clinical chemistry 
and haematology services for this department. 


This challenging new position will be of interest to an 
applicant with 2/3 years post graduate experience in 
Chemical Pathology. 


A good starting salary will be offered and reviewed 
regularly. Beecham Pharmaceuticals, Research Division is 
part of the Beecham Group and is situated in a pleasant 
area of Surrey; within easy reach of London. 


The successful applicant will qualify for the Groups 
generous bonus scheme and non-contributory pension and 
life assurance scheme. 





The appointment is for one year in the 
first instance, and is renewable annually. 
Salary on the appropriate scale for lecturer 
(£3,138 to £4,041 Clinical, £2,118 to £3,462 
Non-Medical} according to qualifications and 
experience. Superannuation under P.S.5.U. 


The post will provide opportunity for 
research in the general field of bone struc- 
ture and bone pathology, under the super- 
vision of Prof. H. A. Sissons. For a 
medically-qualified pathologist it will also 
provide training and experience in ortho- 
paedic pathology. Further information can 
be obtained from Prof. H. A. Sissons. 


if you are interested in this 
vacancy please contact the 
Site Personnel Officer, 
Beecham Pharmaceuticals, 
Research Division, Brookham 
Park, Betchworth, Surrey RH3 7AJ, 
or ring Betchworth 3202 ext. 55 
for an application form. 


Applications, together with the names of 
two referees, should reach the Secretary, at 
the above address, by September 30 1974. 
(798) 


(861) 


UNIVERSITY OF LEEDS 
DEPARTMENT OF PLANT SCIENCES 


Applications are invited from graduates with 
appropriate qualifications in agronomy for the 
post of RESEARCH OFFICER in the Department 
of Plant Sciences, Leeds University. The appoint- 
ment is for one year, with possible renewal for a 
further two years, and is associated with a major 
research project financed by the Agricultural Re- 
search Council on direct drilling and reduced 
cultivation. The person appointed will take charge 
of field experiments and assist with the co- 
ordination of the experimental requirements of a 
small research group. Salary £1,929 by £129 to 
£2,038 by £165 to £2.223 (at present under revision). 
Application forms and further details from the 
Registrar, University of Leeds LS2 9JF (please 
quote reference number 4125). 










































Closing date for applications August 31, 1974, 
(807) 
oo manta anaa AIEO EEO E mamumsmge pitt frarunryherAnnEAnr-—hhrinhtt ratte eee | 
ROTHAMSTED EXPERIMENTAL | 
STATION 
HARPENDEN, HERTS. ALS 210 
ASSISTANT STATISTICIANS A mist 
to analyse and interpret data from agricultural and grono IS 
other biological expernnents using the Statian'’s . : 
computer. Degree, H.N.C. or equivalent qualifica- | To werk with local research agronomists at the Crops Research 
on im mathematics or statistics. Some knowledge ; : ' 
of agriculture or biology ane wav antes: ips | Institute, Kumasi on a range of crops. 

Appointment in grade of Scientific Officer lied ie d 
E ty ES a salary e oo | Candidates should have a degree in agriculture or allied science: 
qualifications and experience. Superannuation with with experience of agronomic research in tropical countries. 
a contribution of 14% for family benefits, Appoi 18 hs in fi i ŞS | ir | ; £4 550 
APPI i writing a the Secretary ziving Pamies Jaen i mont f in Hie instance. ie £760. Et 168 ¢ 
and addresses of two referees and quoting reference ~ AO t 
236 hy September 15, [974. ons (826) 9 6, ao ee PER TEC PE es . a. i 7 ; oe 

Other benefits include free family passages, paid leave, children’s 
UNIVERSITY OF LEEDS | education allowances and free accommodation | and medical 
DEPARTMENT OF PLANT SCIENCES | attention. Applicants should normally be citizens of and 
‘Applications are invited from graduates © permanently resident in the United Kingdom. 
with appropriate qualifications for the post Ny 


anpeeete 


of RESEARCH OFFICER in the Depart- 
ment of Plant Sciences, Leeds University. 
The appointment is for one year, with 
possible renewal for a further two years 
and is associated with a major research 
project financed by the Agricultura] Re- 
search Council on direct drilling and 
reduced cultivation. The person appointed 
will take charge of field experiments and 
assist with the co-ordination of the experi- 
mental requirements of a small research 
group. Salary £1,929 by £129 to £2,058 by 
£165 to £2,223 (at present under revision). 
Application forms and further details from 
the Registrar, University of Leeds LS2 9JT 
{please quote reference number 41/25/11). 
Closing date for applications August 31, 
74. (8073 


For full details and an application form please apply giving 
age and brief details of qualifications and experience to: 


Appointments Officer 


Ministry of Overseas 


_ Development 
Room E301 Eland House 


\ 
~ Stag Place London SEIE 5DH (868) 
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Microbiologist 


John Wyeth & Bro. Ltd., an associated Company of Wyeth 
International of Philadelphia, U.S.A. produce a wide range of 
Pharmaceutical gnd infant food products at their modern factory at 
Havant, Hampshire. 

A vacancy exists for a recently qualified graduate in Microbiology 
who will be required to join a smali team involved in the 
Microbiological Quality Control of pharmaceutical nutritional products. 
The company offers a non-contributory pension and life assurance 
scheme. Assistance with relocation expenses will be considered. 


Please apply to: 

Mr ©. E. Henry, 

Staff Personnel Manager, 
John Wyeth & Brother Limited, 
Huntercombe Lane South, 


J 


Taplow, Nr. Maidenhead, Wyeth 
Berks. 
or Telephone Slough 28311. (836) Á 


Bass Charrington 


Graduate 
Microbiologist 


This interesting and challenging position involves 
quailty control duties at our laboratories at 
Cape Hill Brewery, Birmingham. 


The successful applicant will have an Honours 
Degree in either Microbiology or a biological 
subject with substantial Micro-biological content, 


We offer an attractive salary, commensurate 
with the importance we attach to this position, 
together with the usual fringe benefits associated 
with a large and progressive organisation. 


Apply giving full details to: 


Personnel Manager, 
Mitchelis & Butlers Limited, 
P.O. Box 27, 

Cape Hill Brewery, 
Birmingham B16 OPQ. 


{841} 


Senior Physicist 

required in the Department of Clinical Physics and Bioengineering. Duties 
will be to engage in Clinical Radiotherapy Physics, Treatment Planning, 
Radiation Dosimetry and Radiation Protection. Some teaching in D.S.R. 
Courses. : 


Applicants must have a good honours degree in Physics. Clinical experi- 
ence is essential. Salary scale £2,964 to £3,843 pius £126 London Weight- 
ing plus current threshold payment. Application forms obtainable from 
Personnel Department, Guy's Hpspital, London SE1. Tel. 01-407 3662 Ext. 


8 
(850) 












Nature Vol: 250 ‘August 23 1974 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 
DEPARTMENT OF BIOCHEMISTRY 
Compton, Newbury, Berkshire 

Applications are invited for a postgraduate 
studentship available for a suitably Qualified candi- 
date to study the nature of the serapi agent using 
biochemical and virological techniques. The student- 
ship is funded by the Muluple Sclerosis Society 
and thy stipend will be approximately £1.200 per 
annum for three years. Opportunities exist te 
register for a higher degree at the University: of 
Reading, with which the Institute is an asscchated 
institution, Hostel accommodation is availubk: in a 
modern building. 

A full curriculum vitae and the names of twas 
referees should be submitted to the Secretary as 
soon as possible, quoting the reference number 159, 
{8275 








AREA LABORATORY 


KING EDWARD VH HOSPITAL 
WINDSOR 


Senior Technician, Technician and a Junior 
Technician required for Microbiology Department, 
Laboratory provides a comprehensive service for 
approximately 1.000 beds and for out-patient clinics 
and generaj practitioners in the Windsor, Asc and 
Maidenhead areus. Expansion of services anticipated. 
Hospital close to public trafisport termini and has 
its own swimming pool. 

Applications us Senior Pathologist. Enduirivs to 
Senior Chief Technician. Tei: Windsor 63424. 

£830) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
RESEARCH ASSISTANT 

Applications am invited from  Biologists/ Bio- 
chemists for the post of Research Assistant in the 
above Department. The post is grant-aided. tenable 
for a period af three vears from October 1, 1974. 
The project is to study steroid production by human 
ovarian ceils, 

Applications wilh be considered from either 
Honours Graduates or Postdoctoral  Acientists. 
Salary will be within the range £1,600 to £2,412 
per annum according to age, qualifications and 
experience. 

Further particulars may be obtained from Dr 
J. R. T. Coutts, Department of Obstetrics and 
Gynaecology, Royal Maternity Hospital. Glasgow, 
with whom applications should be lodged by 
August 30, 1974, 

In reply please quate Ref. No. 3330M. ($32) 


UNIVERSITY OF PITTSBURGH 
CRYSTALLOGRAPHY DEPARTMENT 


Applications are invited for a facully appoint- 
ment. Preference will be given ta apphcants with 
widely recognised achievements in research pe rlain- 
img ig diffraction and its use for the determination 
of structure at the electronic, atomic or molecular 
level. The appointment will be at a rank come 
mensurate with the experience of the successful 
applicant. Applications shouid be sent ta: 

Professor Bryan M. Craven 
CrystaHoyraphy Department 
University of Pitshurgh 
Pittsburgh, Pa. 15260 U.S.A. 
(AN EQUAL OPPORTUNITY EMPLOYER) 
(R34) 


petite ett aaan i ani anA AAA iaa anaana mh anh ehhh AAC rarest ARE 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN GEOGRAPHY 
(three year fixed term appointment} 


The Department of Geography requires a lecturer 
for senior classes in economie geography. and for 
advising postgraduate students. Candidates should 
have research and teaching experience, which musi 
include expertise in quantitative techniques. Pre- 
ference will be given (o applicants who can cone 
tribine to the Department's interests mo resource 
management and urban and regional planning, 
Applicants should have a PhD. or equivalent quali- 
fication. Hois hoped that the successful appitant 
will be ubie to take up duties carly in 1975, but 
later dates may be negotiated. 

The fectureship advertised is for three years in 
the first instance. 

Salary range: $A9,002 to $12,352 pa. 

Applications, including curriculum vitae. pa of 
publications. and names of three referees by 

eptember 30, 1974 to the Registrar, University of 
sydney, N.S.W. 2006. Australia, from whom further 
information available. Further information ahg 
fram Axsociation of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF. 

{845} 
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AGRICULTURAL RESEARCH 
COUNCIL 
LETCOMBE LABORATORY 
SCIENTIFIC OFFICER 


required to fill a vacancy jn the Field Studies 
Depariument to assist in work on the long term 
effects of reduced cultivation and direct drilling 
on soil conditions and crop growth. 

Minimum qualifications: Pass degree, H.N.C. or 
the equivalent in an agricultural or biological 
seilerne. 

Starting salary £1,592 to £1,931 according to 
qualifications and experience, on scale to £2,675, 
There is a non-contributory Superannuation Scheme. 

Application forms and further particulars may 
be obtained from the Secretary, Agricultural Re- 
search Council, Letcombe Laboratory, Wantage 
OXi2 SIT. The closing date for application is 
September 20, 1974. (848) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
POSTDOCTORAL ASSISTANTSHIP 


Applications are invited for a postdoctoral assist- 
antship ia the Department of Pharmacology. for 
research on neurotransmitter synthesis and turn- 
over. Phe post is tenable for two years, starting 
salary according to age and experience, from 
£2498 pa. plus £213 pra. London Weiehting. A 
knowledge of enzyme muification, immunological, 
er neurochemical procedures an advantage. 

Applications, as soon as possible, to Dr AL K. 
Prince, Department of Pharmacology {N}, King’s 
College, Strand, London WC2R 2LS. (838) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHARMACOLOGY 

Applications are invited for two POST- 
DOCTORAL ASSISTANTSHIPS for work 
on the mechanism of calcium transport in 
sarcoplasmic reticulum, or the coupling of 
hormone receptors to adenyl cyclase activity, 
in collaboration with Dr J. C. Metcalfe and 
Dr G. B. Warren. 

Candidates should have research ex- 
perience in enzymology or physical bio- 
chemistry, preferably appHed to membranes. 
The posts are supported by the S.R.C. and 
the M.R.C. and are tenable for up to three 
years from October 1974 or later. Salary 
range £2,223 to £2,853 pia. (under review) 
iwith FSA UG 

Applications, including curriculum vitae 
ari the names of two referees should be 
sent to Dr J. C. Metcalfe, Department of 
Pharmacology, Medical School, Hills Road, 
Cambridge CB2 20D, England, ($19) 


THE UNIVERSITY OF 
MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 
CHEMICAL ENGINEERING DEPARTMENT 
SPECIAL RESEARCH ASSISTANT 


A vacancy exists for a Research Assistant to 
work on a Sekn Research Council research 
contract to study the condensation of vapours of 
immiscible Hauids. The contract is for a period 
of thre years. The work of the research assistant 
will entail laboratory studies of condensation, study 
af the influence of important physical and surface 
propertics, and the operation of a pilot plant 
experimental rig. 

The salary wil be within the range £2,383 to 
£2746 plus F.S.S.U. contributions. Applications 
are imvitvd from persons with suitable qualifications 
or experince in chemistry, physics or chemicul/ 
mechanical engineering. Applications should be sent 
as soon as possible tao Dr G, A. Davies, Depari- 
ment of Chemical Engineering U.M. LST. P.O. 
Box 88, Manchester M60 LOD. (S543 


SOUTHAMPTON UNIVERSITY 
MEDICAL SCHOOL 
BASIC GRADE BIOCHEMIST 


Basic grade biochemist required to work on 
lipid project in the University Departments of 
Chuid Heulth and Chemical Pathology. The study 
involves using techniques for Hpoprotein§ electro- 
phoresis, ultracentrifugation and analysis of trigly- 
cerides and phospholipids. The successful applicant 
would be based in the Department of Chemical 
Pathology and work m close liaison with bith 
Clingeal and biochemical staff. Applications and 
-enguifiss fo Personnel Department, Southampton 
Health District, 119 Tremona Road, Southampton. 


{843} 

























UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF CIVIL ENGINEERING 


POSTDOCTORAL RESEARCH ASSISTANTSHIP 
IN WATER POLLUTION MONITORING 


A Postdoctoral Research Assistantship, sponsored by the SRC. is. 
available in the Department of Civil Engineering. The research 
programme involves development of a continuous electroanalytical 
method for monitoring organic pollutants in effluents, Applicants 
should have experience of electrochemical and analytical techniques. 


The appointment is initially tenable for two years on the salary 
scale £2,118 per annum rising to £2,247 per annum with F.S.5.U. 
benefits, 


Applications, including curriculum vitae and the names of two 
referees (quoting R30/74) should be sent to Dr C. L. Page, Depart- . 
ment of Civil Engineering. University of Strathclyde, Colville Building, 
48 North Portland Street, Glasgow GI IXN. (874) 








Graduate 
Biochemist 
Physiologist 


Shell Research Limited, Sittingbourne, Kent have a 
vacancy for a young graduate biochemist or physiolo- 
gist in the Biochemistry and Plant Physiology Division 
of their Milstead Laboratory of Chemical Enzymology. 
You will be concerned with detailed studies of the 
regulation of plant metabolic processes and of the 
enzymes involved. There will be extensive use of radio 
isotope techniques. You will be expected to have know- 
ledge of and experience in a variety of biochemical 
techniques. You should have a good Honours degree in 
Biochemistry or Plant Physiology, and preferably a 
PhD. Chemistry post-graduates will also be considered 
if their studies have involved a substantial amount of 
plant biochemistry and enzymology. The level of 
appointment will depend upon your background and 
experience; the salary will be competitive. Please 
write or telephone for an application form to Shell 
Research Limited, Recruitment Division (N), 
PNEL/34, Shell Centre London SEr 7NA. Tele- 


phone 01-934 2948. 
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AUSTRALIA 


New South Wales 
Department of Agriculture 


ENTOMOLOGIST 


Agricultural Research Station, 
Narrabri 


Applications are invited for the above position. 


Salary : 


$A7 287 per annum range $410,953 per annum but Entomologists 
with post-graduate experience and/or qualifications eligible for 
payment of salaries up to $A12,619 per annum. Further progres- 
sion to higher salaries is available subject to meeting certain 
specified conditions. 


Qualifications : 


Degree in Agricultural Science of equivalent but post-graduate 
qualifications and experience highly desirable. 


Duties: 


Investigation of insect pests of economic iimportance to the 
cotton industry in New South Wales with particular regard to 
developing suitable integrated pest control measures. 


Location : 
The successful applicant will be initially located in the 
Entomology Branch, Biological and Chemical Research Institute, 


Rydalmere, Sydney, for a short period before subsequent location 
at the Narrabri Agricultural Research Station. 


Subject to certain conditions the successful applicant will be 
eligible for:— 


Payment of fares to Sydney 
Financial assistance towards cost of removal expenses 


Financial assistance 
towards cost of initial accommodation expenses 


For further information and application form telephone or write 
to the Recruitment Section, New South Wales Government 
Offices, 66 Strand, London WC2N 512 (Tel: 01-839 6651 Exten- 
sion 194) where applications close on FRIDAY, 27th SEPTEMBER, 
1974. When telephoning or writing please quote reference 44/570. 


(884) 


ANTARCTIC EXPEDITION 


requires an OBSERVATORY PHYSICIST to serve at British stations 
in Antarctica. Fhe tour of duty covers two Antarctic winters involving 
an absence from the United Kingdom of about 24 years. The 
successful applicant will be required to work on his field data for up 
to a year after his return. 


Qualifications: Preferably a First or Upper Second Class Honours 
degree but an ordinary degree with experience or appropriate H.N.D. 
will be considered. 


Starting salary from £1,793 per annum rising in scale to £2,889 
per annum. Low income tax, free messing, bonus for satisfactory 
service, 


Applicants must be single and aged 22 to 30. 


If you are interested in seeing a largely unknown, reméte and 
fascinating part of the world, please write to: 
The Establishments Officer, 
British Antarctic Survey, 
30 Gillingham Street, 
London SWIV IHY. 
Tel: 01-834 3687. 








UNIVERSITY COLLEGE DUBLIN 
APPOINTMENT IN 
AGRICULTURAL CHEMISTRY 


Applications are inviied for a teaching post 

either as: 

(a} COLLEGE LECTURER, or 

(b) ASSISTANT LECTURER 
in the Department of Agricultural Chemistry. Candi- 
dates should be Graduates in Agricultural Chemis- 
try, Chemistry, Biochemistry, Microbiology or 
Agricultural Science, with a Ph D. and preferably 
with some tcuching and research experience. 

The current salary scales ure: 

Colluwe Lecturer £3,514 by EIOZ to £4,648 
Assistant Lecturer £2,426 by £129 to £3,523, 

Entry point on the relevant scale wil be in 
accordance with qualifications and expurience. 

A non-contributory pension scheme and famils 
allowances arc additional ta salary. An aldermative 
contributory FLS SU type scheme is also avaliable. 

Prior to applikation, further information Gn- 
eluding application procedure} should be obtained 
from: 

Mr J. P. MacHale. 
Secretary and Bursar, 
University College, 

Belfield, 

Dublin 4. 

Telephone 693244 Extn. 431. 

Latest date for receipt of completed application 
is September 16, 1974. (840) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF BOTANY 
POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited for a Postdoctoral Re- 
search Assistantship in the Depuriment of Botany 
to work on an S.R C. sponsered research pro- 
ramme concerned with the hormonal regulation 
of nitrogen fixation in higher plants. Preference 
wilf be given to applicants with previous experience 
of the biochemisiry and/or physiology of plant 
growth hormones. 

The appointment will be for ome year in the 
first instance, from October 7, 1974. and the 
Starting salary will be mot more than £2,998 per 
annum plus FS SU, benefits, 

Applications, with cusnculum vitae and the 
names of twa referees. should be sent mot later 
than September 6, 1974, to Dr C. T. Wheeler, 
Department of Botany. University of Glasgow, 
Glasgow GI2Z 8 OQ. 

In reply please quote Ref. No. 3532M. (854) 


UNIVERSITY OF THE WEST INDIES 
TRINIDAD 


Appheations are invited for (a) LECTURESHIP 
or ASSISTANT LECTURESHIP IN CROP PRO. 
DUCTION in the Department of Crop Science, 
tenable from January 1975. Applicants should 
possess a higher degree in Agriculture or Plant 
Science, and experience in teaching and research 
on tropical crops. Experience in management af 
plantation and field crops in the Caribbean arcu 
is considered desirable but mot essential. Salary 
scales: ďa} TYT$12.612 to TYT$20,316 pa. th) 
TYT$10,200 to TYS$11,232 pa, (£I sterling = TTS$4.8). 
FSS U. Unfurnished accommodation at rental of 
10% of salary. Thereafter 20% of salary paid in 
Heu of housing. Family passages; study leave, 
Detaled applications (6 copies). including a 
curriculum vitae and naming 3 referees, should be 
sent by airmail, as soon as possible, to the Seere- 
tary, University of the West Indies, St Auyustine, 
Trinidad, Detailed particulars of the post wll be 
sent to all applicants. (819) 


ronan: 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


ONE LECTURER AND ONE 
SENIOR TUTOR IN 
EXPERIMENTAL PHYSICS 


Applicants with experience in one of the follow- 
ing areas will be preferred: Beam fail spectroscopy: 
environmental! (hydrodynamic modelling) physics; 
ionaspheric physics: microwave and molecular 
physics. 

Salary: Leoturer within the range $A9,002 to 
$A12,352 per annum: Senior Tutor within the 
range $A7,545 to $A9,002 per annum. 

Other Benefits: Superannuation similar to 
FoS.S.U.. housing assistance. and travelling and 
removal expenses, Lecturer also entitled ta study 
leave. 

Additional information and application forms are 
Sbtainable from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCLH OPF. 

Apphecations close m London and in Brisbane 
on September 36, 1974. (856) 
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UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 


Applications are invited. from members of the 
University and teachers in Schools of the University 
for grants from the Central Research Fund to 
assist specific projects of research and for the 
provision of special materials and apparatus. Grants 
‘are fot made for normal maintenance. Applications 
must next be received not jater than September IS. 
Forms of application and further particulars may 
be obtained from the Secretary to the Central 
Research Fund, University of London, Senate 
House, London WCIE 7HU. (846) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 
Applications are invited for a RE- 
SEARCH ASSISTANTSHIP in the Depart- 
ment of Therapeutics at Ninewells Hospital, 

Dundee. 

The appointment, which will be for three 
years, will involve work in a research 
project on the effect of drugs on red blood 
cells and the protective effects of the 
enzyme systems. 


The candidates should possess a good 


Honours Degree in Biochemistry. The 
initial salary will be £1,680 per annum. 

Informal enquiries may be made to Dr 
G. R. Tudhope, Department of Thera- 
ee Ninewells Hospital, Dundee DD2 
1 3 

Applications, quoting Ref. EST/53/74]. 
together with a curriculum vitae and the 
names of two referees, should be sent to 
The Secretary, The University, Dundee 
DDI 4HN, by September 13, 1974. (847) 





UNIVERSITY OF 
NEW SOUTH WALES 
SCHOOL OF MICROBIOLOGY 


LECTURER 


High academic qualifications required, together 
with training, research and teaching experience in 
the general field of microbiology. Appointee will 
participate in a number of microbiology courses 
offered to science, food technology and medical 
students. 

Salary: $A9.002 range $A12,352 per annum. 
Commencing salary according to qualifications and 
experience. Appointment to commence during 
February 1975, 
Details of appointment, including superannua- 
tion, study deave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF, 

Applications olose in Australia and London On 
September 26, 1974. (857) 


"Triewnenetmentnreascunstatrinirieieastactnteneinsirtireteninanna Alin eeanuicntinterrinnshim ha reaa 


PUBLIC HEALTH LABORATORY AND 
DEPARTMENT OF MICROBIOLOGY 


CENTRAL MIDDLESEX HOSPITAL 
Park Royal, London NWIQ 7NS 


VIROLOGY 
TECHNICIANS 


required to work in a new microbiology laboratory. 
There are excellent facilities for routine and re- 
search work in this well equipped laboratory which 
includes an ultra centrifuge and electron micro- 
scope, 

Applicants should possess a H.N.C. or equivalent 
qualification, but experience in virology is not 
essential, The successful applicant will be encour- 
aged to study for the advanced examination in 
virology, 

Whitley Council salary and conditions. 

Apply in writing to the Director, Dr C. E. D. 
Taylor, (867) 


WEST BERKSHIRE HEALTH 
DISTRICT 
MEDICAL PHYSICS 
TECHNICIAN 
for the modern Istotope Laboratory at the 
Royal Berkshire Hospital, Reading, for 
interesting work in the chemistry and 
physics of medical isotope techniques. Post 
will be on Grade V or Grade IV (£1,308 ta 
£1,667 or £1,530 to £1,953). Day release for 
further training possible. (Normally O.N.C, 
or 2 ‘A’ levels required.) 

Reading is a pleasant University town 
offering easy access to London, Oxford, 
Windsor, Henley and attractive surrounding 
countryside, 

Written applications with relevant details 
and naming 2 referees to Hospital 
Secretary, Royal Berkshire Hospital, 
London Road, Reading, (862) 





UNIVERSITY OF BRISTOL 
LONG ASHTON RESEARCH STATION 


SCIENTIFIC OFFICER 


required to work in the Microclimatology Section. 
Applicants should have some knowledge of environ- 
mental physiology, cropping systems and scientific 
instrumentation. Part of the work will be done in 
France. Qualifications: Pass Degree, H.N.C. or 
equivalent, Salary in scale £1,592 to £2,675 accord- 
ing to qualifications and experience, with non- 
contributory superannuation «scheme. 


Applications by September 25 to Secretary, Res 


search Station, Long Ashton, Bristol BSIS. 9AF, 
who will provide further particulars of the Po) 


POLYTECHNIC OF THE 
SOUTH BANK 


FACULTIES OF SCIENCE AND 
ENGINEERING 


RESEARCH ASSISTANTS 


Applications are invited for posts in the folow- 
ing areas of work: 

lonisation of Gasses. 
Polymer Science (Organo-Silicon Polymers, 
physical and chemical properties of polymers, 
or polymerisation processes}. 
Chemistry (Peptide Chemistry or 
Metallic Chemistry). 
Control Engineering (stochastic processes ap- 


Organo- 


plied to the optimisation of industrial control - 


systems), 
High-voltage Engineering (mechanisms of die- 
lectie breakdown by discharge and use of non- 
destructive tests for electrical insulation). 
Applicants should be graduates in appropriate 
subjects, who wish to take a higher research degree. 
Appointments ate normally for three years on a 
salary scale currently: 
£1,648.40 to £1,758.40. 


Application forms and further details from the 
Clerk to the Council (Room 720), Polytechnic of 
the South Bank, Borough Road, London SEI OAA. 
Tel. 01-928 8989. (865) 








UNIVERSITY OF READING 


DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 


RESEARCH DEMONSTRATORS 


required to do research for a higher degree in the 
following areas: 

(a) with Dr B, A. Nicholson on the structure 
and functions of RNA Polymerase; 

(b) with Professor G. M. H. Waites on the 
metabolic control and endocrinology of the 
mammalian testis and epididymis. 

Candidates should have a good Second Class 
Honours Degree in a relevant subject. The pasts 
will be for three years with the possibility of ex- 
tension and involve about 12 hours demonstrating 
per week during term time. Salary £1,122 by £54 
to £1,230 p.a. plus threshold payment. 

Apply with names of two academic referees to 
Professor G. M. H. Waites, Department of 
Physiology and Biochemistry, The University, White- 
knights, Reading RG6 2AJ, or ring Reading 85123 
extn. 7675. (Ref: TN70). (864) 





UNIVERSITY OF RHODESIA 
FACULTY OF SCIENCE 
LECTURESHIP IN 
ANIMAL NUTRITION 


Applications ure invited for the post of Senior 
Lecturer or Lecturer in Animal Nutrition in the 
Department of Agriculture. Candidates should have 
at least an honours degree in Biochemistry or Agri- 
cultural Science, together with relevant research 
experience and knowledge of animal nutrition, A 
special knowledge of ruminant nutrition would be 
of substantial advantage. 

Salary Seales (Approx. Ste. equivs.): Senior 
Lecturer: £5,484 by £219 to £7,239; Lecturer Grade 
i: £4,984 by £184 to £5,720: Lecturer Grade H: 
£3,071 by £158 to £3,545 by £175 to £3,895 by £185 
to £4,635 by £174 to £4,809. 

Family passages and allowance for transport of 
effects on appointment. Installation Joan of up to 
half of one year's salary if required. Unfurnished 
University accommodation guaranteed for a period 
of at least three years for persons recruited from 
outside Rhodesia. Sabbatical and triennial visits 
with travel allowance. Superannuation and medical 
aid schemes. 

Applications: (6 copies) giving full personal par- 
ticulars (including @full names, place and date of 
birth, etc.) qualifications, experience and publica- 
tions, and naming three referces. should be sub- 
mitted by September 30, 1974, to the Assistant 
Registrar (Science), University of Rhodesia, P.O. 
Box MP 167, Mount Pleasant, Salisburv, Rhodesia, 
from whom fyrther particulars may be obtained. 
Applicams from outside Southern Africa should 


send a copy of their application to the Association 


of Commonweaith Universities (Appts 36 Gordon 
Square. London WCIH OPF, from whom further 
particulars may alsap be obtained. (855) 








THE UNIVERSITY 
OF MANCHESTER x 
Institute of Science and Technology- 
DEPARTMENT OF a 
OPHTHALMIC OPTICS 


ANIMAL TECHNICIAN _ 
(GRADE 4) 00 oao 
(Ref. O/128/AD 


Applications are invited for the post of- 
Animal Technician in the Visual Sefences o fo. 
Laboratories of the above department, of. 

Duties will involve the care of a variety po 
of animals including monkeys, assistance: op. 
with research involving animals and organi- pooo 
sation of breeding programmes. een bere 

In addition some assistance with physio-~ f: 
logical demonstrations will be required. = copot 

Appropriate experience is essential and op. 
membership of the Institute of Animal. 
Technicians is desirable. ca 

Salary scale, according to age and. 
experience will be £1,848 to £2,163. Š 

Forms of application are obtainable from: 
the Registrar, U.MJLS.T., P.O. Box 88. 
Sackville Street Manchester M60 10D, to 
whom completed forms should be returned 
by September 13, 1974. (842) 
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required by private company carrying 
out a wide variety of diagnostic at 
experimental pathology, A.I.M.L: 
or similar qualifications, MICR 
BIOLOGIST also required to 
department. Applications in w 
to The Personnel Manager, Wickha 
Laboratories Limited, | Wincheste’ 
Road, Wickham, Hants POI7 SEU. 


SOUTH WEST THAMES {> 
REGIONAL NUCLEAR» = [| 
MEDICINE CENTRE, ROYAL | 
MARSDEN HOSPITAL, | 
DOWNS ROAD, SUTTON, | 
SURREY ee e 


required to take part in a malti [o 
disciplinary study of radiopharma- — 
ceuticals used to localise tumours and ~ 
study their metabolism. Candidates 
who should be graduates in a | 
physical or biological science will be a es 
expected to undertake some routine 
work within this large modern and |. 
well-equipped department. Salary is { 
(basic scientist grade). ers) 
qualifications, a 


















Ma 












THE POLYTECHNIC 


BIOCHEMIST or OF 


NORTH LONDON 


CE L L B [ Q LO G i ST, Holloway, London N7 8DB 


Applications are invited from graduates 


with a good Honours Degree for appoint- 
ment as RESEARCH ASSISTANT to work 
in the Held of Cytogenetics (with special 
reference to polymorphic gastropods). The 


successful candidate will be expected {to 
read for a higher degree. The post will 
i : ; commence in January, 1975, 
Pharmacia Fine Chemicals AB, manufacturers of commence in January 
: : Salary scale: £1,544 by £55 by £1,654. 
SephadexR and other products for biochemical 


Apply in writing, stating qualifications 


narrate i wmneryeat . J T | and the names of two referees, to: Head of 
separations, require a biochemist or cell biologist aranan of aleek The Eolviceenle of 
j oy. na j. ; l North London, Holloway Road, London 

to work at our headquarters in Uppsala, Sweden. Aa eae 





The successful applicant will join our Scientific RESEARCH SCIENTIST 

(BIOCHEMISTRY) 
Ref: RES/73/7 

of the group include (RE-ADVERTISED) 


Qualifications: Ph.D. degree in biochemisiry 

immunology or physiology. Experience with investi- 

Py. T atie ; te’ roryti ti gations in insect science would be an advantage. 

* the preparation of all kinds of scientific This position is open fo young postdoctoral 

: ; i scientists who have interest in immunology, enzyme 
information material biochemistry, or immufochemistry. 

Responsibilities: The successful candidate will be 

required tu collaborate in the investigation of the 

Arii i ; tin: tsetse salivary gland physiology and is relationship 

* applications work and laboratory testing to the immunology of resident trypanosomes, 

Salury: Not Jess than 44,000/-. 


Information and Technical Services group. The activities 





of new products Other benefits uiclude a len per cent gratuity 
of basic salary, a house allowance and medical 
i insurance, 
* lecturing Date of appointment: Immediate. 


Applications, in six copies, should give the 

following information: General education, Profes- 

but applicants should be prepared for extremely varied sional qualification, experience, marital status, age, 
present salary and terms of service, and names and 

addresses of four referees (including a personal 


work and certain amount of travelling, mostly reference}, Photostat copies of relevant Uranseripis, 
thesis abstracts and certificates should be enclosed, 
within Europe. Applications should be addressed tor 


The Administrative Officer 
ICIPE Research Centre 
P.O. Box 30772. 


: . , NAIROBI, Kenya. (863) 
Applicants should have research experience in = 
biochemistry or cell biology. Clear and accurate MONASH UNIVERSITY 
, ; ; Melbourne, Australia 
expression in the written word is essential with English DEPARTMENT OF GENETICS 


LECTURER 


Candidates should have suitable qualifications 
and experience in some branch of Genetics. The 
Department already has appointments m microbial 

Fame ve : , +41 ; : 7 genetics, population genetics and cytogenetics agd 
This is an important position and carries an appropriate preference may be given to applicants who afe 
qualified in one or another of these aspects of 
fo i Geneties. The successful applcant will be expected 
salary Preferred age 25 to 30 to initiate and supervise research and conduct 
classes in the general area of his specialty as well 
as assisting in the general teaching programme of 
the Department, 


as the Mother tongue. 


Write in confidence to: Salary Scale: $49,002 to $A12,352 per annum 
with superannuation based on gn endowment 
. assurance scheme the emplovee and employer con- 

Mr D. Sweetman tributing 5% and 10% respectively. 
Pharmacia (Great Britain) Lid . enefits: Traveling expenses for appointees and 
' family, removal allowance; repatriation after three 
years appointment if desired: temporary housing 
Par amount House for an initial period: availability of loans far horme 
: purchase; study heave entitlement accumulates at 
75 Uxbridge Road the rate of one month's leave for cach six months’ 
service up to six years, with provision for financial 

London W5 5SS SN ata 

° Further general information and details of appli- 


cation procedure are available from the Academie 
Registrar, Monash University. Wellington Road, 
. C} Clayton, Victoria 3168. Australa. or the Secreiary- 
Pharmacia General, Association of Comreonwealth Universities 
7 R (Appts), 36 Gordon Square. London WCIH OPF, 
Fine Chemicals qru about departmental research interesis and 
. aciiities to Professor B. W. Holloway in the 
a University. 
e (885) Closing Date: September 36, 1974. 

The University reserves the right to make no 

appointment or to appoint by invitation. (873) 
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-` NORTH MIDDLESEX HOSPITAL 
z 7 CLINICAL CHEMISTRY DEPARTMENT 


. Applications are invited from graduates in Bio- 
chemistry, Physiology or Chemistry or a vacant 
“post in this department. 
O The post will provide wide experience im routine 
hospital work, and will allow opportunity to 
develop methods in a specialist field such as lipo- 
protein investigations, radioimmunoassay or steroid 
Chemistry, 

Applications or enquiries should be sent to: Dr 
Dangerficld, North Middlesex Hospital, Silver 
Street, Edmonton, London NIRB 1QX. (870) 









































M.R.C. CLINICAL RESEARCH 
CENTRE 
(Northwick Park Hospital) 


Watford Road, Harrow, Middlesex HAI 3UJ 

The Division of Psychiatry require a BIO- 
CHEMICAL PHARMACOLOGIST with post- 
graduate experience to join a team of clinicians 
and biochemists working on metabolic disturbances 
in the functional psychoses and the mode of action 
of psychotropic drugs. It is intended that the 
candidate oppointed will develop a particular in- 
terest in the metabolism of psychotropic drugs but 
may also collaborate in projects on mechanisms of 
action. An interest in developing new assay tech- 
niques would be an advantage. Conditions of 
service in accordance with M.R.C. regulations. 
Salary depending upon age and experience. 

Further details and application forms may be 
obtained from Mrs J. Tucker-Bull. 

Please quote ref. 125/1/Y5. (871) 


HISTOLOGY 
TECHNICIAN 


required for Pharmacological and Toxico- 
logical Laboratory. Experience essential in the — 
preparation and processing of animal tissues. 
Good working conditions. Pension and As- 
Scheme. | 


Secretary, 


surance Application forms from: 


The Laboratories Lid., 
London NI 


(876) 


Biorex 


Biorex House, Canonbury Villas, 
= QHB.. l 


UNIVERSITY OF MELBOURNE 
LECTURESHIP 


(Limited Tenure—Three Years) 
in the 
DEPARTMENT OF PHYSIOLOGY 


This appointment is to be made to assist in the 
development of a neurosciences training programme 
within the Department of Physiology. in this pro- 
gramme we aim to provide a co-ordinated course 
of study of the functions of the brain (in physio- 
logical terms). The course commences in the third 
year of the science course, continues through the 
honours year and also provides supervision of 
research activities and course work for postgraduate 
MSc. and Ph D. students. The appointee will 
participate in this programme together with four 
other staff members. A separate neurophysiology 
laboratory is to be used for laboratory work for 
undergraduate students, but postgraduate students 
“will work and be supervised in the research labora- 
tories of the Department. 

The research facilities uvailable in the Depart- 
ment for the study of brain function have recently 
been considerably expanded with the setting up of a 
sensory processes laboratory (1. Darian-Smith and 
K. O. Johnson). Neurophysiology and expcrimental 
psychology laboratories of this unit provide facili- 
ties for correlative studies of cutaneous sensibility 
and the underlying neural events as observed in 
human subjects and monkeys. Each laboratory has 
independent access to a PDP11/40 computer system. 
In a second research laboratory, also with computer 
facilities, functions of the limbic system are being 
“studied (J. S. McKenzie) by correlating neural 
events with motivated behaviour. 

Applicants should have teaching and research 
experience in neuro-science and cither a Ph.D. 


in this field, or an equivalent qualification. 
Salary: $A9,002 to $412,352 (US$13,360 ‘to 
US$18,300 as at July 26, 1974). 
Commencing Date: January 1, 1975 or as soom 


as possible thereafter, 

Further details may be obtained from Professor 
L Darian-Smith. Department of Physiology in the 
University. Details of application procedure together 
with conditions of appointment may be obtained 
from the Registrar, University of Melbourne, Par 


. Wille, Victoria 3052, Austraka, or from the Associa- 


. tion of Commonwealth Universities 
Gordon Square, London WCIH OPF. 
Applications close on September 20, 1974. 

ae — (8 


(Appts), 36 


72) 











HERIOT-WATT UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Applications are invited from persons 
holding good honours degrees in Chemistry 
for an S.R.C. (C.A.S.E.) RESEARCH 
STUDENTSHIP in Haison with Nuclear 
Enterprises, Edinburgh. The studentship, 
tenable for three years, is available from 
October 1, 1974. The successful candidate 
will register for the degree of Ph.D. and 
will work under the joint supervision of 
Soutar and Dr. W. Steedman. The 
project is concerned with various aspects, 
the efficiency of plastic scintillator materials 
and will involve both the formulation of 
novel plastic scintillator systems and their 
evaluation using fluorescence and other 
techniques and will provide a broad ex- 
perience in polymer chemistry research. 

Applications should be sent to Dr wW. 
Steedman, Department of Chemistry, 
Heriot-Watt University, Riccarton, Currie, 
Edinburgh EHI4 4AS, from whom further 
information may be obtained. (B60) - 


Dr. 1}, 


THE ROYAL MARSDEN HOSPITAL 


Fulham Road, London SW3 


Applications are invited for oa ROYAL 
MARSDEN FELLOWSHIP for training and re- 
search in Clinical Immunochemistry as related to 
malignant disease. Suitable for persons wishing to 
pursue a career in Clinical Oncology or Pathology. 


Arrangements have been made for successful 
applicant to take the M.Sc. Course in Immunology 
at Birmingham starting October, 1974; and then 
to spend two years in the ‘Division. of Tumour 
Immunology of the Institute Of: Cancer Research 
at Sutton, Surrey. 


Salary on Registrar 
(Non-resident post). 


Scale — “3, 198 to £3,879) 


Application forms are available. IERA the Deputy 


House Governor at the above address: (telephone 
352 8171 ext. 205) to whom- they 
returned by September 9, 1974. 





APPLIED PLANT PHYSIOLOGY 
CAMBRIDGE UNIVERSITY 
DEPARTMEN? OF APPLIED BIOLOGY 


invites graduates in Botany, Agricultura! Botany 
or other relevant subject to apple for a Ministry 
Postgraduate Agricultural Research Studentship 
tenable from October 1974 to extend research on 
the physiological basis of varietal 
yield in oi] Seed rape. Applications with full 
personal particulars and names and Soule of 
two referees should reach the Secretary; Department 
of Applied Biology, Downing Street® eee 
not later than August 30, 1974. (853) 


FELLOWSHIPS AND STUDENTSHIPS 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP IN PHYSICAL 
BIOCHEMISTRY 


Applications are invited from honours graduates in Chemistry and Bio- 
chemistry for studies on the physical biochemistry of enzymes. The nature 
of the award will be equivalent to an S.R.C. Studentship and the candidate 
will be able to register for a Ph.D. degree. 


Applications giving curriculum vitae and the names of two referees m 
be sent by August 31 to Superintendent, 
Tennis Court Road, Cambridge CB2 1QW. 





tary of the 


she be 
(880) 


‘the scale £2.226 by £114 to £2 


differences in- 






Department of alah 


UNIVERSITY cor n 


POSTDOCTORAL ae Swen or 
RESEARCH ASSISTANTSHIP | 


Applications are invited. for? 
ship or research assistantship 
the National Science Counce 
nitrogen fertiliser use by crops. 


Applicants should have amo ‘honours: deg 


agricultural science, chemistry. ‘bioche 
microbiology. The initia appointment, 
mences on October I 1974, will for 


years. Salaries will 
doctoral fellowshi 
on qualifications f 


Applications, ; j 
experience, should þe sent 
Dr M. A. Morgan, Dept. 1 
and Soil Science. University College Dublin 
of Agric ~ulture, Glasnevin, Exablin 9, 


‘UNIVERSITY OF EXETE 3 
. DEPARTMENT OF CHE R 


Applications àre “invited for an S. RC. 
POSTDOCTORAL RESEARCH FELL 
structural “studies of nematic liquid: 
X-ray diffraction: “The appointment is 
two years at a salary of up to £2,247°w 
annuation benefits, depending on. ag 
ence, The Research Fellow will join a gr 
ing on the structure: and dynamics. of: 
solids and ordered — liquids. by. Koray, Eer : 





scattering ght a E E 
computing would be Advantagpoi $ 


Applications, with 
showd be sent, i : 


aaen s Drive, | Ex net 


copied are invited far ‘the ‘post of 
doctoral Fellow in Plant Biochemistry, | 
with Professor J. Friend and Dr D. R 
on the molecular structure of potato cell. “wall 
relation to pathogenesis. 


from ‘October Rises 
thereafter, l 


Salary (excluding threshold. ue 


1974, or as soon as. 


plus F.S.S.U. benefits. 


Applications (three: copies 
qualifications and 
names of two referees tü 
9. 1974 to the Registrar: 
Hult HUG 7RX from. hoa “further 
may be obtained. — 





A temporary professorship (H2, 
graphy is available from October 1, 


geoscientists. The holder of 


Applicants 


Fachbereich Geowissenschaften 
Lahn, Lahnberge, 


OPTICAL FIBRE COMMUNICATIONS 


Communication by optical fibres is a rapidly 
expanding new technology which is being widely 
taken up by industry. The Laser research group at 
Southampton, comprising some 1S research work- 
ers, has been engaged in this field for some years 
wilh support fram Science Research Council, in- 
dustry and elsewhere. We have already announced 
world records for low transmission loss and high 
bandwidth in our fibres and wish to expand the 
present research team. Applications are therefore 
invited for s number of research fellowships. in- 
cluding a Pirelli Fellowship for work in colabora- 
tion with industry, at salaries Inked to the scale 
for Lecturers in the range £2,118 to £3,462 plus 
threshold payments. Persons with an interest in 
any aspect of the subiecti are eligible, Applications 
giving details of education, experience and the 
names of two referees should be «sent to the 


Deputy Secretary's Section, The University, 
Southampton SOS SNH. Please quote reference 
No 231/R. (7343 


Philipps-Universitat Marburg /Lahn, West Germany 
ca. 3,100,--DM monthly) for Crystallo- 


1974 to September 30, 1976 with the 
possibility of extension till September 30, 1978. 


Applicants will be required to work in one of the fields of theoretical 
crystallography, structure determination methods or theoretical solid state 
research, and should be able to teach in these fields, 
would be requested to give an introductory course in statistical methods for 
the professorship is 
Sonderforschungbereich ‘“Kristallstruktur und chemische Bindung”. 


with corresponding scientific 
experience are invited to send in their application (curriculum vitae, giving 
in particular details of their scientific career and previous teaching activity; 
list of publications, with a selection of important reprints) to the Dean. 
der Philtpps-Universitat, 
before Septernber 15, 1974, 


In addition, they 


a member of the 


qualifications and teaching 


355 Marburg/ 


(858) 


UNIVERSITY OF ABERDEEN 


UNIT FOR RESEARCH ON ADDICTIVE 
DRUGS 


A SRC. Studentshin (Co-operative Award im 
Science and Engineering, ©.A.8.E.) will become 
avaliable on QOotober 1, 1974. It is tenable for 3 
years mo co-operation with the Pharmaceutica! 
Division of Reckitt and Colman Ltd., Hull, and 
is open to Firat and Upper Second Class Honours 
Graduates in Pharmacology, Biochemistry or 
Physiology, Phe research projeut is concerned with 
the action of newly-synthesised moarphine-lke com 
pounds an neurotransmitter release and an be- 
havioural patterns in normal and morphine-depen- 
dent animals. 

Aprimcations (3 copies) to bo submitted to Pro- 
fessor H. KRasterliiz, Unit for Research on Addictive 
Drugs, Universitv of Aberdeen. from whom further 
particulars may be obtained, Marischal College, 
Aberdeen ABS IAS. not later than Sepiember 6, 
1974, (T89) 

















Nature Ve 


THE UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF CHEMICAL 
ENGINEERING AND FUEL TECHNOLOGY 


FIRE RESEARCH 


Applications are invited for the post of RE- 
SEARCH FELLOW to work with Dr D. J. Brown 
on BEHAVIOUR OF WOOD AND PLASTICS IN 
FIRES. Ths Fellowship, which will be available 
for 3 veers, is financed by a grant from the Fire 
Research Station, Department of the Environnicnt. 
Salary: on a scale up to £2.412 ner annam accord- 
img to qualifications and  expericnec. Further 
particulars from the Registrar and Secretary, The 
University, Shefficid S10 ITN, to whom applications 
(2 copies) should be sent by October 1, 1974. 
Please quote reference RIZ7/G. (8093 


ROWETT RESEARCH INSTITUTE 
BUCKSBURN 
ABERDEEN 


Applications are invited from Zoologists, Bio- 
chemisis or others from appropriate disciplines ta 
take up a J-weur A R.C. STUDENTSHIP toa study 
the amino acid requirements of insects and other 
organisms with potential as assay systems for food 
protein quality. A first or upper secund class degre: 
is réquired and the successful candidate wi! be 
expected to register with the University of Aberdeen 
for the Ph.D. degree. 


For further information, those interested should 
apply as quickly as possible, by telephone or 
letter, to: The Secretary, Rowen Research Institute, 


Bucksburn, Aberdeen ABZ OSB. Tek Bucksburn 
(0224-71) 2751, {887} 





FOR SALE AND WANTED 


Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM DAWSON & SONS LTD. 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 

Tel: Folkestone 57421. (1 





SUBSCRIPTI ION- - 


The publishers appreciate that the 
inevitable high cost of an annual subscrip- 
ton to Nature restricts many regular 
readers to a circulation or library copy of 
the journal; these readers unfortunately do 
not enjoy the privilege of a personal copy 
to read at leisure and to keep for future 
reference. 


= To help such people we are making an 
offer (for a limited period) of a twelve 


months subscription for only £15 on 
condition that application is made on and 
within the terms described on the coupon 
attached. Wereqretthatforthe time being this 
offer can only be made to people with 
addresses in the U.K. and that it will be 
withdrawn on 31st October 1974. 


if this experiment is 
hope to be able to repeat 
over a wider area. 


successful, we 
it and extend it 





Nature 


PERSONAL REDUCED RATE 
SUBSCRIPTION ORDER FORM 
(Valid only if completed before 31st October, 1974) 


R. Alexander, 

P. & R. Department, 
Macmillan Journals Limited, 
4 Little Essex Street, 

London WC2R 3LF 


D, + oe amen sym raitaa anan ttn an Pari ne M AA it tr AMET OM SEAN eho mY bet r tn RAT AEA a aaa Ban NAS 


Please enter me for a year's subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 

| enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 
Limited. 

The address to which | wish the journal posted 
is my personal address. 





NAME 
ADDRESS 


- rererere e rH RRA Rea nA Aa men nara Sree 


et chic tnt inamtia ra o ner hae et 





Registered No: 785888 Éndah. a Sted Otic: 4 Life Eako St, London WC2R 3LF 
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Research 
without 
the use of 


LIVING 
animals 





Funds are urgently needed for equipping Tissue Culture 
laboratories and to sponsor scientists working on 
methods of orthodox medical research, especially 
Arthritis, without experimenting on living animals. 


Further details on request. 
Please send donations to: 


The Dr. Hadwen Trust 


for Humane Research, 


47 Whitehall, London SWIA 2BZ 
Tel: 01-930 7698 





Nature Index 1973 


The combined 1973 index to 
Nature, Nature New Biology 
and Nature Physical Science 
is now available. Price £1.25 (inc- 
luding postage). To obtain a copy 
please complete the coupon 


nature 
Department ASS, 


Macmillan Journals Limited, 
Brunel Road, Basingstoke, 
Hampshire RG21 2XS 


Please send me Nature Index 1973 
| enclose £1.25 


(Payment may be made in any currency at the current exchange tate. 
Orders must be accompanied by remittance. Cheques should be 
made payable to Macmillan Journals Limited). 





Name SRE er a eT 
PO a pest et ee ep 

Sa aa aaa —— ee 
Post Code Rea ete sere 


Registered No: 785998 England. Registered Office: 4 Little Essex St, London WC2R 3LF 
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Collected 
Nature 


These specially designed Binders make attrac- 
tive space-saving files for your Nature. Bound in | 
durable black imitation leather, lined with grey | 
deer skin and beautifully labelled, each binder 
will hold up to eighteen copies of Nature. Two 
volumes of Nature can be preserved in a single 
binder, (three binders wilt hold the six volumes 

| published annually) and there is a white space | 

| on the spine to enable you to mark each binder |} 
with your own reference to the issues it con- | 
tains. 
These binders are offered for sale singly for 
£1.85 or in packs of three for £5.00. Both prices | 
include postage by surface mail and V.A.T. To | 

| order please complete the coupon below and 

i return it with the appropriate remittance. 


| NATURE, Macmillan Journals ee Brunei Road, | 
Basingstoke, Hampshire RG21 2XS... 5 
Please send me: | l 
1 NATURE BINDER {i enclose £1.85) 
3 NATURE BINDERS (i enciose £5.00) | 
l (Payment may be made in any currency at the current rate of exchange) i 
Prices applicable only to orders received before the 30th June 1975. 
Orders can only be serviced if accompanied by remittance, cheques l 
| should be made payable to Macmillan Journals Limited. 


| Name PELTELER LYALL ETTE 6 8 06 Be Ok a NON SS Bb BONAR wala BYR‘ Aca gigvace bs ead ee | 
| Address hi; ye Aaa Wei ee aie eal oe a Aa Oe WR PRM Kea BY EE E EEE Re Siw Woke ea Pas eae a i 


see eee ROR RE eee Ree EERE READE REV ETH HEH HERTHA HERO HHEH EOE H REPRE ER HEE 


| Zip/Pogtal Code |. a. eer d 


l Registered No: 785998 England. Registered Office: 4 Little Essex St, Londen WC2R ILF 
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fal Hee ddia 


The intriguing tale 


ef the fat mouse. 


1,1’-BIS-(2-CHLOROETHYL)-4,4’-BIPIPERIDINE (BPM) 


BPM was prepared during work on antileukemic 
drugs.'? When incubated in 0.1M borate buffer, 
pH 9, at 37° for I hr., and then injected intraperi- 
toneally into female mice weighing 20g, BPM 
caused intoxication and loss of weight for 3 to 6 
days, followed by rapid accumulation of lipid for 
2 to 3 weeks, producing a weight gain of up to 
20g. A maximum of 60 to 70g (3 to 4 times the 
norma! weight) was reached in 3 to 4 months after 
* injection? The rate of increase in weight and the 
final body weights were proportional to the dose 
in the range of 5 to 50mg/kg.? BPM without incu- 
bation was inactive; its activation was attributed 
to the formation of a bicyclic ethylene immonium 
compound.) The action of BPM was antagonized 
by N-acetylcysteine,* as had also been found for 
gold thioglucose,* and resembled gold thioglucose 
in the induction of hypothalamic lesions.° The 
metabolic effects of BPM have been investigated.® 
The immonium form of BPM inactivated double 
and single stranded DNA and RNA phages, pre- 
sumably by forming inter- and intrachain 
cross-links.’ BPM increased the concentration of 
growth hormone and of prolactin in the pituitary 
glands and increased the weights of pituitary and 
adrenal glands, ovaries and uteri of mice in 
addition to causing obesity.“ 








-2HCI 


CICH-CH ON N ~CH,CH,.Cl 
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18,075-0 1,1’-Bis-(2-chloroethyl)-4,4’-bipiperidine 
dihydrochloride (BPM) 
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Should scientists be re-auditioned? 
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Should scientists 
be re-auditioned ? 


IN general artists live by their wits and survive through 
being productive. If they are painters they must continue 
to paint and sell. If they are musical performers they must 
continue to keep a high standard of performance—-in an 
orchestra that will mean a regular re-audition. It is a 
ruthless existence and yet one about which few of 
those involved in it, or even those who were once 
involved in it and have been left behind, feel bitter. 
There is often a feeling that the state should support 
an orchestra, an art gallery, a theatre, but rarely do 
individual creative or performing artists reckon that the 
state owes them a living. Indeed it is thought quite 
natural that they should move into teaching when they 
find their other abilities waning, without in any sense 
regarding teaching as an inferior profession. 

What is it about scientists and the scientific profession 
which makes the idea of something even remotely similar 
amongst themselves unthinkable? In certain trades and 
professions it is. possible to point to an accumulation 
of worldly goods which prevents any major changes 
in course--a taxi-cab, a workbench and tools, dental 
equipment. In others, more experience makes for greater 
capability as time goes on. Politicians, priests, bartenders 
probably feel that way. But a scientist neither owns his 
tools (beyond a relatively few books and journals of cur- 
rent use to him) nor demonstrably improves with age. 
unless he be in the business of cataloguing or collecting. 
Why then should he dig in for life, as he is very 
prone to? 

One reason, of course, is that it is a very pleasant life, 
involving lots of travel, and in terms of service many 
scientists are near to being self-employed without the 
financial responsibilities that self-employment involves. 
Another is that the outside world seems to offer a great 
deal less stability, if it offers anything at all. Yet another 
is that scientists often delude themselves that it is 
creditable to go on working on the same old problems, 
gradually chipping them away, when the very last thing 
that most scientific problems need is the attention of 
one man, often to the exclusion of others, for thirty 
to forty years. 

The community of older scientists must inevitably 
continue to grow for the foreseeable future and at some 
time governments, industry and academe are bound to 
have to ask whether the ranks of an ageing workforct 
can be allowed to continue to swell. This question is 
indeed being faced now by many institutions, world-wide, 
which sprang up in response to immediate post-war, de- 
fence needs. Academics can maybe justify themselves 
by increased teaching and administrative loads and a 
growing involvement in maintaining the standards .o¢ 











the college wine cellar. Others have no such outlet 


unless they are specifically plucked out of ‘science’ and - 
dropped into ‘administration’; and ‘this is said to be a- 


move that few are allowed to make. _ 

There is a case, then, for scientists to come up with 
some fairly concrete proposals on the employment of 
older members of the profession before the. government 
or other large scale employers step in with their own 
schemes for thinning the ranks. And perhaps some sort 
of re-auditioning system should be discussed in conjune-. 
tion, of necessity, with an extensive rethinking of the — 
career structure of scientists. It is obviously pointless to 
urge or even force someone out of his laboratory without 
any guarantee that other jobs can be found which do not 
involve a humiliating change. 

If at the present this is not so, then it is time that 
scientists as a community started talking seriously about 
their prospects. It is only depressing that in Britain at 
present there is not a suitable forum for this, although 
we suggest elsewhere in this issue (page 743) that the 
British Association ought to become a gathering of 
thoughtful scientists. Then ultimately it should be pos- 
sible to approach the government with rather specific 
proposals that every year a substantial number of intelli- 
gent, well trained and experienced men would be avail- 
able at ages between. say, 35 and 50 for redeployment— 
and what could be available within the public and 
educational sector? The answer would, of course, be 
nothing, but a start would have been made in asking 
important questions about skilled manpower. It is impos- 
sible to believe that in reality such men are unemploy- 
able when there is an apparent shortage of intellect all 
around, 

Many scientists would, we believe, welcome the oppor- 
tunity to use formal review points in their career, perhaps 
every five years between 35 and 50, to make a sideways 
step as a means of self-regeneration. In that way the 
audition could almost be a self-audition. But they should 
not expect jobs to be waiting for them unless they have 
done a lot of hard lobbying first. 


A hundred years ago 





On Friday evening M, Flammarion, the French astronomer, 
started from La Villette gas-works, Paris, in a balloon called 
Lumen, at half-past seven, with a brisk breeze from the north-west. 
The balloon was under the guidance of M. Jules Godard, 
and M. Flammarion, who was married in the beginning of 
August, was on board with his young wife ; he wishes to spend his 
luge de mielin Italy. Such atrip was proposed inthe beginning 
of the century to the celebrated Mdme, de Stael by the great 
philosopher, Saint-Simon ; but the lady declined. The moon 
was full and bright. 


From Nature, 10, 360, September 3, 1874. 
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has 
thered for the third time to develop 
new order in the sea. What in 1967 
started as a limited exercise to establish 
a regime for the seabed and the ocean 
floor beyond the limits of national juris- 
diction, has developed into a formid- 
able project whose objectives are to 
revise the whole philosophy of the law 
of the sea in an attempt to redress the 
balance between developing and deve- 
loped countries. It is 15 years since the 
completion of the four 1958 Geneva 
Conventions which tried to establish 
rules for the use of the seas and now, 
after a very short interval, even their 
essential postulates are in question. 
The old principle of the freedom of 
the seas which basically asserts that all 
States have equal rights to use the seas 
and which stood solid as a rock for 
more than 350 years is the object of 
serious attacks—the most dramatic 
change taking place is in the breadth 
of the coastal area over which various 
States claim sovereignty or jurisdic- 
tion; this may extend to 200 nautical 
miles (370 km) or to the outer edge of 
the continental rise if this feature goes 
beyond the 200 nautical miles. If this 
claim is accepted, more than 30 per 
cent of what today is high seas and 
which enjoys the freedom established 


community of nations 


in the 1958 Geneva Convention on the 


High Seas will come under the jurisdic- 
tion of coastal States—foreign vessels 
will have only the right of “innocent 
passage”. The other rights, including 
the one to conduct scientific research 
will disappear under this new concept. 
The main battle at the Caracas Con- 
ference is being fought in the Second 
Committee where the right of coastal 
States to establish an exclusive ‘“‘econo- 
mic zone” or “patrimonial sea” beyond 
its territorial sea is under consideration. 
At the time of writing, about 20 days 
from the end of the Conference, there 
are the following tendencies on this 
matter: 
(1) Territorial sea 
@ States which claim 12 nautical 
miles. The great majority of countries 
support this, but only if an economic 
zone of 200 nautical miles is accepted. 
This territorial sea of 12 miles, say the 
major maritime powers, may not im- 
pede transit through straits used for 
international navigation: 
© States which claim 200 nautical 
miles; Brazil, Ecuador, Panama, Peru, 
Somalia, Uruguay. 
(2) Economic zone or patrimonial sea 
@ States which claim an economic 
zone beyond the 12 miles’ territorial sea 
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Report from 
Caracas 


extending to 200 nautical miles enjoy- 
ing exclusive rights on exploration, ex- 
ploitation and management of living 
and non-living resources; on prescribing 
standards for the preservation of the 
marine environment; and on the regu- 
lation of scientific research: Argentina, 
Australia, Canada, India, Kenya, 
Mexico, Tanzania, Venezuela and 
many others. 

© States which accept 200 nautical 
miles economic zone but with certain 
conditions: (1) the coastal State will 
not necessarily have exclusive rights to 
living resources: that in order to ensure 
the full utilisation of living resources 
an obligation must be put on the 
coastal State to allow other States 
access to the resources which they do 
not utilise; (2) that the coastal State 
may enforce pollution standards agreed 
upon internationally but may not itself 
prescribe those standards unilaterally: 
(3) that the consent of a coastal State 
is not required to conduct scientific re- 
search once the vessels of other coun- 
tries meet certain specified obligations. 


(3) Definition and delimitation of 


continental shelf 

The difference is between those 
States wishing to include the con- 
tinental shelf in an economic zone of 
200 nautical miles and those States like 
Argentina, Australia, Canada, which 
will prefer to go beyond 200 miles to 
the outer edge of the continental rise 
if this is larger than 200 miles. 


(4) High seas and international seabed 
area 

The need for a Seabed Authority is 
being accepted by the majority of 
States but they differ on the role to be 
assigned to such an Authority. A great 
number of developing States want to 
empower it with the management of 
living and non-living resources as well 
as the protection of the marine envir- 
onment and regulation of scientific 
research. The great maritime countries 
want to endow the Seabed Authority 
with responsibility for the administra- 
tion of the exploitation of the Seabed 
resources only. The system of exploita- 
tion, conditions of, exploitation, 
machinery, and economic implications 
of explgitation remain to be solved. , 

The specific proRlem of marine 
scientific research and transfer of tech- 


scientific research, 


nology is being dealt with in Committee 
HI., Here the discussions have concen- 
trated on the definitions and objectives 
of marine scientific research, and the 
conduct and promotion of marine 
including the right 
to conduct, granting of consent, parti- 
cipation and obligation of coastal 
States, and the general conditions for 
the conduct of marine research. 


It is generally accepted that the 
proper management of the marine 


environment and its resources depends 
upon knowledge of the sea—however, 
management-orientated research Is 
generally considered to be applied in 
nature; consequently the developing 
countries feel very strongly about the 
need to regulate such research, not 
only in the economic zone but also in 
the international sea. They feel less 
strongly about pure scientific research; 
but it is very difficult, if not impossible, 
to distinguish between pure research 
and economic or military research. 
The general tendency (particularly 
within the developing countries) is to 
regulate scientific research in the ter- 
ritorial sea and economic zone. Con- 
sent can be refused in the territorial 


sea but in the economic zone “shall 
not” or “may not” be withheld if some 
specified conditions are met. The 
stronger “shall not” is proposed by 
Ireland and “may not” by Mexico. 
These conditions are very similar to 
those recommended by the  Inter- 
national Council of Scientific Unions 


(ICSU) in its statement on freedom of 
scientific research and also the condi- 
tions being met within the Interna- 
tional Decade of Ocean Exploration of 
the Intergovernmental Oceanographic 
Commission. 

The conditions to be met can be 
summarised as follows: 

(a) Participation by developing coun- 
countries in all phases of the 
work (from planning to the final 
results). This condition is directly 
related to the problem of deve- 
lopment and transfer of tech- 
nology, about which developing 
countries feel strongly. 

Collected data and samples, as 
well as written up results, be 
made available as soon as pos- 
sible to the coastal State. 

That the research is being con- 
ducted for peaceful purposes. 

The present discussions seem to in- 
dicate that there is complete agreement 
on the need to establish a viable 
framework for the conduct of marine 
scientific research. CI 


(b) 


(c) 
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Oil platform question still confused 


by Eleanor Lawrence 


Tue British government has finally de- 
cided that some sort of planning policy 
is necessary to solve the vexed question 
of where in Scotland to build concrete 
gravity-type oil production platforms. 
But the statement may raise more 
problems than it solves. 

Mr Eric Varley, Secretary of State 
for Energy, proposes that a limited 
number of future sites should be taken 
into public ownership in order to: 

@ maximise their use 

@ avoid proliferation of sites 

@ ensure only the minimum amount 
of infrastructure (such as roads and 
housing) is built 

@ make sites available in good time 
for the best platform designs 

@ enable strict control to be exercised 
over the development and eventual 
restoration of the sites. 

But Mr Varley also emphasises that 
normal planning controls and pro- 
cedures will not be by-passed, and in 
this his proposals differ from those 
of the last government which proposed 
to short-circuit planning procedures 
but not to acquire the land. 

It is difficult to see how these two 
requirements will marry happily. On the 
same day that Mr Varley made his 
statement, the Secretary of State for 
Scotland, Mr Willie Ross, announced 
the results of the Drumbuie enquiry. 
This has ended in a victory for the 
National Trust and the villagers 
amongst others, since Mowlem/ Taylor 
Woodrow’s application to build Con- 
deep concrete gravity platforms at 
Drumbuie, on one of the most beauti- 
ful parts of the north-west coast of 
Scotland, was turned down on environ- 
mental grounds after a lengthy public 
enquiry. 

The result of the Drumbuie enquiry 
has both heartened and confused the 
environmentalists. Mr Ross said in his 
statement that he was not persuaded 
that the possible national gains de- 
pended solely on the Condeep design 
which Mowlem/ Taylor Woodrow 
wished to build. This design can only 
be constructed at the very deep water 
sites in that area. The fact that the 
Drumbuie land is owned by the 
National Trust was also an important 
factor in the decision, since even if 
permission had been granted, parlia- 
mentary approval would have been 
needed. But Mr Ross also said that 
the official Reporter for the enquiry 
had examined five other sites nearby 
and had concluded that all were, or 
might be, suitable. There is already 
an application by Howard/Doris to. 
build gravity platforms at Loch Kis? 
horn further up the coast; this has 
been approved in principle by the local 
authority and objections are being con- 


sidered by Mr Ross at the moment. 

What confuses environmentalists is 
that development anywhere in the area 
will potentially be equally as destructive 
as at Drumbuie, since other sites under 
consideration (such as on the Crowlin 
Islands in the strait between Skye and 
the mainland) are even more remote 
from road and rail communications 
and are so near Drumbuie that the 
same social objections can also be 
made. Mr Ross has refused a public 
enquiry at Loch Kishorn on these very 
grounds——that the objections are so 
similar that they need not be debated 
publicly once again. 

Mr Ross has also said that his criteria 
for choosing a suitable site are 
@ that it must have access to existing 
facilities 
@ that it can draw on an existing 
labour source 
@ that it can make use of existing 
infrastructure such as roads and ser- 
vices 
None of the Loch Carron area sites 
satisfies these criteria so the environ- 
mental groups opposing the Loch 
Kishorn application are hopeful. 

But Mr Varley has put the Condeep 
platform design on his list of ‘approved 
designs’ for which he is willing to ac- 
quire sites. For his purposes, approved 
means most favoured by the oil com- 
panies. And the only place in Scotland 
that Condeep can be built is at one 
of the Loch Carron sites, which have 
exceptionally deep water close to a flat 
shore area. 

For some time Condeep was thought 
to be the cheapest and best design for 
the deepwater oilfields but recent 
events have proved that this may not 


necessarily be so, and the image of 


Condeep as the saviour of the national 
economy is being challenged from sev- 
eral sides. 

A spokesman for the Conservation 
Society said that as far as the Loch 
Carron area was concerned, Mr Var- 
ley’s proposals were ‘“‘irrelevant’’ be- 
cause the society feels that the Con- 
deep platforms are unnecessary. Thev 
point to the very successful French 
design which McAlpine is building at 
Ardyne Point on the Clyde near Glas- 
gow. This Seatank platform can oper- 
ate in 600 feet of water but unlike the 
Condeep does not need very deep water 
close to the building site, and can be 
towed some distance for final assembly. 

Another blow to claims that the 
Condeep desig is uniquely suitable 
for deepwater operations came when 
Shell ordered an And&c_ concrete 
gravity platform for its deepest water 
site in the Bunlin field and Signal Oil 
chose a stee] design for its Thistle field 
because seabed conditions préved un- 
suitable for gravity platforms. Diffi- 
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culties have also been experienced 
during the construction of Condeep 
platforms, at the time when the base 
is submerged. It was found that when 
submerged, one of the hollow base 
cells cracked under the water pressure 
and the design had to be modified so. 
that the cells could be filled with: con- 
crete to overcome this. 

Mr Varley’s proposals could mes 
useful, however, in preserving the con- 
tinuity of work at east coast sites. o 
McDermott at Ardesier near Inverness 
has no more orders and the workforce 
faces redundancy as soon as present 
work is finished in a relatively short 
time. Mr Varley may find himself faced 
with the need to use his intended 
powers of restoration of the site and 
redeployment of the workforce: sooner 
than he thinks. 


Infrared telescope’ a 
for space shuttle 


THe NASA Ames Research Center has 
awarded a $400,000 contract to Hughes 
Airacraft Co. for a design study to be 
carried out for an infrared telescope 
which could be flown in the space 
shuttle. The contract specifies a point- 
ing accuracy of I’, and is expected to 
have an aperture in the range I to 1.5 
m, rather larger than the 36-inch in- 
strument which is the main tool of 
NASA’s existing flying observatory and 
is mounted in a C-141, 

According to a report in Aviation 
Week & Space Technology (August 
19), Michel Bader, deputy director of 
astronautics at Ames, describes the 
shuttle facility as “an extension of the 
C-141 programme”; but the new in- 
strument will have cooled optics and 
detectors, as well as appropriate 
changes for zero-g operation and other 
problems specific to the shuttle. 

Grumman Aerospace Corporation 
will be working with Hughes on some 
aspects of these problems, and the 
study will take at least a year. Work on 
the hardware may not begin until well 
into 1977. a 


























_ Sweden’s reactor 
roblems 


from Wendy Barnaby, Stockholm 


THE Swedes have not yet been notably 
successful in the efficiency of their 
nuclear technology. Current frustra- 
tions in the eight-reactor building pro- 
gramme now under way include altering 
the cooling systems of two reactors, 
replacing a fatigued metal part in 
another and putting up with delays in 
construction in a fourth. And there was, 
of course, the famous Marviken re- 
actor, whose design was so faulty that 
it could never be made operational and 
was converted to work on oil. (Critics 
of this waste of money labelled the 
project “the first oil-fuelled nuclear 
reactor in the world”; a designation 
quickly adjusted, during the oil crisis, 
to “the world’s first wood-fuelled-oil- 
fuelled nuclear reactor”). But now it 
seems that Sweden’s nuclear power pro- 
gramme is running into difficulties of 
quite another sort. 

Until the last couple of years, the 
large-scale development of nuclear 
energy in Sweden was accepted by the 
country without controversy. The con- 
sumption of electric power was pre- 
dicted to increase three-fold by 1990, 
but expansion of hydro-power, which 
provides 70% of all Sweden’s electricity, 
was regarded as a non-starter for en- 
vironmental and economic reasons. 
Coupled with Sweden’s poverty in coal, 
oil and natural gas, this problem put a 
high priority on the development of 
alternative energy sources. Nuclear 
power was the obvious choice. The 
government drew up plans to build 24 
reactors by 1990. The country was to 
approach the next century as the 
world’s leader in reactor capacity per 
capita. 
©- All this had reckoned without the 
activities of an increasingly vocal anti- 
nuclear power group, whose agitation 
caused parliament in May 1973 to sus- 
pend approval of the official plan until 
it had been presented with more com- 
prehensive information about reactor 
safety and radioactive waste. The par- 
liamentary decision did not affect the 
reactor in operation since 1971 or those 
already under construction, but post- 
poned consideration of the future of 
the other sixteen until next year. The 
advanced state of the programme has, 
in effect, solved the question of whether 
to have nuclear power. At issue now is 
how much Sweden should have in the 
light of current safety measures. 

The fact that Sweden has not yet 
signed a safeguards agreement with the 
~ International Atomic Energy Agency 
under the Nuclear Non-proliferation 
Treaty, and the significance that could 
have in a large-scale peaceful nuclear 


programme (especially after the explo- 
sion of India’s bomb), has not been at 
issue. To begin with, the Swedes are 
expected to initial a safeguards agree- 
ment next month; but, more impor- 
tantly, all the parties to the dispute 
agree that Sweden will not manufacture 
nuclear explosives. 

The dispute has caused an odd poli- 
tical line-up. The ruling social demo- 
crats and the conservatives both favour 
the large-scale development of nuclear 
energy, while the agrarian and com- 
mumist parties are against it. The anti 
lobby claims widespread public sup- 
port, quoting as evidence a survey 
commissioned by the State Power 
Board and private producers of energy 
last January, at the height of the fuel 
crisis, to find out whether people 
favoured nuclear power or not. The 
results were not made available to the 
press. Not until a ‘Friends of the Earth’ 
group forced their publication in June 
could it be ascertained that 59% of the 
sample had in fact opposed nuclear 
power. In spite of this support, how- 
ever, the anti group is worried about 
the plentiful funds being made avail- 


Inflation and 
Imperial College 


by Roger Woodham 


AT a time when many British universi- 
ties, notably Leeds, are reporting that 
they are in the red by hundreds of 
thousands of pounds, the Imperial Col- 
lege of Science and Technology in 
‘London is still firmly in the black, 
thanks to some wise financial manage- 
ment a year or SO ago. 

In the year ended July 1973, for 
example, the college spent some £11.8 
million but managed to salt away 
£635,000 to swell its reserves to 
£767,000. This was achieved by oblig- 
ing all departments to reduce their 
budgets by 6%. The result was that 
earlier this year, with plenty of money 
in the bank, the college was able to 
embark on a modest expansion pro- 
gramme when many other universities 
were watching their margins closely. 

The position now is that the reserves 
stand at about £250,000 and the college 
is faced, like other universities, with a 
government decision to be less than 
generous about supplementing the 
University Grant Committee’s recur- 
rent grant to allow for inflation. The 
governmeng assessed the situation 
several months ago on the basis of the 
rise in costs during the galendar year 
1973, with a view to paying the extra 
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able for pro-nuclear pamphlets and 
educational material which will be cir- 
culated to union study-groups this 
autumn. 

Autumn will also bring publicity for 
the anti group, however. A number of 
citizens living near a new reactor site 
will appeal against the decision of a so- 
called ‘Water Court’ to allow the con- 
struction of the reactors planned for 
the site provided that certain measures 
are taken to safeguard the environment. 
Under a law outdated since these 
events began, such a court was obliged 
to review the potential dangers threat- 
ened by any proposed building to fhe 
water environment before permission 
could be given for the building to be 
constructed. The action will take place 
in the court of appeals dealing with 
questions involving water, and the argu- 
ment will of necessity be limited to 
those aspects of nuclear power depend- 
ent on water. The public can therefore 
expect to hear a lot about dangers in- 
volved in a failure of the emergency 
cooling system and the pollution of 
waterways with radioactive material, 
but little about other nuclear hazards. 


money during the academic year 1974- 
75. The first estimate of the increase 
in costs came out at 7%-—some £13.5 
million— and the government declined 
to give the universities any more 
money at all. But the increase in the 


index was subsequently revised up- 
wards to 10% +, representing more 
than £21 million. At this stage the 


government announced that it would 
provide £4 million which, together with 
about £3 million which the UGC had 
at its disposal for emergencies, just 
kept the total deficit to the level the 
government originally envisaged. 

Although the Committee of Vice 
Chancellors and Principals welcomed 
the government decision to make the 
extra money available, its view is that 
the recurrent grant should be restored 
to its proper level and its value then 
maintained in real terms. 

What Imperial College is now wait- 
ing to find out is how much of the 
£4 million will come its way. On pre- 
vious experience the amount will be in 
the region of £150,000 to £200,000, but 
Mr M. J. Davies, secretary of the - 
college, said last week that the extra 
money would at best keep the ship 
afloat and would not allow for any 
growth. He also described the college's 
remaining surplus of around £200,000 
as a cushion which is rapidly dis- 
appearing. If things get much worse, 
ge said, Imperial College will be in the 
same situation as other universities. 
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Binary weapons 
voted out 


by Colin Norman, Washington 

THE Pentagon’s plan to replace its 
ageing stockpiles of chemical weapons 
with a new generation of so-called 
binary nerve agents received a severe 
blow in the House of Representatives 
last week, and it now seems likely that 
Congress will eventually kill the plan 
entirely. Virtually unnoticed in the wel- 
ter of events being played out in Wash- 
ington, the House voted to deny funds 
for the Army to begin producing 
special 155-mm artillery shells for the 
binary weapons. 

The vote, which came on an amend- 
ment to the Defense Appropriation 
Bill, represents sweet victory for a 
group of congressmen, led by Wayne 
Owens of Utah, who have fought the 
binary programme for months on the 
basis that if it were allowed to go 
ahead it would torpedo international 
chemical disarmament negotiations 
now taking place in Geneva. 

The Pentagon—or, more accurately, 
the Army Chemical Corps—had re- 
quested $5.8 million this year to begin 
producing binary shells in the Pine 
Bluff Arsenal in Arkansas, with a view 
to replacing part of its nerve gas stock- 
piles with binaries in 1977. The Army 
began touting the advantages of the 
weapon late last year, by arguing that 
since they consist of two “relatively 
non toxic?” components, they will be 
safe to store, transport and use. The 
idea is that the two components would 
be kept apart until needed on the 
battlefield, then they would be loaded 
into the binary shell and mixed to- 
gether to form a lethal nerve agent. 

But the House was persuaded last 
week that if the United States now 
launches a massive new chemical wea- 
pons programme, the credibility of 
United States negotiators in Geneva 
would be destroyed and the chances 
of reaching agreement on international 
chemical disarmament would be negli- 
gible. Last month Mr Nixon and Mr 
Brezhnev signed an agreement in 
Moscow to launch new initiatives to 
help the negotiations along, but the 
binary weapons programme is scarcely 
seen as a helpful initiative. 

Another factor in last week’s vote 
was that the Pentagon had asked for 
funds from Congress before the binary 
programme had even been approved by 
the Administration, a situation which 
several congressmen regarded as put- 
ting the cart before the horse. In fact, 
since Congress started considering the 
funding request, the Administration 
“has been carrying out a review of the 
necessity for binary weapons, and the 
programme has already picked up 
ae opposition from the Arms Con- 


trol and Disarmament Agency. Thus, 
the Pentagon’s strategy seemed to be 
to try to get approval for the pro- 
gramme from Congress and then use 
that to bolster its case withn the 
Administration. 

Last week’s House vote was, how- 
ever, far from the last word on the 
matter, for the Senate has yet to con- 
sider the Pentagon’s budget request. 
But it is generally believed that the 
anti-binary forces in the Senate will be 
strong enough to uphold the House’s 
action. For one thing, an amendment 
will be offered in the Senate Appro- 
priations Committee to cut off funding 
of binary weapons, and if that fails a 
number of influential Senators led by 
Edward M. Kennedy are prepared to 
take their case to a vote on the Senate 
floor. = 


Windfall for 
natural resources 


THE Wolfson Foundation recently 
announced its £1 million programme of 
support for research into the more 
efficient use of natural resources. The 
object of the programme is to come up 
with at least some answer to the prob- 


lems of Britain’s dependence on 
imported food, raw materials and 
energy. 


This is a departure from the founda- 
tion’s previous practice of giving grants 
for university research linked specifi- 
cally to industry. The foundation 
received more than 150 applications 
for money, and in choosing the 18 
‘projects which make up the present 
programme it was particularly anxious 
that ideas should be quickly and easily 
realisable commercially if the research 
was successful. 

The projects chosen cover a wide 
field. Predictably, studies on various 
sorts of recycling and uses of wastes 
are much in evidence, and on the 
energy front there are two concerned 
with the use of solar energy. But money 
has also been found for work on the 
impact of motorways on agricultural 
land, and on cultivating the scallop, a 
potentially yaluable export. 

The Department of Agriculture at 
the University of Reading gets the 
largest slice of the cake. It has been 
given £250,000 for two pieces of work: 
one to improve the production and 
direct use of green leaf protein, and 
one for improving the production of 
oi} and protein from seed crops. 
Together with & complementary study 
at the University Collegg of Wales, 
Aberystwyth, on breeding grasses and 
legumes for upland areas, these lines 
of research*® could eventually lead to 
far more home-grown feedstuffs for 
Britain’s animal and even human popu- 
lation. = 

































Ecological 
railway line 
from Vera Rich 


THE new branch of the Trans-Sib 
Railway, which is to run via Us 
on the Lena, skirting the no hof 
Baikal, and across some 1,50 
the Siberian taiga to join the 
tracks at Komsomolsk on the A x 
is clearly being treated as a prestige 
project by the Soviet media, which | 
faithfully report every step in its pro- if 
press. See 
This publicity is, perhaps, not sure : 
prising, since the projected line will | 
run through some of the most promis 
ing of the undeveloped areas of Siberia 
The line will, however, pass through 
region which is a constant focus 
attention for ecologists. | 3 
Lake Baikal has, of course, -be 
subject to railway ‘pollution’ sinc 
trans-Siberian route was envisag 
1891. Indeed, in the early days, t 
track actually ran across the lake 
rails were laid on the ice in wint 
and ferry boats were used during th 
summer (with a twice-yearly break ir 
service during the thaw and freeze- up) 
Conservation has now become 
emotive concept, and the planne 
the new line have not only taken 
into account in their proposals fort 
line, but have also taken considerabl 
care to be seen to be taking it int 
account. i 
Mikhail Reks, the chief ana 
of the Baikal project, has assur 
world opinion (through the Novo 
agency) of the environmental protectior 
measures to be taken. No tree fellin 
is to be permitted on slopes with grad. 
ients exceeding 15°, or in valley bot 
toms, to obviate erosion caused by 
avalanches and mud streams. Specia 
dams and trenches in permafrost areas 
will protect the soil—as well as ensuring 
the safety of the railway itself. The 
banks of the reservoir on the River o 
Zeya are to be reinforced, and it is 
stated that the massive bridge-building: ——— 
programme involved (over 140 bridges 
in all) will tend to stabilise the chan-.- 
nels of the Siberian river beds, and 
thus reduce erosion. | 
The wild life of Siberia is to be 
left as undisturbed as possibile— al- 
though Reks admitted that the line will 
to a certain extent “press back” many 
species. One wonders however, how 
the construction workers themselves 
will react to the ruling on insect life. 
For, in order to disturb the ecological 
balance as little as possible, no insecti- 
cides may be used, not even against the . 
traditional curse of Siberian life— _ 
mosquitoes. The only means of sel 
defence permitted, according to ht 
official ruling, will be mosquito- nets 
and special repellant creams. > 
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correspondence 





Chile: for... 


SIR, —I have recently read your editorial 
of May 3, on academic freedom in 
‘Chile, and would like to make some 
comments on it. 

This is the third occasion I have 
come to Chile to lecture, the previous 
visits being in 1970 (before Allende’s 
election) and 1971 (under the UP 
government), I also lectured here in 
1965 (shortly after Frei’s election) but 
not with a contract. I cannot claim to 
know the state of all the branches 
(sedes) and faculties of the University 
of Chile or other universities, but I am 
tolerably well acquainted with what 
goes on here. F can assure you that as 
far as this department is concerned, 
your article is almost totally untrue. 

I have seen no military in or near 
the Faculty in my two months here, 
although I do understand that they 
searched it for arms a couple of days 
after the coup, since when they have 
not returned. Not one member of staff 
of this department has been dismissed 
for political or any other reasons. 

Actions ‘such as not taking part in 
the anti-Allende demonstrations’ are 
not ‘now retrospectively considered il- 
legal’. Hardly anyone in the department 
ever took part in such actions. On the 
contrary a considerable number of the 
staff and perhaps 50% of the students 
regularly took part in pro-Allende meet- 
ings or demonstrations. To all those UP 
sympathisers or militants (not to men- 
tion the apolitical) who stay unchanged 
in their academic posts, your suggestion 
that they ‘remain at the universities in 
puppet roles’ is insulting. You conclude 
the phrase by adding ‘organising re- 
search according to the junta’s decree, 
teaching what the junta thinks fit to 
be taught’. The courses here are sub- 
mited to no one, military or other- 
wise, for approval. My own course has 
not been reviewed even by the director 
of the department. 

Your report must certainly be true 
for some academic institutions (be- 
cause I cannot believe the entire inter- 
national press is misinformed) but it is 
nowhere near the whole truth. Either 
you too easily believe the statements 
made in Europe by refugees, genuine 
or otherwise, without attempting to 
verify them, or you are not concerned 
with straight reporting and are moti- 
vated by political considerations. If the 
latter is true and Nature has ceaséd to 
be a scientific journal to become a 
political one, may IÍ, as an Irishman, 


suggest you focus your concern about 
military misbehaviour on your own 
army for which you are indirectly, and 
many British scientists directly respon- 
sible, rather than on the army of a 
country on the other side of the globe 
where you apparently have never set 
foot. 

I am no apologist for the military 
junta: on the contrary I am a strong 
supporter of the ideals of social justice 
which Allende claimed to support. 
However honesty forces me to admit 
that the most charitable interpretation 
of the cause of his regime’s collapse 
was Its catastrophic incompetence, The 
chaos that reigned in 1973 would have 
provoked a coup in any other Latin 
American country, and most Euro- 
pean ones too. That said, and recognis- 
ing the impertinence of making com- 
ments on the internal affairs of a 
foreign country, I unreservedly con- 
demn the brutalities, vengeful actions 
and plain stupidities attributed to the 
authorities at various levels since Sep- 
tember 11. Perhaps, following the 
above, | can best demonstrate my con- 
viction that academic freedom and 
‘intellectual life’ in Chile is nor ‘dead’ 
by signing myself openly 

Yours faithfully, 
W. F. L. Purser 
Universidad de Chile, 
Santiago de Chile 


... and against 


Sir,—The Chilean replies to the letters 
published in Nature, criticising the 
regime, although insulting the intelli- 
gence of your readers, underline the 
spirit of a totalitarian regime, a trivial 
phenomenon these days. However, there 
is no necessity to refute arguments 
which only underline how ideological 
fanaticism can deform judgement. 

It seems more important to stress the 
need for the scientific community, 
which is rightly reluctant to become in- 
volved in political controversy, to assert 
that it cannot remain indifferent when 
individual freedom is at stake under 
any politico-economical order, religious 
or social prejudice. It is a matter of 
dignity for scientists to know that the 
torturers’ representatives be at least 
excluded from their community, if more 
drastic actidh cannot be taken. 

As for those, whether nationals or 
‘multinationals’, who support regimes 
of the Chilean or Czechoslovakian type, 
they woflld be well advised to have the 
decency to spare us th® thausea of their 


public apologetic justifications. They 
might also be advised to consider that 
Portugal and Greece are perhaps not 
just mere accidents. 
Yours faithfully, 

Dimitri VIZA 
Laboratoire d'linmunobiologie, 
Faculté de Médecine Pitié-Salpétriére, 
Paris 


Publish or perish 


Sir, —How can we escape from the 
tyranny of the Science Citation Index 
(how many citations did your papers 
get last year?) and the general publish- 
or-perish rat-race? 

| suggest a procedure by which a 
stable and well-established department 
might contract out. Let all papers 
fram the department be published 
under the same fictitious name, as is 
done by the pioneer French school of 


mathematicians who are Nicholas 
Bourbaki — a general who, when 
defeated, tried to shoot himself but 


missed. What effects might follow? 

We might build one substantial 
scientist out of several mediocre ones, 
whose success might encourage the 
others. As Blackett has pointed out: 
“a first-class laboratory is one in which 
mediocre people can do outstanding 
work”. 

The Matthew Principle (Matthew, 
25:29) of R. K. Merton, “to every one 
that hath shall be given...” will be 
turned to general advantage since 
(A+ B+ Ct... F > At + B+ 
CP no lA Ae I 

The general standard of papers 
might be increased and their numbers 
reduced by taking off some of the 
pressure on the individual to rush into 
print. 

Multiple subscriptions to 
and societies could be reduced. 

The promotion scheme based on 
published papers would be confounded, 
perhaps forcing the consideration of 
persons as persons, 

There has been much talk of the 
commonwealth of science, but who 
will be the second to set up a scientific 
commune? I am sure that common 
scientifc property will be as strongly 
opposed by the establishment as the 
commonality of the property of 
Christians was opposed by the Church 
of England (Article 38). 

Yours faithfully, 
ALAN MACKAY 
Department of Crystallography, 
Birkbeck College, 
London 
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Transfer RNA revisited 


Ir is now some six years since the first successful crystal- 
lisation of transfer RNA was reported by a group of workers 
at the MRC Laboratory of Molecular Biology, Cambridge 
(Nature, 219, 1222; 1968). Subsequently a large number of 
both mixed and purified tRNA crystals have also been 
obtained. There has, however, been a central problem in 
obtaining crystals of sufficient quality. Only this would 
enable an X-ray structural analysis to provide a detailed 
picture of the molecular architecture of tRNA. In 1971, 
Kim, Rich and their associates, at the Massachusetts Insti- 
tute of Technology, reported that they had obtained highly 
diffracting crystals of the tRNA from yeast which codes for 
phenylalanine (Proc. natn. Acad. Sct. U.S.A., 68, 841; 1971). 
These workers then proceeded to analyse these crystals, and 
reported obtaining electron density maps at successively 
5.5 A and 4.0 A resolution, culminating in a 3.0 A map 
using the standard isomorphous replacement methods of 
protein crystallography (Nature, 248, 20; 1974). Each im- 
provement in resolution enabled the form of the molecule 
to be visualised more clearly, and their final electron den- 
sity map showed the molecule to have an L shape, with 
two stems of double helical oligonucleotides in each arm. 
The polynucleotide chain was clearly seen, except in the 
nonhelical loop regions of the molecule. 

The tRNA species that the MIT group has been investi- 
gating crystallises in many (up to twelve) distinct crystal 
forms. This intense polymorphism raises the question 
whether it is a reflection of merely alternative packing 
modes within the crystal lattice, or a consequence of con- 
formational changes within the tRNA molecule. Cramer 
et al., in a thorough examination of crystallising conditions 
for eight of these polymorphs, have remained undecided on 
this question (Biochim. biophys. Acta, 349, 351; 1974). The 
MIT group has attempted an answer by extending its 
original analysis, on an orthorhombic form, to the mono- 
clinic form. Both of these polymorphs diffract X rays well, 
to a resolution of better than 3 A. So it is reasonable to 
suppose that the molecules in both forms are packed reason- 
ably well. Furthermore, the two forms are related in terms 
of unit cell dimensions, suggesting closely related structures. 
Kim et al. used simple molecular replacement procedures in 
order to see how their orthorhombic molecule fitted the 
data from the monoclinic crystals. They obtained reason- 
ably good fits and concluded that the structure was essen- 
tially unchanged on going from one form to another. The 
only proviso was that there were possibly some small un- 
defined changes in the region of the anticodon loop. 

The Cambridge (England) group has now reported their 
independent 3 A analysis of the monoclinic form (Robertus 
et al., Nature, 250, 546; 1974). Again, the method of iso- 
morphous replacement has been used to solve the structure. 
The outline shape of the molecule was obtained by tracing 
the ribose phosphate backbone, particularly in the four stem 
regions where it was most discernible. Clearly, compared 
with a polypeptide backbone in a pgotein, polynucleotide 
chains are considerably more difficult to follow. This is 
mainly because of the close similarity of ribose, phosphate, 
purine and pyrimidine groupings when seen at a resolution 
of 3 A. It did not prove possible to trace unambiguously ånd 









completely the chain in the non double-helical D and TYC 
loops; the MIT group has similar difficulties in these regions 
of the molecule. The monoclinic form is very similar moo 
overall shape to the Cambridge (Massachusetts) ortho- 
rhombic findings. The fact that the former shape has been ~ 
called a T, and the latter an L, is to some extent a matter 
of semantics. There are, however, a large number of signi 
ficant differences between the two structures. Perhaps theo 
most important concerns the orientation of one of the 
double-helical stems, the so-called D stem, which differs. i1 
the two by 90° in one direction. It is noteworthy that the 
main helix directions now all agree well with Levitt’s h 
search locations (J. molec. Biol., 80, 225; 1973). The rela 
placing of the other three stems is not disputed, There: 
disagreement about the fitting of the nucleotide sequence to 
the chain, by one (and sometimes two) residues, virtu 
throughout the entire molecule. Robertus er al. co 
that these shifts in the chain assignments have necess 
revision of many of the earlier structure conclusions. © 
example, whereas the helical stems were previously co 
sidered to be irregular, they are now found to conform 
the standard classes: the amino acid and the TYC st 
together form a twelve base-pair-long double helix of 
‘A’ form. The functionally important anticodon |] 
seems to have more order than previously described : 
stacking on the 3’ side of its stem. This, together with 
quasihelical geometry of the anticodon bases, is one of 
many satisfying features of the new model. The Cambrid 
(England) group detail the features of the molecule w] 
help to maintain its structure. These are additional © 
pairings, and also base triplets—many of a novel natu 
as well as numerous stacking and intercalative interactio 

These tertiary interactions cumulatively have the effect. 
folding and maintaining the familiar tRNA cloverleaf. inti 
a molecule with essentially three major interlinked sub 
structures. These are, firstly, the long, almost perfec 
double helix formed by stacking the acceptor and THC 
stems. The D stem is augmented by several unusual bas 
pairs and postulated triplets, some involving their O 
loops, and some the variable loop, and is attached to t 
long helical segment almost at the middle. This forms the T. 
junction, The anticodon stem then extends outwards from. 
the augmented D helix, with the helices separate and non- 
collinear, Indeed, the anticodon helix (with its loop at the _ 
far end of the molecule) seems almost to be hinged on to)” 
the D stem, with a consequent implication of mobility, — 
possibly during protein synthesis. aes 

This new model has also been examined for consistency. 
with the extensive chemical modification data which now 
exist for tRNAs (Robertus et al., Nucleic Acids Res., 1, 
927: 1974). It has now been assumed that bases susceptible 
to modification are those not involved in tertiary inter- 
actions. On this basis, double-helical residues would be 
unaffected, as indeed they are. Similarly, those bases in- 
volved in the tertiary interactions detailed in the X-ray 
model would not be modified, as indeed they are not. The 
reactive bases are the ones that are not only uninvolved 
in tertiary interactions but are on the surface of the mole- 
cule. The model is also of interest in that it suggests that 
many of its structural features are Common to all tRNAs. 
The bases which are ‘either invariants in all tRNAs, or | 
are cohserved as purines or pyrimidines, are mostly in- 
volved in the tertiary interactions. Thus, the pattern. of > 
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molecular folding, so dependent on these, may well be at 
least similar for the majority of tRNAs, 

The Kim and Rich group have very recently made an 
additional contribution to the subject of tRNA structure 
(Science, 185, 435; 1974). In what may be seen as a counter 
to the criticisms of their structural model, they have 
presented a comprehensive analysis of its tertiary structure. 
This necessitated revision of a number of the residue 
assignments, although the overall chain tracing remains 
generally unaltered. The tertiary base-pairing and stacking 
interactions now found are mostly identical to those in the 
Cambridge (England) model, although a number of 
differences in interpretation still remain. In general the two 
models are now very similar. Consequently, it is now 
possible to state, with some considerable measure of con- 
fidence, that the basic structure of a transfer RNA has 
been established. 

STEPHEN NEIDLE 


Molecular 
neuroanatomy 


NEUROANATOMY has relied for many years on a limited 
number of classical staining methods, the chemical bases of 
which have remained largely obscure. During the past few 
years, however, the field has seen a quiet revolution as 
several powerful new techniques have developed as a 
result of a greatly increased understanding of the special 
biochemical properties of nerve cells. Many of these new 
methods make use of the fact that neurones of different 
types are biochemically differentiated in the sense that each 
type manufactures and stores only one of a series of 
potential transmitter substances. Great progress has stem- 
med, for example, from the development of a histochemical] 
fluorescence technique for visualising catecholamine and 
indolamine-containing neurones and their fibres (Falck, 
Acta physiol, scand. (second suppl.), 197: 1962). 

Such specific staining methods have so far not been 
available for neurones using other transmitters. One 
approach of general applicability is the development of 
immunofluorescent histochemical techniques, using anti- 
bodies directed against some protein that is characteristically 
localised in a given transmitter-specific type of neurone. 
Thus, antibodies to the enzyme dopamine-B-hydroxylase 
have been used to identify noradrenaline-containing neu- 
rones in tissue sections (Fuxe er al., Progr. Brain Res., 
34, 127-128; 1971). Progress in the application of such 
methods to other transmitter types has been reported 
recently. Saito et al. (Proc. natn. Acad. Sci. U.S.A.. TH, 
269-273; 1974) describe the use of antibodies to the enzyme 
glutamic decarboxylase for the immunofluorescent identi- 
fication of neurones that use gamma-aminobutyrate 
(GABA) as their transmitter and Eng et al. {Nature, 250, 
245-247. 1974). McGeer et al. (J. Pharmic., 5. Suppl. 1, 
54; 1974) and Rosser et al. (FEBS Lett., 36, 43-48: 1973) 
have prepared antibodies to purified choline acetyltrans- 
ferase and described their use for the identification and 
mapping of cholinergic neurones in the central nervous 
system (CNS). These neurones have hitherto been identi- 
fiable only by histochemical methods for the enzyme 
acetylcholinesterase; the localisation of the biosynthetic 
enzyme choline acetyltransferase, however, promises to be 
a more specific and reliable biochemical marker for such 
Structures, since this enzyme occurs exclusivel® in 
cholinergic neurones in the CNS. 

These new methods for identifying transmitter-specific 
neuronal pathways have been and*will continue to be of 
immense value for mapping the distribution of su@h path- 
ways in the CNS. At the same time two other approaches, 
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which represent more general means of determining the 
axonal projection of groups of neurones in the CNS, have 
been developed. Both approaches make use of the special- 
ised transport systems that exist for the movement of sub- 
stances along nerve axons, Protein synthesis in neurones is 
confined largely to the cell body region of the cell, and 
there is continuous export of newly synthesised material 
from the cell body along the axon processes to the nerve 
terminals. This orthograde flow of material can be used to 
trace the axonal projections of neurones by pulse-labelling 
the cell bodies with a radioactively-labelled amino acid and 
then following the transport of labelled protein into such 
projections. This usually involves a local microinjection of 
isotope in the region of a particular brain nucleus, followed 
by autoradiographic examination of the distribution of 
label in various potential areas remote from the site of in- 
jection (Cowan er al., Brain Res., 37, 21-51: 1972). Another 
more recently recognised transport mechanism operates by 
as yet unknown means to transport certain proteins from 
the nerve terminals in the retrograde direction towards the 
cell body regions of neurones. By using an easily identified 
marker protein not normally present in the CNS, such as 
horseradish peroxidase, it is thus possible to determine the 
cells of origin of fibre tracts in CNS. This substance is 
applied by local injection into a projection area, and then 
peroxidase-containing cell bodies are identified in remote 
brain areas. (La Vail er al., Brain Res., 58, 470-477: 1973). 

Apart from methods that allow the mapping of popu- 
lations of neurones organised in specific pathways, impor- 
tant developments in techniques that reveal the detailed 
anatomical features of individual neurones have also been 
made. Stretton and Kravitz (Science, 162, 132-134: 1968) 
found that microinjection of the fluorescent dye procion 
yellow into single neurones of the lobster nervous system 
allowed the subsequent visualisation of even the finest 
branches of the axonal and dendritic tree emanating from 
such neurones. Procion yellow diffuses readily into such 
processes, and the neurone remains electrically excitable 
during the process. This technique has been widely applied 
to invertebrate and vertebrate neurones, with results of 
often breathtaking clarity (/nrercellular Staining Techniques 
in Neurobiology, edit. by Kater and Nicholson, Springer- 
Verlag, Berlin, 1973). 

Autoradiography has also been used to trace the dendritic 
ramifications of spinal cord motoneurones following intra- 
cellular injection of radioactively labelled amino acids 
(Globus et al., Brain Res.. 11, 440-445; 1968). In last week's 
edition of Nature (250, 655-658: 1974) Pentreath and Cot- 
trell described a further modification of this approach which 
depends on the injection of radioactively-labelled transmit- 
ter or transmitter precursor into single cells. This has the 
advantage that the transport of transmitter molecules along 
axons occurs more rapidly than that of labelled proteins 
and a higher proportion of the injected material may be 
transported over quite long distances in this manner, 
Pentreath and Cottrell worked with a large neurone in the 
cerebral ganglion of the snail Helix pomatia. There is one 
such giant neurone on each side of the ganglion, and the 
cells are known from previous neurophysiological and bio- 
chemical studies by the authors to use 5-hydroxytryptamine 
as their transmitter. After the microinjection of tritiated 
S-HT or the precursor 5-hydroxytryptophan, using electro- 
phoretic expulsion from the tip of a fine glass electrode 
inserted into the cell body, the labelled amine was rapidly 
transported away from the cell body into the axonal system. 
Within 10-15 h after injection label had penetrated into the 
fine terminals of the neurones, some of which were several! 
centimetres from the site of injection. Using autoradio- 
graplfic analysis of Serial tissue sections the entire axonal 
projection could be mapped. The projection from each 
giant neurone was found to be complex, consisting of 
seral large axonal processes and numerous smaller 
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shes. Some axons projected to the buccal ganglion, in 
ich. follower’ cells have previously been identified in 
europhysiological studies, others crossed the midline, and 
terminated in various muscles concerned with 
behaviour in the mollusc. 
7 ddition to light microscope autoradiography, Pentreath 
and Cottrell were also able to use electron microscopic 
<: autoradiography to investigate the fine structure of some 
of the labelled terminals. All of the injected label appeared 
to be confined to the: injected neurones, and this method 
thus offers a relatively rapid and highly specific means of 





In the SI system, one gives the time of day and date in kilo- 
seconds, megaseconds and gigaseconds. The appropriate 
daytime clock has no minute hand and has a new face graduated 
25-65 ks (see figure); if the range 0-86.4 ks was completed, the 
clock would also be suitable for night use. One’s schedule 

might be: 25 ks, breakfast; 30 ks, start work; 45 ks, lunch; 
60 ks, stop work; 65 ks, supper; 80 ks, retire. 

On the calendar (see Table), one dates by the megasecond, 
stating a number under 100 with one decimal place. This 
increases daily except Sı inday by 0.1 Ms. Thus, the eight days 
July 3-10, 1974, are 77.6, 77.7, 77.8, 77.9, 77.9+, 78.0, 78.1, 
78.2 Ms. A + distinguishes Sunday. 0.1 Ms, however, must 
also be added on six Sundays out of 125 (since 1 week — . 
0.6 Ms = 4.8 ks), The megasecond date then never differs from 
the actual time each day begins by more than 90.4 ks. After 
making a correction,for this difference, one adds the time of 

day (see figure) to fix any instant absolutely. 

This continuous calendar does not begin anew each year. 
‘Subtracting the megasecond at the new year from the current 
-megasecond gives the time of year, useful in astronomy, 
weather, biology and farming. To place a date in history, one 
states the gigasecond to the nearest 0.1; for 1972-74 this is 
62.2 Gs. 

The many advantages include elimination of timers graduated 
in diverse units, and of unsystematic derivatives such 
-as revolution per minute and kilowatt hour. Moreover, 
62 278.2756 Ms has fewer symbols and easier arithmetic than 
11:40 a.m. July 10, 1974. Neither change in work schedules nor 
‘internationally agreed reform are needed; scientists and 
engineers can begin to use a SI clock and calendar today. 

CHARLES E. CHAFFEY 





Partial SI calendar 
Wednesday 


Sunday Monday Tuesday 
Ms 11.34 71.4 TLS 77.6 
ks 69.6 56.0 42.4 28.8 
Ms. . T1939 + 78.0 78.1 78.2 
ks 74.4 60.8 47.2 33.6 
Ms 78.5 + 78.6 78,7 78.8 
ks 79.2 65.6 52.0 38.4 
Ms 79.14 79.2 79.3 79.4 
ks — 7 84.0 70.4 56.8 43.2 
Ms 79.7+ 79.8 79.9 80.0 
KS 88.8 ‘75:2 e 61.6 48.0 


80.4 + 80.5 80.6 80.7 
o ~ 6.4 ~~ 20.0 ~~ 33.6 — 47,2 






lock and calendar in SI units 


2.2 Gs. New Year was 61.8 Ms. The beginning of each day is the sum of the large figure (in Ms) and the small figure (in ks). 



















determining the various presynaptic terminals ema 
from an identified single neurone. 

It is clear that. neuroanatomy has felt some i 
impact of the molecular biology era, and that the b 
of new techniques that have recently become availab 
stimulate an upsurge of activity in this area. S 
rera will come none too soon if one is adel secret 


in ihe CNS. 


45 
40) 


35 


ks 





i Saturday oe ed sate 


78.5 
~7.2 


79.1 


Thursday Friday 
TIT 77.8 
15.2 1.6 


78.3 78.4 
20.0 6.4 


78.9 79.0 
24.8 11.2 —2.4 


79.5 79.6 79.7 
29.6 16.0 2.4 


80.1 80.2 80.3 
34.4 20.8 7.2 


80.8 80.9 81.0 
@ 60.8 —74.4 88.0 
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Primitive but not simple 


study of human embryonic 


THE 
haemoglobin, initiated principally by 
Huehns and his collaborators, starts 
from the demonstration that biosyn- 
thesis of a ‘primitive’ or e polypeptide 
chain precedes that of the y chains of 


human foetal haemoglobin (Hb-F, 
ayy2), At birth Hb-F normally com- 
prises some 80%, of the total haemo- 
globin, the remainder being adult 
haemoglobin (Hb-A, a8:), as the bio- 
synthesis of £ chains is switched on, 
and that of y chains starts to decline 
at 6 months’ gestation. The s chain 
occurs as Hb-Gower 1 («) and Hb- 
Gower 2 (ae) and its formation has 
completely stopped at a gestational 
age of less than 3 months. There is 
also evidence that synthesis of the 
a chain is preceded very early in 
gestation by another type of chain, 
originally denoted as x but now 
designated $. This chain is found in 
the haemoglobin species Hb-Portland 
1 with composition yx, believed to 
be present in early human embryos, 
and also found in stillborn infants 


with erythroblastosis foetalis caused 
by homozygous a-thalassaemia 1, 
where a-chain synthesis is completely 
inhibited. 

The practical problems associated 
with the study of human embryonic 
haemoglobins can be circumvented in 
animal studies, and Melderis, Stein- 
heider and OQOstertag, of the Max- 
Planck Institute for Experimental 
Medicine, Gottingen, now report (see 
page 774 of this issue) evidence for a 
unique x-type globin chain in early 
mammalian embryos (BALB/c mice 
and New Zealand white rabbits). The 
x chains of these two species have 
closely related sequences, similar to 
that of the human € chain of Hb- 
Portland I. Detailed analysis of the 
complex systems—three embryonic 
species in the mouse and six in the 
rabbit—leads to the conclusion that 
there are at least two different e chains, 
and that x- and a@-chain synthesis in 
both species is inversely correlated, 
hence the first chain takes the place 
of the second during early embryo- 


genesis. The x chain is now to be 
regarded as a a-type chain, and there 
is more sequence similarity between x 
chains of different species, than be- 
tween the x and a@ chains of the same 
species. This indicates an early evolu- 
tionary divergence of x- and a-chain 
genes and constitutes a further 
example of globin gene duplication 
during evolution; compare the findings 
of Schroeder, Huisman and colleagues 
on the duplicated “y and “y genes for 
the y-chain of human Hb-F. 

The Göttingen work confirms the 
indication from the earlier work on 
human embryonic haemoglobins that 
there is an a-type x (or £é) chain syn- 
thesised in the nucleated erythroid 
cells derived from the yolk sac during 
early stages of mammalian embryo- 
genesis, and preceding the synthesis of 
a-chains proper. The presence of an 
& species in human but not in mice 
or rabbit embryos remains to be 
explained. 


From a Correspondent 





Topology 
of crystal grains 


from Robert W. Cahn 


Ir is one of the paradoxes of the history 
of science that the rigorous quantitative 
treatment of the behaviour of large 
populations of molecules preceded by 
many years the similarly rigorous 
description of the individual molecules 
themselves; yet the kinetic theory of 
gases implies the extraction of orderly 
and predictable behaviour from myriads 
of random motions and collisions, 
whereas molecules are all identical. The 
resolution of the paradox lies in the 
fact that in the kinetic theory, molecules 
are treated virtually as independent, 
featureless particles, and therein lies 
the tractability of the whole approach. 
A millon particles spell simplicity; one 
molecule spells complexity. i 
With crystals, the sequence is 
reversed. A large number of crystal 
structures had been accurately deter- 
mined before the collective behaviour 
of populations of crystals began to be 
understood. The metallurgist recognises 
two distinct forms of such collective 
behaviour: first, there is ‘Ostwald 
ripening’, a poetically metaphorical term 
for the Matthew principle applied to a 
population of spherical crystallites of 
varying radii dispersed in a matrix; the 
larger ones grow at the expense of the 
smaller, essentially because of a radius- 


dependence of the solubility of the 
particles in the matrix. (Water droplets 
in a cloud behave in an essentially 
similar way.) The rigorous treatment ‘of 
this very important metallurgical pro- 
cess is now well understood. 

The second form of collective be- 
haviour is grain growth. A piece of a 
pure metal consists of a population of 
crystal grains all sharing the same 
crystal structure but of different sizes, 
shapes and orientations. The grains 
grow from independent nuclei and as 
they impinge, grain boundaries are 
formed. The interfaces may be plane 
or curved, and bear no relation to the 
regular lattice arrangement of atoms: 
“There's no art to read the grain’s con- 
struction in the face’. Here, also, the 
Matthew principle operates: if a piece 
of metal is heated, the larger grains 
grow at the expense of the smaller 
through the migration of grain boun- 
daries, and the average grain size pro- 
gressively increases. 

Grain growth has been studied 
micrographically for many years, both 
for its intrinsic interest and because of 
its practical influence on metal working, 
on the behaviour of nuclear fuel 
elements, in powder mefallurgy and else- 
where. It has long been recognised that 
the mean grain diameter varies with 
time according to AD=kr", where n 
falls in the range 1/3~1/2. The problem 
is to upderstand why. It is a con- 
ceptually more difficult problem than 
the kinetic theory of ‘gases, because 


crystal grains are not independent and 
separate particles, but connected poly- 
hedra. When one grain changes shape 
and size, the neighbours of necessity 
change too. An assembly of grains is 
like a nuclear reactor: a change in 
neutron absorption in one small corner 
soon leads to a change in neutron flux 
throughout the reactor. Similarly, an 
instability at one corner of one grain 
quickly spreads through the population. 

The key to an understanding of the 
problem is its topology. A population of 
polyhedral grains can be characterised 
by the number of grains, faces and 


- vertices, and by the relations between 


these quantities. In particular, interest 
attaches to the mean number of faces 
per grain and the distribution of this 
number among the grain population. 
Topological principles were first 
applied, to assess the stability of a grain 
population, by C. S. Smith in 1952. He 
recognised that grain growth stems 
from disequilibrium at edges where 
three grains meet and at four-grain 
corners. Unless three boundaries meet- 
ing at an edge are mutually inclined at 
120° the edge must move and the 
boundaries become curved. The curva- 
ture itself introduces instability; indeed, 
curvature and non-equilibrium edge and 
corner configurations are the fuels of 


egrain growth. The nearest approach to 


equilibrium obtains in a population of 
fourteen-sided polyhedra of a particular 
shape. 

In a brilliant paper Rhines, Craig and 
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Dehoff (Metall. Trans., 5, 413; 1974) 
apply topological analysis to grain 
growth in a highly illuminating way. 
Their article is based upon an experi- 
mental study of successive stages of 
grain growth in aluminium, using the 
technique of serial sectioning; the tech- 
nique depends on a thorough mastery 
of the theory of quantitative metallo- 
graphy which allows two-dimensional 
measurements in the microscope to be 
converted into reliable three-dimensional 
geometrical statistics. In their laboratory 
at the University of Florida, the auth- 
ors have honed this technique to a fine 
cutting edge. They are able to determine 
the total grain boundary area, mean 
boundary curvature, distribution of the 
number of faces per grain, as well as 
the true mean volume per grain, as a 
function of time. 

By combining experiment with topo- 
logical analysis, Rhines et al. are able 
to introduce the concept of a “structural 
gradient” which is essentially a measure 
of the mean deviation from equilibrium 
of the entire grain structure. It is equal 
to the product of the total mean curva- 
ture and the surface area per grain. This 
structural gradient determines the rate 
of steady-state grain growth, and 
remains unchanged because the form of 
the distribution of different grain shapes 
remains unaltered as grain growth pro- 
ceeds. All this is made topologically 
clear by the authors. They also show 
in a simple and elegant fashion that the 
number of grains eliminated when a 
grain boundary sweeps through unit 
volume of material is a constant, 
independent of the mean grain size. This 
very important theoretical result will 
have a number of important applica- 
tions in materials science (for instance, 
in connection with sintering of powders, 
in which grain growth plays a crucial 
part). 

By putting the various parts of the 
analysis together, the authors find both 
theoretically and experimentally that 
grain growths follow the law AD=kr'”, 
when the ‘diameter’ D is expressed as 
the cube root of the mean tine grain 
volume. The apparent grain diameter 
derived from intercept analysis on a 
single two-dimensional section gives an 
index rather higher than 1/3, which 
indicates that good quantitative metallo- 
graphy requires more expertise than 
most investigators possess. The authors 
point out that “it has not been required, 
in developing the foregoing rate law, to 
introduce any arbitrarily adjustable 
parameter, as has been done in the 


usual expression of grain growth 
kinetics”. Theirs is an impressive 
achievement. 


A recent attempt to apply purely 
statistical principles to grain growth 
(Louat, Acta Metall., 22, 721, 1974) is 
an instance of the type of analysis at 
which the Florida authors, by implica- 


tion, cock a sceptical eyebrow. This is 
not to say that the statistical approach 
has no value: for instance, Weaire 
(Metallography. 7, 157, 1974) shows 
how statistical arguments can be com- 
bined with topological ones to assess 
whether a distribution of grain shapes 
deviates locally from randomness. 

Another recent article of striking 
originality on a related theme is by 
Morrall and Ashby (Acta Metall., 22, 
567. 1974) who consider an assembly 
of fourteen-sided polyhedra in near 
equilibrium, as per Smith’s specification, 
and then introduce a number of thirteen 
or fifteen-sided grains, or other more 
serious ‘grain defects’. The grain struc- 
ture is then denoted by joining the 
centres of all neighbouring grains, 
through their common boundaries, by 
a network of lines. These lines form a 
lattice (lattice graph’) with dislocations 
wherever there is a grain defect. These 
dislocations can move conservatively 
(using the term in the special sense of 
dislocation therapy); this corresponds to 
grain displacement of the type found 
in superplasticity, without change in 
the number of grains. Dislocations can 
also move by climb, which implies the 
disappearance of some grains in ‘real 
space’ and therefore corresponds to 
grain growth. The authors build on an 
earlier analysis by Hillert of grain 
growth in two dimensions, where a set 
of perfect hexagons is disturbed by 
some rogue pentagons, and the like. For 
three dimensions, they relate, as did 
Hillert for two dimensions, the rate of 
grain growth to defect density, that is, to 
the density of dislocations in the lattice 
graph. They predict that if the defect 
density is constant, AD=kr'", while the 
index <4 if the defect density decreases 
during grain growth. 

Morrall and Ashby’s analysis repre- 
sents an interesting link between the 
purely topological and purely statistical 
approaches. Since the Florida authors 
showed experimentally that the grain 
shape distribution is invariant with time 
(that is, the grain defect population is 
invariant too) Morrall and Ashby’s 
analysis predicts AD=kf”, which is 
inconsistent with the experimental find- 
ings of the Florida group. The problem 
of grain growth has plenty of mileage 
left for those investigators who can 
master the requisite degree of subtlety. 


Spartina’s success 
in salt marshes... 


from Peter D. Moore ® 


THE grass genus Spartina is a remark- 
able one, both in terms of its world- 
wide success as an intertidal, salt- 
marsh species, and because ef its very 
high productioag rates in such situations. 
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In the British Isles the spread of 
Spartina anglica (=S. townsendii), 
particularly during the early part of 
this century, is well known. The suc- 
cess of this species may be attributed 
to its remarkable capacity for strong 
growth over a wide range of levels 
in the salt marsh as well as to its 
salinity tolerance. Once established it 
forms dense clumps, which Ranwell 
has estimated may expand at a rate 
of 2% per annum on an area basis (J. 
Ecol., 52, 95; 1964). It is thus a power- 
ful competitor, often forming dense, 
single species stands over wide areas. 

On the east coast of North America 
there are several species of Spartina 
which show a tendency towards local- 
isation within specific zones of the salt 
marsh. For one of these species, S. 
alterniflora, there are now a number 
of estimates for annual shoot produc- 
tion. Production rates, as indicated by 
above ground standing crop at the end 
of the growing season, are greatest in 
the southern States: for example, Teal 


(Ecology, 43, 614; 1962) found standing 


crops of 1,290 g m” dry weight in 
Georgia, whereas in Rhode Island 
Nixon and Oviatt (Ecol. Monogr., 43, 
463: 1973) found 840 g m”. These 
figures are fairly representative of the 
falling production of the species as one 
moves north (see the literature review 
by Keefe, Mar. Sci. 16, 163; 1972). 
More detailed studies of the seasonal 
changes in productivity and the chemi- 
cal composition of S. alterniflora in a 
New Jersey salt marsh have been car- 
ried out by Squiers and Good (Chesa- 
peake Sci., 15, 63; 1974). Production in 
early spring was 8 g m” d™ rising to 


26 gm’ d™ in early summer. The peak _ , 


standing crop was 1,592 g m™, but in 
late summer this trend was reversed 
and there was a net loss of dry matter 
at a rate of 13 g m° d`. This loss 
could be caused by enhanced respira- 
tion rates relative to photosynthesis or, 
more likely, the death and loss of 
lower leaves. Since Spartina is not 
heavily predated by herbivores, the fall 
of litter represents the most important 
channel whereby the energy fixed in 
photosynthesis is passed on to hetero- 
trophic organisms. 

There is also a build up of protein, 
reaching maximum levels in the early 
spring. Presumably the plant has a 
strong demand for soil nitrogen at this 
period since this nutrient could become 
limiting to growth later in the season. 
Indeed, Sullivan and Daiber (ibid., 15, 
121: 1974) have found that production 
rates in the dwarf form of S. alterni- 
flora are limited by nitrogen supply in 
the growing season. 

These data confirm the assertions of 
Odum that the salt marshes of the 


eastern United States are among the 


most productive habitats in the world. 
They also point to Spartina as a key 





















Species in this high productivity. Re- 
_ cent studies on the physiology of S. 
_anglica in Britain have suggested that 
this is one of the few temperate grasses 
which has adopted the C, system of 
carbon assimilation (see Nature new 
Biol., 246, 98: 1973), a mechanism fre- 
quently associated with high produc- 
tivity. It is likely that this propensity 
for CO: fixation by the G, pathway 
is shared by other members of the 
grass Spartina which could account, 
in part, for its success in temperate 
salt marshes. 


... and alligator weed 
spreads in Australia 


from John Hockley 

ALLIGATOR weed (Alrternanthera philo- 
xeroides), a normally harmless aquatic 
weed, is spreading rapidly in the rivers 
and canals of eastern Australia: it is 
blocking irrigation channels and is 
threatening the fishing, prawning and 
oyster industries along the Georges 
River near Sydney in New South 
Wales. The natural home of this 
species of weed, which belongs to the 
family Amaranthaceae (Duke, Ann. 
Mo. bot. Gdn, 48, 43; 1961), is South 
America and it was first noticed in 
Australia in the mid-1940s when it 
was seen growing on heaps of ballast 
dumped ashore at Carrington near 
Newcastle (see map). It seems to be 
spreading rapidly because although its 
seeds are infertile in Australia, it can 
reproduce vegetatively, its natural 
insect enemies are absent and it is able 
to flourish in a variety of habitats—it 
does particularly well in rivers en- 
riched with sewage effluent. 

The weed has been reported from 
places as far apart as Grafton, on the 
north coast of New South Wales: 
Wiliamtown, north of Newcastle, 


where it is blocking drainage canals: 
and Albury on the Victorian border, 
where it is not only a menace along 
irrigation canals, but also a possible 
threat to the Murray and Murrum- 
bidgee Irrigation Areas. The largest 











New South Wales 


Canberra 


Recorded occurrences of alligator weed 
in New South Wales. 1946(A), 1962(B), 


1965(C), 1969(D), 1970(E), 1971(F), 
1972(G), 1973(H), 1974. ©, Newcastle 
District (Willlamtown, Carrington and 
Maitland); A, Carnarvon Golf Club 
(Lidcombe), W, Duck Creek (Clyde). 
A, Georges River (Casula, Glenfield 
and Liverpool); O, Holbrook: @, Lake 
at Woomargama (Albury). 


infestation is along the Georges River 
on Sydney’s south-western boundary, 
where the optimum environment, one 
containing a high level of nitrogen, is 
provided by the effluent from the many 
sewage treatment works that empty 
into the river. In addition to the threat 
to the fishing industries, recreational 
activities such as swimming, water 
ski-ing and rowing along the river are 
being affected. Along the Georges 
River, alligator weed will grow on land 
as well as in freshwater and is tolerant 
to salt water (up to 10% salt by 
volume). 

Various control measures have been 
tried with mixed success. Mechanical 
control is costly and usually has only a 
short term effect. Chemical control is 
only partially successful because only 
that part of the plant above the water 
can be killed. The stem that floats just 
below the surface of the water remains 
to shoot again. Trees, such as eucalypts 


Alligator weed on the 
Georges River near the 

| Liverpool Golf Club at 
Casula in November 1973. 
The river is almost covered 
| by mats of the weed. 
Earlier spraying has proved 


of I million tonnes of 
ealligator weed was swept 

| down the river by the 
mid-summer flaods of 1974. 





ineffective. This matted mass 









and she-oaks, and other plant life.on the 
banks are very susceptible to the herbi- 
cide used to control alligator weed. 
Another undesirable aspect of this 
‘knock-down’ type chemical control is 
the unpleasant smell produced by the 
rotting leaves that sink to the bottom 
of the river. The decaying leaves take 
oxygen out of the water, rendering it 
unsuitable for fish life. 

Introduction from South America of 
two small insects that are the natural 
enemies of alligator weed may assist in 
controlling the infestation. The adults 
and larvae of the flea beetle C4 gasicles 
spp.) are specific to alligator weed and 
feed on its leaves. The phycitid beetle 
(Vogtia malloi) bores into and eats the 
hollow stem of the weed allowing water 
to enter. After a period of time the 
remains of the stem become water- 
logged and the plant drowns, as the 
leaves sink below the surface of the 
water. It seems likely that alligator 
weed will be controlled by biological 
means when its natural insect enemies 
are introduced to Australia in the near 
future, 


Hedging one’s 
evolutionary bets 


from Monteomery Slatkin 

ALTHOUGH. population geneticists are 
not yet sure how natural selection acts 
on most of the genome-—or even if it 
affects that much of the genome—there 
have been many predictions of the con- 
sequences of different kinds of selec- 
tion. The hope has been that such 
models would help one to understand 
the dynamics of the gene pool of a 
population and would identify the kinds 
of natural selection which have been 
most important in evolution. Such 
models, however, despite fifty years 
of development are still far from that 
goal because of the inherent complexity 
of genetic systems and the large number 
of possible starting assumptions, None- 
theless, progress is being made and 
current models, of which Gillespie’s is 
an example (Genetics, 76, 601; 1974), 
are more realistic and potentially more 
useful than their predecessors. 

One of the main problems in models 
of selection 1s the assumption about 
what is actually selected. Traditionally, 
and in keeping with Darwinian princi- 
ples, the various genotypes have been 
assigned fitnesses which represent their 
relative contributions to the next gen- 
eration. The fitness differences can be 
the result of either differential fecun- 
dity or mortality or both. Such models, 
however, do not take into account 
many of the effects produced by differ- 
@nt patterns of reproduction. For ex- 
ample, in the simplest models, there 
would be no difference in fitness be- 
tween two individuals one of which 
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had ten offspring at once and the other 
of which had ten offspring one at a 
time: the average contribution of each 
individual to the next generation would 
be the same. It is obvious, however, 
that there would be a great difference 
between them; one is investigating its 
reproductive effort in one clutch and 
the other in ten clutches. If it were cer- 
tain that a clutch would survive, re- 
gardless of its size, then clearly the 
variability in the number of offspring 
of the second individual would be much 
smaller than that of the first. 

Until the publication of Gillespie’s 
article, selection resulting from differ- 
ential variance in offspring number had 
been ignored by theoreticians despite 
its obvious importance to the evolution 
of complex life histories. Gillespie 
shows that an allele which produces 
the same mean number of offspring 
but a smaller variance will increase 
in frequency and he argues that an 
important mechanism for reducing off- 
spring variance is repeated reproduc- 
tion and smaller clutch size. Gillespie 
deals only with a haploid population 
and, even then, the analysis is some- 
what difficult. His simplification of the 
original model certainly needs more 
careful examination. 

Although further mathematical work 
on the problem is needed, other results 
should support Gillespie’s conclusion. 
Although many geneticists have as- 
sumed otherwise, the evolution of com- 
plex life histories involves more than 
simply the maximisation of reproduc- 
tive potential. 


OSSO 


from our Chemical Physics Correspondent 
No, the title of this piece is not an 
acronym for the Office for Senior 
Scientists’ Obsolescence, that secret 
body which arranges for its ‘clients’ to 
be shunted into administration at 35 to 
make way for the next generation of 
research workers. It is rather the 
genuine chemical structure of a mole- 
cule recently characterised by Lovas, 
Tiemann and Johnson (J. chem. Phys., 
60, 5005; 1974). It is formed, under 
conditions controlled as much by art 
as science, in the fairly high pressure, 
106 Pa (100 mm Hg), microwave dis- 
charge in SO:. SO is a major product 
and the yield of it and its dimer seems 
to be a function of wall conditions as 
well as other components in the gas 
mixture. Careful lifetime studies have 
not yet been reported, but the half 
life is of the order of a few seconds 
under the flow conditions used. Poly- 
meric deposits formed on the walls and 
some OSSO appeared in the gas phase 
when the surface was exposed to oxygen 
under discharge conditions. 

The identification of OSSO was by 
means of a microwave spectroscopic 


study which established (1) that the 
molecule was planar; (2) that it had a 
large dipole moment, 10.710" C m 
(3.17 debye), parallel to the inter- 
mediate axis of inertia; (3) that alter- 
nate rotational levels were absent, be- 
ing forbidden by the spin statistics of 
a symmetrical molecule containing the 
bosons O ond ”S; (4) that there was 
a vibrational state, probably torsional, 
at about 140 cm™’; (5) that an analogue 
containing “S could be detected and 
that in it the full set of rotational levels 
was allowed. These facts, together with 
the values of the rotational constants, 
clearly show the species to be cis-OSSO, 
planar with C:s symmetry. 

The geometrical structure is then 
established with rso=145.8 pm (1.458 


Is history of science 
good for one? 


from Robert Olby 


IN a recent article in Science (183, 
1164-1172; 1974) the historian of 
physics, Brush, has described the 
“new look” which the history of 
science has acquired in recent years. 
Writing under the provocative title 
“Should the History of Science be 
rated X?”, Brush pictures the old 
history of science as motivated by 
the search for approaches to 
modern scientific knowledge in the 
works of the past, thus to expose 
to view the progressive character of 
the development of science and its 
objectivity. Now the picture has 
changed and what Brush sees as 
emerging is the subjective manner 
in which scientific work and ideas 
are accepted or rejected. The roles 
of simplicity, analogy, unity and pur- 
pose seem to have been more 
important than mere empirical veri- 
fication. To the believer in Galileo 
as the founder of the experimental 
method it comes as a shock to learn 
that the words “by experiment” 
were inserted in the English trans- 
lation of the famous sentence “I 
have discovered by experiment some 
properties of [motion]’’; or to see 
how the caloric theory of heat was 
overthrown not by the experiments 
of Count Rumford and Davy but by 
the acceptance of the wave theory 
of light and the analogies between 
light and heat. 

The subjective and social features 
of scientifie activity have been em- 
bodied in Kuhn’s division of science 
into “normal” and ‘‘rvolutionary”’. 
In a state of “normal science” the 
onus for proof lies with those who 
wish to overturn the established 
body of theory and pr&ctice (the 


purely rational and objective. 
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A), rss==202.45 pm (2.0245 A), and the 
SSO angle=112.7°. This is a short 
S-O bond and a fairly long S-S bond 
so that the formula, O°-S*=S*-O', 
which matches classical valence rules, is 
in fact not very realistic, and the 
distribution of the six = electrons over 
the four centres is more delocalised 
than the above structure might imply. 


The characterisation of this molecule — 


with its comparative stability is likely 
to catalyse further work on its: 
electronic structure, on its vibrational 
and electronic spectra, and on a search 
for a possible trans form which, having 
no dipole moment, would not appear in 
the microwave spectrum. There could 
also be interest in isoelectronic species 
such as OSPF and FPPF. 


“paradigm”) and not with those who 
uphold the paradigm. In this way 
the choice of problems as well as 
the significance accorded to experi- 
mental results. tends to be deter- 
mined by factors which are not 


This type of approach to the 
history of science may be seen as 
subversive of the cult of scientific 
objectivity, so long regarded. as 
essential to a scientist’s education. 
Brush suggests not only that it 
furnishes a “more realistic picture 
of the behaviour of scientists’, but 
also that it serves to soften the hard 
image of the “‘robot-like scientist 
lacking emotions and moral values”. 

Brush has, of course, expressed 
reservations to the “new look”, he 
describes. He recognises that so emi- 
nent an American historian of 
science as Gillispie has argued for 
the objectivity of science. In 
Britain it is doubtful that an extreme 
relativist view of scientific know- 
ledge has been established outside 
the gamut of the sociology of 
science. The British tend to believe 
that sufficient elements of such 
knowledge survive Kuhnian revolu- 
tions to justify the use of the words 
“development” and “progress”. 
They would, at least, side with 
Bernard who judged progress in 
science by the criterion of the 
degree of control over the pheno- 
mena. They also recognise the 
distinction between what is irrat- 
ional (counter to reason) and what is 
rational but devoid of any empirical 
supporting evidence. It is very 
doubtful that any but the most 
narrow-minded educators and the 
most gullible of students are dis- 
couraged by the historian’s expos- 
ure of the rich and varied founda- 
tigns upon which science has been 
erected. 








—_ T 





Embryonic 
‘cold nose’ 


from a Correspondent 


ANYBODY who opens a boiled egg at 
the blunt end will know there is an 
air space between the shell in this re- 
gion and the rest of the egg contents. 
The usual explanation given for the 
function of this space is that it serves 
as a region for respiratory exchange 
between the embryo and the outside 
world; furthermore, the chick punc- 
tures the air space with its beak before 
hatching—a procedure which initiates 
respiration though the lungs and thus 
prepares the chick for its life outside. 
An additional function, which experi- 
ments on eggs of the domestic fowl 
and Japanese quail support, has re- 
cently been proposed by Simkiss (J. 
Zool., Lond., 173, 225; 1974). He 
argues that since loss of water by eva- 
poration is one of the main problems 
associated with the development of an 
embryo in a closed or ‘cleidoic’ egg, 


any measure which limits such a loss 


would be of value. 

When the parent bird is sitting on 
the nest the temperature of the egg 
and the humidity of the surrounding 


Lipmann’s 
birthday party 


from a Correspondent 


THE name of Fritz Lipmann is 
such a commonplace in textbooks 
of biochemistry that many students 
of basic science may well be sur- 
prised to learn that, unlike Dalton 
and Archimedes, he is still alive 
and has in fact just celebrated his 
75th birthday. To mark this event, 
eighty of his former students and 
colleagues attended a special sym- 
posium organised in his honour at 
the Max-Planck-Institut fiir Mole- 
kulare Genetik in Berlin-Dahlem, 
on July 7-9, to take part in a re- 
laxing mixture of history, senti- 
ment and science. 

The Institut fiir Molekulare 
Genetik was an appropriate venue, 
for it was literally only a couple of 
hundred yards away that Lip- 
mann’s career really began, as an 
unpaid graduate student in the old 
Kaiser-Wilhelm-Institut in Dahlem. 
The institut, founded in 1910, had 
somehow managed to survive both 
the First World War and the 
German hyperinflation of the early 
1920s, when Lipmann joined 
Meyerhof’s laboratory there in 
1927. At that time, the instifut, 
which was of course the forerunner 


air are both kept high so there is little 
loss of water vapour. But when the 
parent leaves the nest—and many birds 
are off the nest for periods of 5 to 15 
minutes, 20-40% of the day—the tem- 
perature and humidity of the air sur- 
rounding the egg fall rapidly and, be- 
cause the watery contents of the egg 
cool only slowly, there is a concentra- 
tion gradient for water vapour to pass 
out of the egg; this loss of water from 
a warm wet body to cool dry air only 
stops, of course, when the parent re- 
turns or if the egg cools completely. 
The basis of Simkiss’s argument is that 
the air held in the air space, because 
it has a low specific heat, cools rapidly 
when the parent leaves the nest thus 
reducing the gradient for the loss of 
water vapour through the shell. He 
estimates that in the climatic condi- 
tions of Britain the loss of water 
vapour per unit area of shell is 50%, 
greater in those regions which overlie 
the liquid egg contents than in the re- 
gion of the air space; with the air 
space region occupying about 40%, of 
the area of the shell, he calculated a 
saving of about 15% during the period 
when a parent is not sitting. 

It is, as Simkiss admits, difficult to 
assess whether this water-conserving 


of today’s Max-Planck-Institut, 
was quite a small organisation and 
Lipmann and his contemporary Sir 
Hans Krebs gave an entertaining 
account of life there in the late 
1920s, under the “benevolent 
dictatorship” of Meyerhof and 
Warburg, two rather forbidding 
characters. For instance, Sir Hans 
was advised on leaving the institut 
to take up another career, as his 
“chances of success in bio- 
chemistry were slight”. 

In 1930, Lipmann, with his wife 
and three years of postgraduate 
experience, set out for America to 
take up a one-year fellowship at 
the Rockefeller University. After 
that he worked for a few years in 
Copenhagen before returning to 
the United States to settle. First in 
Boston and later at the Rockefeller 
University, he proceeded to pour 
out his classical work on protein 
phosphorylation, “energy-rich 
bonds”, coenzyme A, and a host of 
other topics. This diversity of 
interest was reflected in the scien- 
tific sessions of the symposium, in 
which the Lipmann alumni dis- 
coursed on subjects ringing from 
bioenergetics to immunity in 
insects, and from ribosome struc- 
ture to molecular biology in the 
reign of the Chinese Emperor Fu 
Hsi. The only common feature was 
the warmth of the tributes which 
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effect of the air space was more or less 
important in evolution than the re- 
spiratory advantages. Nevertheless, the 
comparative physiologist may well be 
able to throw light on the relative im- 
portance of the proposed functions, 
for one can think of climatic condi- 
tions in which some species breed but 
in which an air space would be of no 
advantage in water conservation, and 
species in which the egg is always kept 
warm by the parent. 


Lasers probe the 
hydrogen atom 


from B. P. Kibble 

THe Doppler effect, which causes the 
apparent alteration in wavelength of 
the light emitted by moving atoms, has 
always limited the accuracy with which 
spectral line wavelengths, particularly 
those of atomic hydrogen, could be 
measured. But now this limitation has 
been overcome by saturated absorption 
techniques using lasers whose light can 
be tuned over a range of wavelengths. 
The first accurate measurements of a 
line in the hydrogen spectrum are re- 
ported by Hänsch and his colleagues 
at Stanford University in a recent issue 


Fritz Lipmann 


all the paid to their 


speakers 
former mentor. Finally a special 
lecture was given by Feodor Lynen 


of the Max-Planck-Institut für 
Biochemie on the isolation and 
characterisation of the biotin en- 
zymes. This was the first ‘Fritz 
Lipmann Lecture’, a new event in 
the academic calendar, which will 
now be given annually in Germany 
as part of the programme of the 
esellschaft für Biologische 
hemie, under the sponsorship of 
the Boehringer-Mannbeim Corp- 
oration. 
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of Physical Review Letters (32, 1336; 
1974), following their demonstration 
of the phenomenon in Nature Physical 
Science (235, 63; 1972). 

In their experiment they studied the 
light absorbed rather than emitted by 
atoms. The intense light from a tune- 
able wavelength laser is shone on the 
atoms and is absorbed by a set of 
atoms whose component of velocity in 
the direction of the light enables the 
Doppler-shifted wavelength to be 
matched to their absorption. A weaker 
probe beam from the same laser, and 
therefore having the same wavelength, 
is made to travel in the opposite dir- 
ection so it will be ignored by this set 
of atoms but absorbed by another set 
whose members have an equal and op- 
posite velocity component. There is a 
special case when the wavelength is 
tuned to be such that the atoms which 
absorb the light are moving at right 
angles to the light paths and hence 
have a very small Doppler shift. Both 
sets then comprise the same atoms 
and these being partially saturated by 
the intense beam, absorb less of the 
probe beam. It is this decrease in 
absorption which is detected as a nar- 
row signal without any appreciable 
Doppler width as the laser wavelength 
is tuned through the spectral line. 

There is a double advantage in all 
this. First, the line-broadening Doppler 
effect, which previously blurred to- 
gether the closely spaced fine structure 
components of the spectral line, is 
eliminated. Second, as this technique 
entails absorption of nearly mono- 
chromatic laser light the interfero- 
meter used to measure the wavelength 
can have a very small spectral range 
and a high resolving power; previously 
all the fine structure components were 
excited simultaneously in a lamp and 
the spectral range of the interferometer 
had to be large enough to encompass 
them all, with a consequent loss of 
resolution. 

Hänsch ef al. measured the absolute 

wavelengths of some fine structure 
components in the Balmer-a lines of 
hydrogen and deuterium to determine 
a value for the Rydberg constant, 
which characterises the wavelength 
of the spectral lines, and a value for 
the isotope shift between hydrogen and 
deuterium, which essentially measures 
the ratio of the mass of the electron 
to that of the proton. The accuracy 
achieved was an order of magnitude 
greater than that obtained by the 
emission technique. 

Physicists in the past have used new 
techniques to measure accurately the 
spectrum of the hydrogen atom and in 
each successive instance the results 
have not agreed with the currene 
theoretical description. Each conse- 
quent improvement of the theory has 
revolutionised physics—witness Bohr’s 


concept of stationary states which led 
to quantum theory. And again, cooling 
the hydrogen lamp in liquefiru gases 
narrowed the spectral lines and revealed 
the fine structure which was ultimately 
explained by Dirac’s relativistic formu- 
lation of the quantum theory. Here the 
requirement of negative energy states 
suggested the existence of the positron 
and brought about the science of 
elementary particle physics. Further 
minute discrepancies (Lamb shifts), 
confirmed by another new technique of 
radio-frequency spectroscopy, resulted 
in the quantum theory of radiation 
fields and particles, quantum electro- 
dynamics (see Series, The Spectrum of 
Atomic Hydrogen, Oxford University 
Press 1957). Now measurements of in- 
creasing refinement can be anticipated 
using this latest technique of saturated 
absorption, particularly as what I have 
described is only one of a number of 
allied methods in which the natural 
resonances of atoms which give rise to 
their spectral lines can be explored by 
tuneable wavelength lasers. (One of 
these methods which is especially pro- 
mising is two-photon absorption which 
has recently been demonstrated experi- 
mentally, see, for example, Physics 
Today, 27, 17: 1974.) Modern: physics 
owes much to the exploration of the 
hydrogen atom at successively higher 
levels of precision and there is no 
reason to suppose that this process 
cannot continue. 
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Missing link in | 
* e 

folding of trypsin 
® @ ‘ad 
inhibitor 
from Barry Robson 
A PARALLEL could be drawn between the 
the folding of a globular protein and 
biological evolution in that both 
represent a transition from a state of 
disorder to one of order and function. 
Moreover, both processes have their 
missing links without which it is impos- 
sible to verify hypotheses concerning 
mechanism. The difficulty of finding the 
mising links in the folding of a glob- 
ular protein is because the process is, 
for most proteins, approximately two 
state, involving unstable and short- 
lived intermediates which cannot 
normally be isolated. Three articles by 
Creighton (J. molec. Biol., 87, 563, 579, 
603-624; 1974) describe a procedure for 
trapping and characterising such inter- 
mediates. 

As an experimental system, Creighton 
chooses bovine pancreatic trypsin in- 
hibitor, a small proteineof only 58 
amino acid residues which inhibits the 
catalytic function of certain other 
proteins, including trypsin and chymo- 
trypsin. The native structume of the 
inhibitor as glatained from living tis- 
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sue has been well characterised by 
X-ray crystallographic analysis (Huber 
et al, Naturwissenschaften, 57, 389- 
392; 1970). As in the case of other 
globular proteins, the native structure 
is a compact, relatively rigid confor- 
mation maintained by non-covalent 


interactions (that is by van der Waals, o : 


electrostatic, hydrogen bond and hydro-. 
phobic interactions), as well as by cov- 
alent disulphide bridges between cys 


residues. Trysin inhibitor has three 
such disulphide bridges. 
Since this compact, biologically 


active structure is to be the end point 
of the folding process, Creighton first 
unfolds the inhibitor in a concentrated 
solution of guanidinium chloride, 
which breaks the non-covalent inter- 
actions, and dithiothreitol, which breaks 
the disulphide bridges. In such condi- 
tions it is known that typical protein 


molecules assume highly flexible, open 


conformations which are, | 
speaking, not single states at all but a. 
whole collection of conformational 
states of roughly equivalent energies 
separated by low conformational energy. 
barriers. The importance of starting — 
with this collection of states is that all 
the information for directing the folding 
process towards the native conforma- 
tion must initially reside only in the 
sequence of amino acid residues char- 
acteristic of trypsin inhibitor and ulti- 
mately coded for in the chemical 
structure of the gene. It is therefore 
regrettable that the conformational dis- — 
order of the inhibitor was not actually | 
proven before refolding, but only 
assumed by analogy to the behaviour of 
other proteins in these conditions. Al- 
though Creighton’s indirect evidence 
for initial conformational randomness 
does not, however, exclude the poss- 
ibility of a fairly high degree of residual 
conformational structure, nobody 
would deny that the absence of such 
structure is a reasonable bet which one 
hopes will be verified by future hydro- 
dynamic tests. 

Creighton initiates refolding of this 
assumed random structure by removing 
the guanidinium chloride by dilution 
and adding a disulphide reagent such as 
oxidised dithiothreitol. The refoiding 
reaction is then quenched at different 
times by the addition of iodoacetate or 
iodoacetamide which stop the further 
making and breaking of disulphide 
bridges. The species so trapped at 
various stages of refolding are sub- 
sequently analysed by acrylamide gel 
electrophoresis. 

When any remaining unbridged 
residues of the trapped intermediates 
are carboxymethylated, the relative 
mobilities of the intermediates in the 
acrylamide gel reveal that some con- 
tain one and some two disulphide 
bridges. Consideration of the time 
course of the appearance and disap- 
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pearance of these intermediates shows 
that the folding can be considered to 
occur in three steps, each associated 
with the appearance of a further 
disulphide bridge. The first step is the 
formation of  one-disulphide inter- 
mediates which are in rapid equilibrium 
with each other. The rate-limiting step 
in their disappearance is the formation 
of two-disulphide intermediates which 
are rapidly converted by the formation 
of the third bridge into the biologically 
active inhibitor. 

Those intermediates with one 
disulphide bridge are more closely 
investigated, largely because results 
concerning the two-disulphide inter- 
mediates are less reproducible. The 
most abundant species of single disul- 
phide intermediates has a disulphide 
bridge between cys residues at positions 
30 and 51 in the amino acid sequence, 
and constitutes about half the popula- 
tion of single-disulphide molecules. The 
next most abundant species has a di- 
sulphide bridge between cys-5 and 
cys-30, and constitutes about one 
quarter of the population. Two minor 
species, involving bridges between cys- 
30 and cys-55 and between cys-5 and 
cys-51, are also detectable. 

Returning to the analogy with bio- 
logical evolution, the importance of the 
predominating species with a bridge at 
cys-30 to cys-51 is that this bridge con- 
stitutes a ‘living fossil’ in the sense 
that it survives to appear in the native, 
folded structure. Contemporary theories 
of protein folding lay great emphasis 
on the importance of such ‘living 
fossils’. It is widely held that local 
arrangements of the backbone of the 
protein, such as @ helix and -pleated 
sheet, form early during the folding but 
survive to appear in the native struc- 
ture because of their intrinsic stability. 
Since none of the other detectable di- 
sulphide bridging arrangements appears 
in the native structure, it is interesting 
to consider whether the 30-51 bridge 
fits in with this notion. Creighton 
points out that in the native structure 
cys-30 occurs in the middle of a B- 
pleated sheet region and cys-51 in the 
middle of an a-helical region. Since the 
initial formation of helix and pleated 
Sheet regions is generally supposed to 
be followed by mutual association, the 
early appearance of a bridge between 
cys-30 and cys-51 is consistent with the 
early appearance of the helix and 
pleated sheet features in which they 
occur, 

A further bonus is that the early 
formation of the &-pleated sheet region 
would account for the correct thread- 
ing of the backbone. Correct threading 
is a particular problem for trypsin 
_ inhibitor because to arrive at the native 
_ conformation the backbone must ebe 
passed through the loop formed by 
the 30-51 bridge. Without the initia! 


formation of the f-pleated sheet, it 
would be hard to see the factors which 
select for correctly threaded molecules. 

Because of the emphasis on disul- 
phide bridging it might seem paradoxi- 
cal that the usefulnes of Creighton’s 
results depends on cys residues not 
having a special role in the folding of 
proteins. In fact it is crucial that 
disulphide bridges form only when the 
conformation of the molecule, deter- 
mined by other factors, will permit. 
Hence the trapping of the disulphide 
intermediates is intended merely to be 
a device for freezing the folding pro- 
cess at any moment in time and it is 
hoped that the disulphide bridges which 
form are an effect, never a cause, of 
the conformational preferences of the 
intermediates. In order to satisfy this 
ideal it is necessary that an interaction 
between cys residues is no stronger 
than non-covalent interactions between 
other sidechains at the time of folding. 
Although the covalent nature of the 
disulphide bridge would seem to make 
this an unrealistic ideal, the disulphide 
bond is in fact a labile association 
whose stability is determined by the 
reducing potential of the environment. 
It is therefore very pertinent that, as 
pointed out by Creighton, trypsin in- 
hibitor is synthesised biologically in 
conditions where the reducing potential 
actually disfavours disulphide bridge 
formation. Evidence summarised by 
Creighton would seem to suggest that 
cys residues are cunningly placed by 
nature so as to form stabilising disul- 
phide bridges in an extracellular oxidi- 
sing environment, but that they have no 
relevance to the normal folding process. 

The most general conclusion of this 
work is that a non-random mixture of 
conformations can be formed early 
during the folding process, and that 
some of the features of the most 
sbundant intermediates may survive to 
appear in the native conformation. The 
most important result specific to 
trypsin inhibitor is that the missing link 
from the early stages of folding is 
represented by the disulphide bridge 
cvs-30 to cys-51. 


Meteorites 
and rabbits 


from David W. Hughes 

THE collection of meteorites in the 
Australian Museum has increased 
enormously in the past few years, and 
a large portion of the new material 
has resulted from thee activities and 
interests of a group of rabbit trappers 
who criss-cr@&s the Nullabor Plain on 
motor cycles. In fact, out of 36 
meteorites recovered from the plain 24 
were found by the members of one 
family, tle Carlisles. The added in- 
volvement of the Kalgowslie School of 
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Mines and the Western Australian 
Museum has increased the rate of de- 
tection of meteorites from 16 per dec- 
ade, which remained constant between 
1897 and 1966, to around 80 per decade 
since 1966. 

Until the latest count (Rec. Austr. 
Mus., 29, 169; 1974), reported by Mason 
(Smithsonian Institution, Washington 
DC), irons formed the most numerous 
group of Australian meteorites. This 
is in marked contrast to general world 
statistics, in which stones predominate. 
A possible explanation for this is that 
meteoritic iron may have provided raw 
material for swords and ploughshares. 
Iron meteorites would therefore have 
been consumed rapidly once a native 
people had acquired the facility for 
working metal. Significantly, that 
facility is not possessed by the 
Australian aborigine. Stone meteorites, 
which had no practical use, were 
invariably worshipped. Moslem pilgrims 
to Mecca pay homage to the sacred 
black stone of Kaaba, and in Japan 
the Ogi meteorites were worshipped 
for 150 years in the belief that they 
were weights which had fallen from 
the loom of the Goddess Shokujo who 
lived on the shores of the Heavenly 
River (the Milky Way). 

The problems of estimating the in- 
flux of meteorites and the ratio be- 
tween stones and irons have been dis- 
cussed by Nininger (Out of the Sky, an 
Introduction to Meteoritics, Dover 
New York: 1952) who searched for 
witnessed and unwitnessed meteorite 
falls for more than 30 years. Campaigns 
among rural populations in the United 
States were designed to acquaint 
farmers and ranch dwellers with the 
appearance and importance of 
meteorites. Directions were given for 
simple field tests to distinguish 
meteorites from terrestrial rocks and 
a price was offered for specimens as 
an inducement to all to keep on the 
lookout and report them. The pro- 
gramme was very successful: the 
number of finds increased dramatically 
and eventually the content of the 
Nininger Collection nearly mirrored 
the prevalence of meteorites in space 
(where irons make up 6% by number, 
stony-iron 2%, and stones 92%). 

In Australia the intensive prospect- 
ing for gold and other minerals led 
people to expect a reasonable yield 
of meteorites. But, unfortunately, the 
prospectors avoided the flat, sandy, 
desert regions of the interior plains 
where meteorites would be more ob- 
vious. Stockmen and ploughmen may 
have found meteorites but, unlike the 
prospector, they generally had no 
interest in unusual rocks. On the 
Rullabor Plains, however, the person- 
nel at the Kalgoorlie School of Mines 
have encouraged an active interest 
among the rabbit trappers. 
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Nitrosoguanidine mutagenesis during nuclear 
and mitochondrial gene replication 


Ian W. Dawes and Bruce L. A. Carter 


Departments of Microbiology and Zoology, University of Edinburgh, Edinburgh EH9 3JG, UK 


The timing of individual nuclear gene replication during 
S phase in an eukaryote can now be studied by nitro- 
soguanidine mutagenesis. Using this technique, results 
also suggested that mitochondrial DNA replication is 
synchronous and a late event in the cell cycle. 





In prokaryotes the mutagen N-methyl-N’-nitro-N-nitroso- 
guanidine (NG) is thought to induce mutations selectively at 
the DNA replication fork’? and NG mutagenesis at different 
stages of the cell cycle has provided information on the 
order and timing of indiviual gene replication’. 

In eukaryotes, techniques do not exist for determining 
the ordering of DNA replication at the gene level. We 
have therefore tested whether NG induces mutations during 
DNA replication in yeast and whether the temporal 
ordering of replication of genes on individual chromosomes 
and the timing of replication of chromosomes relative to 
each other is feasible using the NG mutagenesis technique. 

The budding yeast, Saccharomyces cerevisiae, is an 
appropriate test organism. Nuclear DNA synthesis occurs 
during a restricted period of the cell-cycle which can be 
divided into Gl, S, G2 and M phases*. Yeast populations 
can be synchronised or fractionated according to cell 
age’’ in the division cycle. An adequate genetic map has 
been developed with most of the 17 known chromosomes 
well marked’ and NG has been shown to be an effective 
mutagen’, 

In adition to the nuclear genetic complement, yeast mito- 
chondria contain mitochondrial DNA (mit DNA). Using 
the best available estimate’, each haploid cell contains about 
50 mit DNA molecules. A few markers on the mitochon- 
drial genome have been identified and progress has been 
made in constructing a genetic map. The pattern of mit 
DNA synthesis during the yeast cell cycle has been the 
subject of conflicting reports. Cottrell and Avers, using S. 
cerevisiae, and Smith et al. with Saccharomyces lactis, 
concluded that the replication of mit DNA occurs over a 
restricted period at a different stage in the cell cycle to 
nuclear DNA replication’. Williamson and Moustacchi, 
however, observed that mit DNA synthesis was continuous 
throughout the cell cycle in S. cerevisiae’ 

If NG treatment of yeast results in enhanced mutation 
at the replication fork for both nuclear and mit DNA it 
should be possible to delineate both periods of synthesis 
within the cell cycle. If mit DNA synthesis is synchro- 
nous and occurs during a restricted part of the cellecycle 
different from that for nuclear DNA synthesis, then muta- 
tions showing mitochondrial inheritance should be induced 
by NG only during that part of the cell cycle. o¢ 
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To study the effect of NG on both nuclear. an on 
DNA, readily detectable forward mutations. are rec 
Those for acquisition of resistance to antibiotics ‘aft 
mitochondrial functions are suitable because’ resistan 
erythromycin™ or oligomycin" can arise by nuclea ' 
mitochondrially-inherited mutation. 

As yeast cells increase in size throughout the cell Ç ( 
and can be separated according to size by zonal. ‘rot 
centrifugation, the cell cycle is represented across. - 
rotor after centrifugation of an exponential culture. = 

Cell age during the cell cycle is approximately. linea 
related to fraction number obtained from the ZO 
in our conditions. This was shown by measurin 
volumes during growth of a synchronous culture a 
different experiment in fractions obtained after zonal 
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‘ig. 2 NG-induced mutagenesis to ER‘ as a function of cell age. 
An exponential population of strain ID- grown to 107 cells 
mi~ on YEPG at 30° C was washed by centrifugation in sterile 
0.2 M potassium acetate (KAc; pH 5.5) and resuspended in 
KAc containing NG (0.5 mg ml~!). After 15 min at 30° C the 
cells were centrifuged, resuspended in 40 ml sterile water and 
separated into fractions in the zonal rotor. Viable cell concentra- 
tion in each fraction was determined by counting on YEPD 
plates. ER‘ mutants in each fraction were scored after 4d 
©) and 7 d (@) by plating between 10° and 10’ survivors on to 
each of six YEPG plates containing 0.4 mg erythromycin ml ~+. 


centrifugation of an exponential population. Cell age 
from the synchronous culture plotted against fraction 
number in which the mean cell volume was identical gave a 
near linear curve. l 

Figure I shows the average DNA content per cell for 
fractions obtained by zonal rotor centrifugation of strain 
ID-1 growing exponentially in YEPG medium (1% yeast 
extract, 2% bactopeptone, 3% glycerol; mean generation 
time: 3.5 h) As the zonal rotor separates yeast populations 
into fractions according to stage in the cell cycle, and the 
majority of DNA in the yeast cell is nuclear DNA (ref. 4), 
it is clear that nuclear DNA replication in ID-1 takes place 
mainly during the second quarter of the cell cycle, as in 
other strains of S. cerevisiae’. 


Mutation frequency as function of cell age 


An exponential culture of ID-1 growing on YEPG was 
exposed to NG (0.5 mg mi’) for a brief part (15 min) of 
the cell cycle (3.5 h) and separated into fractions according 
to cell age. The distribution of mutants resistant to 0.4 
mg mi~’ erythromycin (ER‘) as a function of cell position 
on the zonal rotor is shown in Fig. 2. These data were 
plotted for mutants appearing on plates after 4 d and 7 d 
incubation. As similar results were obtained on pl8tting 
mutants per total cells in each fraction NG inactivation was 
not markedly cell cycle dependent. 

NG-induced mutation to ER" otcurred at an increased 
frequency in two regions of the cell cycle (repres*nted by 
fractions 7~14 and 22-25 in Fig. 4). Three peaks of suscept- 
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ibility to mutagenesis to ER” (fractions 7, 11 and 14) were 
found in the initial period of mutant induction coincident 
with nuclear DNA synthesis (Fig. 1). In contrast, ER’ 
mutants induced later in the cell cycle were found in a 
single large peak (fractions 22 and 23) in a region of 
the rotor containing cells close to cell division. Mutants 
induced in later fractions of the zonal rotor appeared 
earlier on selective plates than most of those in fractions 7 
to 14, indicating possible differences in these two groups of 
mutants. 

If NG acts mainly at the replication point in S. cerevisiae, 
ER" mutants induced in fractions 7-14 during S phase 
should show normal Mendelian segregation of the resistance 
marker from the cross to a sensitive strain. Results of the 
relevant genetic tests are summarised in Table 1. Most 
(seven of nine tested) of the mutants in fractions 7, 11 and 
14 were the result of a nuclear mutation, the other two 
were cytoplasmic. All mutations in fractions 22 and 23 were 
cytoplasmically-inherited on the basis of the following 
criteria. First, the segregation of stable mutant and wild- 
type diploid cells during vegetative division of the diploid 
formed from a cross of the mutant to a sensitive strain: 
second, the tetrad ratios of 4: 0 and 0: 4 (sensitive : resistant) 
following meiosis of diploids formed in a cross with a 
sensitive strain; third, most p~-petites derived from the 
resistant mutants by continuing exposure to ethidium bro- 
mide led to sensitive diploids on crossing with a sensitive 
strain. 

By testing 16 mutants from each fraction, it was found 
that nuclear ER" mutations in fraction 14 differed from 





Table 1 Characteristics of ER € mutants from the zonal rotor fractions 





Cross to sensitive strain Effect of 
Fraction/mutant Diploid ASscus ethidium 
phenotype* segregation bromidet 
of resistance 
7 I Mixed 4:0 and 0:4 Loss 
2 Sensitivet 22 Retention 
3 Sensitivey a2 Retention 
ji I Sensitivet 22 Retention 
2 Sensitive 2'2 Retention 
3 Mixed 4:0 and 0:4 Loss 
14 | Resistant 2:2 Retention 
2 Resistant 2:2 Retention 
3 Resistant 222 Retention 
22 ł Mixed 4:0 and 0:4 Loss 
2 Mixed 4:0 and 0:4 Loss 
3 Mixed 4:0 and 0:4 Loss 
23 | Mixed 4:0 and 0:4 Lass 
2 Mixed 4:0 and 0:4 Loss 
3 Mixed 4:0 and 0:4 - Lass 





* Mutants were crossed to an ER * strain and diploid clones tested 
for resistance or sensitivity to the antibiotic. 

+ Mutants were treated with ethidium bromide to produce petites 
and these were crossed to a grande sensitive strain. Diploids so formed 
were tested for presence or absence of resistance allele directly or 
after tetrad dissection. 

t Diploids showed slight growth on selective plates. 


those in the other two nuclear peaks in being completely 
dominant to the ER* allele. If the peaks in susceptibility 
to mutation during nuclear DNA replication represent 
mutation at different loci, recombination between them 
should be possible. Random spore analysis of the cross 
between haploids carrying mutations 11.2 and 14.1 (derived 
from the ER"XER* dissections) indicated that linkage 
was Not detectable by this method as approximately 25% 
ER* recombinants were recovered (8 from a total of 35 
spores). Analysis of the crosses of mutants derived from 
feaetion 7 with those from 11 or 14 was not satisfactory 
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Tece of poor viability of spores and inability to dis- 
rupt tetrads in these crosses, although several ER* spores 
(two out of five) were recovered from the cross 7.2 with 
‘A441. 


‘Mutation to oligomycin resistance 
As mitochondrial mutation to ER" represents mutation in a 
restricted region of the mitochondrial genome it is im- 


portant to study other mitochondrial loci distinct from those 


for resistance to erythromycin. Those for resistance to oli- 
gomycin, a mitochondrial ATPase inhibitor, are suitable as 
they are not linked to the segment of the mitochondrial 
genome specifying functions of mitochondrial ribosomes”. 

Figure 3 shows the frequency of induction of OL” and ER” 
mutants as a function of cell age. An exponential culture 
of ID-1 was treated with NG, separated into fractions 
according to cell age and assayed for mutants resistant to 
either antibiotic. OL” is induced at the same stages of the 
cycle as ER", particularly for the later part of the cell 
cycle in which OL" and ER’ mutants reached peak concen- 
tration in the same fraction. During the S phase there were 
two main peaks of susceptibility to mutation to OL’. These 
occurred within the same cell age range as those for 
resistance to erythromycin although in one case at least 
the OL” mutation was induced in cells of different age from 
those for ER”. This result is expected as the sites of action 
of the two antibiotics differ, erythromycin inhibiting mito- 
chondrial protein synthesis whereas oligomycin inhibits the 
mitochondrial inner membrane ATPase complex. Nuclear 
mutations conferring resistance to one antibiotic need not 
necessarily confer resistance to the other. 

Preliminary characterisation of the various fractions had 
led to the identification of cytoplasmically-inherited OL’ 
mutations from the late peak of mutants in Fig. 3. These 
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| g the cell cycle. Experimental details were as those in 

o Fig. 2. OL" mutants (©) were scored after 4 d 
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were mixed with a fairly high background of n 
mutants, in contrast with the ER” mutants in whic 
nuclear region was contaminated with a low backgrou 
those of cytoplasmic origin. The majority of ER’ muti 
tested were OL*. : 

At concentrations similar to those used for yeast. 
genesis, NG induces up to 40% petites in $. cerevisi 
this is due to a direct mutagenic effect of NG at. 
specific loci, as seen in the induction of drug. resi 
fraction of petites in survivors from NG mutagenesis. should 
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Fig. 4 Petite induction by NG during the cell cycle. Plates used 
for estimating viable cell concentrations in the experiment shown 
in Fig. 2 were used to determine the percentage of petites among 
survivors by the triphenyltetrazolium chloride agar overlay tech- 

nique of Ogur et al.™. eae 


show similar variations with cell age. Petites were not. 
induced by NG in the same way as drug resistance but were. 
found in all fractions from the zonal rotor at a frequency o 
20% in young cells continuously decreasing to 10%" ‘in 
doublets (Fig. 4). Ee 


DNA replication and NG mutagenesis 


Evidence that NG-induced mutation occurs primarily at č 
the DNA replication point derives mainly’ from prokaryotic — Sp 
studies and is based on the observation in synchronous 
cultures of a correlation between the time during eli 
cycle of induced reversion at a locus with its map order on — 
the bacterial chromosome’. Furthermore, in Escherichia _ 
coli and Salmonella typhimurium, NG induces double 
mutations at high frequency and these usually show close i 
linkage’. a 
In eukaryotes, NG-induced mutation at enhanced 3 
during DNA replication has been shown in Chlamydom 
reinhardtii’. In this system a slight increase in mut 
a cyfoplasmic locus was found during chloroplast 
replication. The results with yeast extend these ob 
to show that mutation at a specific nuclea 
example that conferring*dominant ER”) occurs on 
a brief terval of the S phase, and that diffe 
sensitive at different points in the S phase. Wi pt 
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this is a result of mutagenesis in loci replicating at different 
times during S phase. This differential sensitivity, and its 
correlation with the period of nuclear DNA replication, 
makes it unlikely that selective NG mutagenesis is the 
result of changes in membrane permeability or detoxifi- 
cation of the mutagen during the cell cycle. 

Regardless of the molecular mechanism by which NG 
mutagenesis is correlated with the process of DNA 
replication, it may now be feasible to map the temporal 
ordering of chromosomal replication in an eukaryote in 
much more detail than hitherto has been possible, as 
mutations in different loci replicating at different times 
during S phase can be resolved by zonal centrifugation. 

Autoradiographic studies of a number of eukaryotes have 
shown that chromosomal replication follows a sequential 
and heritable pattern”. For example, certain chromosomes 
and regions of chromosomes consistently replicate late in 
successive cell cycles and in Physarum DNA replicated at a 
particular point in one S period is replicated at the same 
point in the next S phase’. Our experiments extend this 
observation to the level of individual gene replication. In 
spite of the existence of 17 chromosomes in S. cerevisiae 
and the probable existence of multiple replication origins 
on each chromosome, duplication of a particular locus 
always occurs at a fixed time in the S phase of the cell cycle 
since it is possible to distinguish separate peaks of NG- 
induced mutation at different nuclear loci after zonal 
centrifugation. 


Mitochondrial DNA replication 


Haploid yeast cells apparently contain approximately 50 
circular mit-DNA molecules, each 25 um long’. If NG acts 
selectively during mit DNA replication, the simplest inter- 
pretation of our data on coincident induction of cytoplas- 
mic ER" and OL" mutations is that all copies of these two 
genetically distinct regions of the mitochondrial genome are 
replicated during the same brief interval late in the cell 
cycle. It is possible that all copies of the complete mito- 
chondria! genome are replicated synchronously late in the 
cell cycle. 

The hypothesis that mit DNA replication is periodic and 
a late event in the cell cycle is consistent with some bio- 
chemical data for diploid S. cerevisiae! and S. lactis? but 
differs from that of Williamson and Moustacchi who 
reported continuous synthesis of mit DNA in diploid S. 
cerevisiae populations synchronised by alternate feeding 
and starving’. The direct test of these alternatives will 
come from biochemical assays of mit DNA replication. 

These discrepancies may be due to strain differences, or 
may result from varying approaches in studying the cell 
cycle. Our experiments examine a normal cell cycle as 
exponential cultures are treated with the mutagen and then 
separated according to stage in the cell cycle. Feeding 
and starving is a form of induction synchronisation and may 
not result in a normal cell cycle because artefacts resulting 
from metabolic disturbance and failure to synchronise all 
cell activities” can occur during induction methods. Mitchi- 
son has shown the cell cycle is comprised of two cycles, the 
growth and the DNA-division cycles. The former is not 
synchronised by induction methods, and some events which 
normally occur periodically during the cell cycle appear 
continuously”, 

Our results show a striking difference between petite 
induction and mutagenesis to antibiotic resistance. Petites 
were induced at all stages of the cell cycle, at a rate 10,000 
times greater per survivor than mutation to ER‘. This could 
be indicative of a fundamental difftrence between the mode 
of petite induction and the mechanism of mutag®nesis by 
NG. NG is known to alter the activity of proteins” and if as 
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suggested by Williamson*, a repression mechanism operates 
to regulate mitochondrial integrity, NG could act in petite 
induction by causing a phenotypic alternation in the activity 
of a repressor. This would be distinct from a mutagenic 
process as is the induction of petites by 5-fluorouracil’. 

it is frequently difficult to demonstrate activity of muta- 
genic compounds in induction of mitochondrial mutation. 
The recovery of a peak of mitochondrial mutants at late 
stages in the cell cycle following NG treatment indicates 
that this compound is an effective mutagen for the mito- 
chondrial genome. 

NG mutagenesis, in conjuction with techniques for 
separation of populations according to the stage reached 
in the cell cycle provides a powerful selective technique for 
enrichment of particular mutants, and the ability to ‘direct’ 
mutagenesis discussed by Cerda-Olmedo et al.' may now be 
possible in eukaryotes. 

NG induces mutations conferring resistance to anti- 
biotics affecting mitochondrial function at two stages of the 
cell cycle. One stage is coincident with nuclear DNA 
replication while the other is late in the cell cycle and may 
be that at which mitochondrial genes are replicated. A 
particular nuclear gene is susceptible to NG mutagenesis 
only at a specific time during S phase and different unlinked 
nuclear genes are sensitive at different times during S phase. 
NG is presumed to act during gene replication, and it should 
therefore be possible to determine in yeast the temporal 
pattern of chromosomal replication at the gene level. 
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Arthur R. Jensen 
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Professor Jensen replies to criticism of his book Edu- 
cability and Group Differences made by Professor J. M. 
Thoday in a review published in Nature. 


I wisH to reply to the two main points of criticism made 
in the review of my book, Educability and Group Differ- 
ences, (Methuen, London, 1973) by Professor J. M. Thoday 
in Nature (245, 418-420; 1973). 

1 had reported that when white and negro children 
were matched for a particular IQ score, say 120, the 
siblings of the two racial groups differ in average IQ, and 
that the difference is consistent with the phenomenon 
known as ‘regression to the mean’. The white siblings 
regress toward the white population mean IQ of 100, the 
negro siblings toward the negro population mean of 85. 
The amount of regression is predictable in both racial 
groups from a genetic model in which the genetic correla- 
tion between sibs is 0.05 and the heritability, h’, of IQ is 
0.80. The same model, using different empirically estimated 
values for h’, is applicable to any other continuous traits, 
such as height, weight, and fingerprint ridges. (In the pre- 
sent example, approximately the same amount of sibling 
regression was found for height as for IQ, and the same 
equation predicts as well for negroes as for whites.) All 
these findings are consistent with an already existing poly- 
genic model which has proven theoretically valuable in 
understanding variation in metrical characteristics, physi- 
cal and behavioural. 


Factor X 
But Thoday claims that a finding such as I reported 
“. . . adds nothing whatsoever to the strength of the 
genetic hypothesis” on the ground that the evidence is 
also as compatible with an explanation in terms of a hypo- 
thetical environmental “factor X” as in terms of the genetic 
hypothesis. But “factor X” is, of course, a purely ad hoc 
hypothesis. No previous environmentalist theory or model 
has been put forth which would have predicted the quanti- 
tative aspects of these findings, nor the linearity of regres- 
sion throughout the middle 98% of the IQ range, nor the 
similarity of regression for IQ, height, and weight, nor the 
fact that the same regression equation works equally well 
for both racial groups. All these points, whcih are consis- 
tent with a much larger body of genetical theory and find- 
ings applicable to all organisms, would have to be regarded 
as coincidences in terms of the purely ad hoe hypothesis 
that some as yet unidentified environmental ‘factor X” is 
responsible. The findings, of course, cannot prove or dis- 
prove any ad hoc hypothesis which is invented expressely 
to explain them. But the fact that they are consistent with 
a genetic model which is not ad hoc is a point in favour of 
the genetic explanation. Philosophers of science, I believe, 
would support my contention. In fact, ¢ forthcoming atticle, 
Ree ‘Progress and Degeneration in the IQ Debate’ by Dr 
Pe er Urbach (Br. J. Phil. Sci.) argues that the chief weak- 
ness of the environmentalist position is its extreme recoyrge 
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to ad hoc explanations, often mutually inconsistent, of finds 
ings which were predicted by, or which easily fit into the see 
framework of, already existing genetical theories supported : 
by a growing internally-consistent network of evidence. — 
Thoday’s second criticism is intended as an example of a 
uncritical acceptance by me of some evidence which seems 
to favour a genetic hypothesis. 
It involves my reference to a published study by” D 
Lemos, which shows that a sample of full Austra 
aboriginals performed significantly less well on SEVÈ 
Piagets tests of conservation than did part abori 
(with the average genetic equivalent of one Cauca 
greatgrandparent), despite the fact that the two gro ps 
shared much the same general environment without 
distinguishable systematic environmental differences . 
tween the full and part aboriginals. Since the Piageti 
tests, which are intended to reflect changes in ment 
maturity, are sensitive to age differences, and DeLemos’ 
subjects ranged in age from 8-15 yr, Thoday conject es 
that the findings reported by DeLemos could be an arte 
of her not having controlled for age. The much mo: 
tailed presentation of the data and other analyses in _ 
Lemos’s PhD thesis (460 pages), of which I obtain 
microfilm copy in 1967 and on which her later pub 
article was based, however, shows that Thoday’s statem 
that “the data cannot be regarded as demonstrating 
the ancestry difference has significant effects” is not borne 
out by the evidence. Nor did I notice any other like 
artefacts in my reading of DeLemos’s thesis. My persona 
discussion of this research with Dr DeLemos, in 1969, 
added to my confidence in her conduct and analysis of the: 
study. one 


Partial correlations 


The invalidity of Thoday’s conjecture can be demans 

trated perhaps most simply by a reanalysis of the original 

data provided by DeLemos, using partial correlations, I- 
have performed this analysis, based on all 80 subjects from 

the Hermannsburg group (42 full and 38 part aboriginals) E 
ranging in age from 8-15 yr. Intercorrelations were obtained 
between age in months, the exact percentage of Caucasian = 
ancestry, and total score on the six tests of conservation- 
(each test scores as 0, nonconservation, 1, transitional; 2, 
conservation). The zero order correlations among these vari- 

ables are: age X % Caucasian ancestry: r=0.192 (P<0. 05); 

age X total conservation score: r=0.350 (P<0.01); % Cauca- 

sain ancestry X total conservation score: r=0.478 (P<0. 01). 

If the correlation between ancestry and conservation score 
depends upon the correlation of each of these variables 

with the third variable, age, for example, then the partial 
correlation between ancestry and conservation, with the — 
effect of age statistically held constant, should be reduced. 
to a value not significantly greater than zero. If, on: the 
otheg hand, the partial correlation is significant, it m 
that ancestry makes some contribution to the con 
score independently of age. The partial correlation 
Caucasian ancestry and conservation score 
(indepegdent of age) to be 0.448, which is. sig 
greater than zero at the 1 % level of confidence 
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complex type of analysis (ANOVA of total conservation 
scores, with ancestry nested within 1 yr age groups), too 
involved to present here but which does not make any 
assumptions about linearity of regressions as is implicit 
in partial correlations, fully supports this conclusion that 
DeLemos’s finding is not attributable to age differences 
between the full and part aboriginals. Also, it can be shown 
that the sex of the subjects has no signficant relationship 
to any of the other variables in Delemos’s study. 

The fact that another study of conservation in full and 
part aborigines, by Dasen (published in 1972, after my cita- 
tion of the DeLemos study was in press), failed to find a 
significant relationship between ancestry and conservation 
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performance does not automatically invalidate the DeLemos 


study, which appears methodologically at least as sound as 
the Dasen study. The latter involved certain procedural 
and sampling differences, so that it cannot be regarded as 
a true attempt at replication of the DeLemos study. Dasen’s 
discrepant findings do mean, however, that the findings by 
both DeLemos and Dasen are not clearly understood in 
terms of the precedural variables affecting performance 
and that neither’s results are generalisable to the general 
population of aboriginals or to other tests of conservation. 
The only answer for this state of affairs, which is of course 
a common occurrence in empirical research, is to syste- 
matically pursue further investigations in the same vein. 





Absence of soft X rays from Eta Carinae 


THE X-ray telescopes on OAO-Copernicus have been used to 
search for X-ray emission from n Carinae. The instrumentation 
has been described elsewhere'~*: briefly, it comprises two para- 
boloidal X-ray telescopes operating in the energy ranges 0.5- 
1.5 and 1.5-4.6 keV, with a separate collimated proportional 
counter operating from 2.5-7.5 keV. 

The energy source of n Car, first seen in the optical spectrum? 
and now in the infrared’, is not yet entitely clear®-*. Thackeray® 
suggested that it belongs to a new, slow class of supernovae 
associated with the birth of an expanding stellar association, 
and Ostriker and Gunn’ have developed a supernova model of 
large mass (œ SOM@) energised by a central neutron star and 
emitting synchrotron radiation from the surrounding nebulosity 
in the optical and infrared*. Alternatively’, the object may be 
a very massive star (600-100M @) which is vibrationally unstable 
and has ejected a fraction of a solar mass to form the observed 
nebulae and condensations®; or it could be a very young massive 
Star approaching the main sequence**®, On either of these last 
two hypotheses the radiation is entirely thermal: the optical 
continuum results from a hot central star or from two-photon 
emission from metastable hydrogen, and is distorted by redden- 
ing in a circumstellar dust cloud?® which re-emits the absorbed 
radiation in the infrared, The thermal model, more 
probably involving a hot central star, is strongly supported by 
the relative intensities of emission lines of hydrogen!® and 
permitted™ and forbidden’ Fell, by the detailed analysis of 
Davidson” and by the presence of silicate bands near 10 um 
(ref. 16); but measured intensities of [S II] lines do not show the 
expected intrinsic reddening”. 

On the synchrotron model, inverse Compton scattering may 
lead to an observable X-ray flux'*, which would probably be 
accompanied by intense synchrotron X rays if the ‘pulsar’ 
mechanism were operative. On either model the observations of 
an expanding shell moving out into the surrounding medium 
must imply the presence of a shock wave with compression and 
heating of the ambient gas to a temperature at which the emis- 
sion of X rays becomes important. An observation of n Car in 
X rays would therefore be of great value in helping to decide 
between the two models and in setting constraints of the physical 
parameters involved. 

A soft X-ray source found in a scanning rocket experiment!” 
was located somewhere near the galactic equator and within 
0.3° of the galactic longitude of n Car, with which it was 
tentatively identified. This unconfirmed identification led 
Davidson and Ostriker®® to comment on the parameters of the 
thermalised shock front which precedes the expandinggshell and 
which was assumed to account for the X rays observed below 


2.7 keV. They concluded that the shell must be moving into a 
surrounding medium of density ~ 2,000 cm`?, which was rather 
difficult to account for, because it implied that n Car had not 
cleared a cavity around itself by mass outflow before the large 
outburst of 1843. Another possible consequence of this model is 
that the green coronal line [FeXIV] A 5,303 may be present in 
the visible spectrum”!. A spectral tracing from the Radcliffe 
Observatory indicates that this line, if present at all, is consider- 
ably weaker than predicted, but this negative result cannot be 
treated as a very conclusive test of the shock model. The pulsar 
model seems, on the other hand, to have been ruled out by the 
steep slope and modest intensity of the observed X-ray flux”, 
even if the identification’® with n Car were correct. 

Eta Car was observed by the X-ray telescopes on board OAO- 
Copernicus on May 25, 1973. Both telescopes used the largest 
field of view (equivalent beam width 12 arc min) and were 
pointed ‘on’ and then ‘off’ the source for six sets of observations 
of about 14 min each. The slew ‘off’ the source was of about 5° 
in range, and provided a reliable background estimate. No 
statistically significant difference in count rate was observed in 
either telescope, which leads to the upper limits (at the 2a level) 
shown in Table 1. Similarly, no significant count rate was 





Table 1 Upper limits to the X-ray flux from n Carinae 


Energy band (keV) 0.5-1.5 1,5-4,6 2.5-7.5 
Total count 

rate (5%?) <0.01 <0.13 < 0.025 
Maximum energy 

flux in band erg 

em-"s7} 1.6 x 10" 4x Jon 2 x 10n} 





recorded in the collimated proportional detector, which has a 
3° field of view; the corresponding upper limit (Table 1) is 
slightly below the threshold of the third Uhuru catalogue of 
X-ray sources**, which is 3.4 x 107% erg em? s7?(2 Uhuru units) 
over the energy range 2-6 keV. An upper limit to the X-ray 
luminosity L, of the source, between 0.5 keV and 7.5 keV can be 
obtained by removing the assumed effect of a column density 
Na = 3 x 10% cm? on the maximum flux observed in the 0.5-1.5 
keV band and extrapolating the continuum to higher energies. 
Assuming a distance of 2 kpc, this gives L, < 2 x 10% ergs"; 
the result is approximately the same whether the thermal (AT = 
0.26 keV) or synchretron (a = 0.8) spectrum is assumed, and 
does not vary significantly for N,, values between 2.5 and 4.8 x 
10% cm`?. The interstellar cross sections used here are those of 
Brown and Gould?*. 
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The low energy flux (0.5-1.5 keV) is at least an order of 
magnitude below that expected from the Livermore source.” 
Possible explanations for this disparity are: 

(1) that the source found by Hill eż al.” was not n Car but was 
instead a soft source some distance away in galactic latitude; 

(2) that the observed emission’? came from an extended region 
around n Car at least 1° in diameter 

(3) that the X-ray flux from n Car is variable. 

In the second case the low energy flux within the field of view 
of our telescopes would have been undetectable, and at high 
energies the source was not detected in either of the two 
experiments. The existence of such an extended source seems 
very unlikely, however, in view of the optical morphology of the 
region: n Carinae is embedded in Herschel’s ‘Keyhole Nebula’ 
NGC3372, and there is no evidence for any extended supernova 
remant. The third possibility also seems very unlikely if the 
X rays come either from a shock region outside the 10” visible 
shell or from the volume inside the shell. We can see no obser- 
vational evidence for any variable source with a time scale of the 
order of 1 min over 40 min of observation; a source as strong as 
that found by the Livermore group** would have been observed 
ina few minutes. 

We shall therefore assume that the first hypothesis is correct. 
The present upper limit on soft X-ray emission then removes the 
problem encountered by Davidson and Ostriker®® of a high 
ambient density around the object, and it also removes any 
basis for expecting coronal lines in the visible spectrum. The 
pulsar model, already unlikely on the basis of the Livermore 
observation 2°, now seems even more unlikely, because the total 
X-ray luminosity which, on the basis of Ostriker and Gunn's 
model’, should exceed that of the Crab Nebula (~ 10°° erg 
s above | keV), is at least three orders of magnitude lower. On 
the Compton model'*, the predicted flux density in the neigh- 
bourhood of a few keV is of the order of 10°** erg cm~? s> Hz? 
for the ‘most likely’ model with relativistic electrons with a 
low energy cut off at y = 10° and a magnetic field of about 
10°? gauss, but it can be very much less if the cutoff energy is 
greater. The corresponding upper limit from our observations 
(averaging 1.5-7.5 keV) is 4 x 10° erg cm? s! Hz, which 
could be taken as indicating a higher low energy cutoff on this 
model. 

The balance of the evidence, however, reinforced by the 
failure to detect any X rays, favours strongly the view that the 
spectrum of n Carinae is of thermal origin, with the bulk of the 
energy coming out from dust grains. 

We thank A. D. Thackeray and P. R. Warren for supplying a 
spectral tracing of n Carinae, and P. G. Murdin for discussion. 
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Radio emission from Hen1044 


Continuum radio emission has been detected from several — 
early-type emission-line objects which show a strong infra- 
red excess'”®. Here we report the detection of radio emission 
from a Southern Hemisphere compact emission-line object | 
Hen1044 (He2-113). | 
© Observations were made at 3.0 and 6.0 cm using the 
CSIRO 64-m telescope at Parkes, which has half-power 
beamwidths of 2’.5 and 4’.0 at these two wavelengths. At 
both wavelengths beam-switching was used to reduce atmos- 
pheric effects, the beam separations being 6.2 and 2.8 half- 
power beamwidths respectively. At 3.0 cm (9.86 GHz) a 
mixer receiver”? was used with a predetection bandwidth of 
500 MHz and a system noise temperature of 650 K. At 
6.0 em (5.0 GHz) a cryogenically cooled parametric ampli- 
fier was used with a predetection bandwidth of 300 MHz 
and a system noise temperature of 80 K. An on-on source 
echnique of observing similar to that described previously‘ 
was used, except that here the two beams were separated 
in azimuth. | 
Radio emision was detected from Henl044 at both 3.0 
and 6 cm wavelengths. The flux density determined from ~- 
10 independent measurements made during the period 1973 
August 24 to 27 was 0.24+0.03 Jy at 3 cm. Observations — 
at a wavelength of 6.0 cm were made during the period 
1973 October 17 to 22. Two independent measurements 
yielded a flux density of 0.11 +0.03 Jy. Scanning observa- 
tions were also made at this wavelength. The means of five 
right ascension scans and 11 declination scans are shown 
in Fig. 1. The radio source is unresolved and the region is 
reasonably free of confusion. The differences between the 
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Fig. 1 Declination and right ascension scans of Henio 
at 6 cm; the epoch for both coordinates is 1950. 














optical position (RA 14 h 56.3 min dec. 
1950) and the radio position are 4 s in right ascension (36” 
_ on the sky) and 20” in declination. These differences are 
within the pointing errors of the telescope. 

The object Hen!044 has a stellar appearance’, with “no 


— 54°06’, epoch 


obvious surrounding nebulosity’’. Its optical spectrum, 
which has shown no appreciable change between 1962 and 
1973 (refs 12,13), is that of a low-excitation planetary 
nebula associated with a cool WC star. The object is one of 
only four which have been classified” as WC 10. Continuing 
mass Outflow is indicated by the presence of P Cygni pro- 
files. These characteristics are suggestive of an embryonic 
planetary nebula. Heni044 is very similar to the WC 9 
object HD167362, from which radio emission has recently 
been detected’. 

The continuum radio spectrum of Heni044 is not well 
defined by the two flux density measurements reported here. 
But if it is assumed that the radio emission did not vary 
significantly between the two dates, and that the emission 
is produced by the bremsstrahlung mechanism, then the 
emitting region has an optical depth of 1 at ~8 GHz, 
indicating an emission measure of ~ 10° cm™ pc. If the radio 
emission is associated with circumstellar gas at a tempera- 
ture ~10° K, then the angular size of the radio source is 
~1”, consistent with the upper limit to the optical size. 
Very similar results have been found” for the bright central 
component of HD167362. 
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Relevance of cosmic gamma-rays 
to origin of the cosmic radiation : 


THE controversy over the question of the origin of 
energetic cosmic rays is well known. There are those who 
believe that the bulk of the radiation comes from Galactic 
sources, such as supernovae’ and others’? who find rather 
good reasons for supposing that the radiation comes pri- 





Nature Vol, 250 August 30 1974 


marily from extragalactic sources. In an intermediate 
group there are those’ who think that perhaps only the 
most energetic particles (E>10"eV) are derived from extra 
galactic sources. 

The observation‘? of cosmic y rays has given hope for 
a distinction between the Galactic and extragalactic models, 
at least for the energies of cosmic ray protons (1 GeV<E 
<10 GeV mainly) whose collisions with interstellar gas 
atoms are considered to give rise to the 7° mesons from 
which the y rays are derived. The experimental data, which 
relate to the intensity of y rays above 100 MeV as a function 
of Galactic longitude, indicate rather clearly that there 
is an increase in the emissivity of y rays (defined as the 
rate of production per unit volume) towards the Galactic 
centre (GC) with a peak in the region of radial distance 
from the GC, R, of about 5 kpc. There is some argument 
as to the actual variation of emissivity with R: Puger and 
Stecker® derive a very sharp peak at R=5 kpc whereas one 
of the present authors, Strong’ (to be published) derives a 
rather more gradual variation of emissivity. Figure 1 shows 
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Fig. 1 The variation of y-ray emissivity relative to that at 

the Sun w(R), as a function of distance from the Galactic 

centre (R), deduced from observations by the OSO-IL] and 

SAS-I] satellites. Cylindrical symmetry about the centre has 

been assumed in order to unfold the experimental data. The 

quoted errors are statistical only. — ~ — Average emissivity 
for the first two bins of radial distance. 


the average relative emissivity derived by the present 
authors using Strong’s method for the longitude range 
270°-90°. 

So far the interpretations have suggested that there is 
an increase in the flux of cosmic rays towards the GC 
corresponding to cosmic rays of Galactic origin. A number 
of models have been proposed: an increased containment 
time arising from an enhanced magnetic field’, structured 
acceleration in the hydrodynamic shock driven by the 
expanding gas in the “3 kpc arm’ and, very recently, an 
increased yield in the spiral arms resulting from an 
assymed correlatiog between the cosmic ray flux and the 
neutral hydrogen density in the arms (Bignami and 
Fichtel**). 
ne In all these models it is assumed that the predominant 
interaction responsible for the parent 7° mesons is between 
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cosmic-ray protons (with a small admixture of @ particles) 
and the protons from neutral hydrogen atoms. The varia- 
tion of atomic hydrogen density with R has been derived 
from 21 cm data which shows (see Mezger* for example) 
that the average surface density of neutral hydrogen in the 
range O<R<S5 kpc is about one half that at R~10 kpc 
(the location of the Solar System). In all the calculations 
some allowance has been made for the presence of unseen 
gas, presumed to be mainly molecular hydrogen, by mul- 
tiplying the predicted y-ray yields by a factor of ~1.5, this 
having been thought to be a ‘reasonable’ factor. 

It has been noted before that the distribution of y-ray 
emissivity appears to correlate quite well with that of giant 
H H regions (ref. 8 and A. W. Strong, unpublished). Now 
it is well known that dense (~10° cm’), massive 
(~10°-10°M@) molecular clouds are found in association 
with such H H regions, and such clouds will be copious 
sources of y rays. (The possibility that nearby clouds may 
be observable as point sources has in fact been suggested 
by J. H. Black and G. G. Fazio, unpublished). What 
appears not to have been realised until recently is the fact 
that the contribution of the molecules to the gas density 
at R~5 kpc may be very large: according to Solomon” 
and N. Z. Scoville and P. M. Solomon (private communi- 
cation), the smoothed molecular hydrogen density in the 
region 4-6 kpc from the Galactic centre may be as high 
as 10 cm, compared to a total gas density near the Sun 
of only about 1 atom cm™. (It should be remarked that 
the importance of the correlation between the molecular 
hydrogen distribution and that of y rays has also been 
stressed recently by Solomon and Stecker”.) 

As is clear from Figure 1, the increase in molecular 
hydrogen density is quite adequate to account for the 
observed y-ray intensities with a uniform cosmic ray flux 
if, as would seem likely, the molecular clouds have a dis- 
tribution perpendicular to the Galactic plane not too dif- 
ferent from that of the H II regions (with a full width of 
about 100 pc’). Explanation in terms of molecular 
hydrogen was in fact suggested some time ago by Stecher 
and Stecker“, although at that time there was no direct 
evidence for an increase in the molecular hydrogen density 
towards the Galactic centre and later explanations by 
Stecker and coworkers have concentrated on cosmic-ray 
gradients such as would result from Galactic sources of 
the cosmic-ray protons or at least Galactic acceleration of 
the particles. 

The importance of the new result is that the necessary 
constancy of the cosmic-ray flux would be more consistent 
with a largely extra-galactic origin of the cosmic rays 
rather than a Galactic one. 

In conclusion, it is clear that, unless the molecular 
hydrogen measurements are seriously in error the y-ray 
data do not now necessarily demand explanation in terms 
of a Galactic origin for the initiating cosmic rays. 

We thank the Science Research Council for continued 
support and Professor P. M. Solomon for communicating 
unpublished information. 
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Formation of holes in the solar corona 
Sorr X-ray spectroheliograms obtained from Skylab’ and 


rocket flights? show many bright filamentary features which 


map out the magnetic structure of the solar corona. 
Additional interesting features are the extensive regions 
from which the emission is extremely low. These long, 
but relatively narrow, ‘coronal holes’ can stretch much of 
the way across the solar disk in a roughly N-S direction. 


The photosphere and chromosphere beneath are relatively - s 
featureless and have low magnetic flux density. The mag- a 


netic structure of these lower levels is. not untypical of © 
other quiet regions on the Sun where coronal holes have 
not developed. This suggests that the magnetic configuration 
associated with the holes might not have emerged from 
the solar surface with any particularly unusual geometry, 
but this might have developed later due to some rearrange- 
ment within the atmosphere. Changes in field structure 
within the corona have been regarded for more than a 
decade as part of the normal process of development during 
the solar cycle’. 

The spectroheliograms indicate the existence of long 
magnetic-arch structures in the solar atmosphere’. It is 
thought that these arches are produced by merging of 
smaller structures by cross-connection of field lines, since 
this results in a reduction of the magnetic energy stored’. 
How this proceeds depends upon the initial conditions, 
but the trend is illustrated by the simple case in Fig. la. 
Where the flux tubes touch their neighbours there will 
be merging to produce the resultant fields shown as solid 
curves with double arrow heads, Even when the initial 
conditions are more complex, as when the original arches 
emerge from the solar surface at different times, the trend 


- should be the same. 


Magnetic arches have a preferred alignment on the Sun’. 
In the northern hemisphere the vertical flux tubes tend to 
lie within NE-SW planes, while south of the equator they 
stretch roughly SE~NW. (Hereafter, both these directions 
are denoted as E-W. The description can then remain 
reasonably general because it is unnecessary to specify 
which hemisphere is being considered.) At any time the 
field tends to point from E to W in one hemisphere but 
from W to E in the other. In both cases the sense reverses 
betweeneone 11 yr cycle and the next. 

The situation discussed so far concerns interaction be- 
tween the relatively young flux tubes developing within 























fe as 


Longitudinal tube 





Fig. 1 Each dashed curve represents a magnetic flux tube 
which passes from the photosphere into the solar atmos- 
phere (presumably related to development at supergranu- 
lation.). Because these arches have similar polarities they 
can merge to reduce the magnetic energy. a, The solid curves 
represent the resultant flux tubes; b, the situation when an 
additional flux tube crosses the region perpendicular to the 
plane of the paper. The resultant solid curve merges with this 
new tube. The short resultant loops produced at the regions 
marked w will possibly be carried away? by the flow of 
materia] at the solar surface. In c the horizontal flux tube 
shown in b is seen to cross two parallel arches, Curves with 
arrow heads illustrate how cross connection between field 
lines from each of the three flux tubes allows a line to pass 
from one transverse arch to the other. 


quiet regions on the Sun. It is necessary to take into 
account the interaction with other arches produced earlier 
in the solar cycle, or even during the previous cycle. Some 
particularly long structures develop in roughly N-S direc- 
tions. These stretch between pairs of active regions or from 
active regions to polar caps’. It is also possible that 
flux passes from one pole to the other’. If one of these 
N-S flux tubes comes into contact with the E-W arch system 
forming in Fig. la, merging between the perpendicular 
fields can proceed. A section through the new system is 
shown in Fig. 15; the plan view of this structure (Fig. Ic) 
shows how a field line from one of the tranverse arches 
might cross to another by passing along a length of longi- 
tudinal flux tube. Cross coupling of field lines which leads 
to this configuration can be expected because it reduces the 
magnetic energy stored in the whole structure. 

The situation becomes particularly interesting if some 
of the transverse arches have polarities opposing the aghers. 
A simple system containing a pair of arches illustrates 
this in Fig. 2a. A field line crossing between the pair now 
has both feet to one side of the longitudinal flux tube, so 
that the relaxation accompanying merging can eseparate 
it from the original structure. If cross connection between 
the pair of arches became complete, a cavity would be 
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produced in the magnetic field, as shown in Fig. 2b. 
The flux along the N-S tube gets ‘eaten away’ in this pro- 
cess. | 

Figure 2b shows the simplest situation where a pair of 
neighbouring antiparallel arches merge together. In practice 
the horizontal flux tube will cross many arches so that all 
the field lines from one will be unlikely to pass into a 
single antiparallel structure. A cavity can be produced 
nevertheless if the transverse arches towards one end of 
the N-S flux tube have one polarity, while the other end 
makes contact with fields of reverse polarity. A formalised 
representation of this appears in Fig 3a. (Field lines like 
that in Fig. Ic, which cross from one arch to a parallel 
one on the same side of the boundary, have not been 
included because these do not represent a state having 
minimum energy. Such lines continue to interact with flux 
lying N-S until antiparallel arches are linked). This is 
just the situation which can produce very long coronal 
holes if the N-S flux tube is suitably located on the solar 
disk. Two cases are of interest: 

(a) The more obvious case is the one where the longi- 
tudinal flux tube crosses the solar equator in the manner 
of the ‘trans equatorial arches’ observed by Hansen er al’. 
It has been pointed out already that E-W arches crossing 
this tube would change polarity across the equator. The 
general alignment of coronal holes in the N-S direction 
between hemispheres can therefore be explained in this 
way. 

(b) A stage is likely to be reached at the transition be- 
tween solar cycles when antiparallel magnetic arches form 
in a single hemisphere. As solar minimum approaches, 
polarities associated with the old Il-yr cycle are found 
near the equator, while reversed fields due to the develop- 
ing cycle form at intermediate latitudes’. Suitable condi- 
tions seem to be developing at present since Gillespie 
et al." reported the appearance of new cycle polarity 
configurations during August 1973. 
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Fig. 2 a, is similæ to Fig. lc, except that the fields along 

the transverse arches are now antiparallel. A field line cross- 

ing from one of these to the other should relax, in the 

direction of the double-headed arrows, from the position 

shown. b, The extreme case when all the field lines from one 
arch passes into the other. | 
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At the stage when the old and new ll-yr cycles are 
both active, the polarities of arches will change between 
zones as indicated in Fig. 3b. 

In addition to the coronal holes, soft X-ray spectrohelio- 
grams show regions of low emission which form along the 
path of dark filaments (prominences) observed in Ha 
spectroheliograms. One of these filament cavities is labelled 
in Fig 1 of ref. 1, while several good examples (one of 
which is Y-shaped) are seen as long thin dark features 
in Fig. 1 of ref. 2. Such structures could be closely 
related to coronal holes since there is evidence that dark 
filaments might have the magnetic configuration drawn in 
Fig. 1c. It has been suggested’ that condensed material 
is embedded in a longitudinal field produced by local 
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Fig. 3 The situation shown in Fig. 2 is unlikely because it 
assumes that all field lines pass from one arch to a second 
neighbouring structure. It is far more probable that there 
would be interaction between numerous arches crossed by 
the horizontal flux tube. This could still lead to the forma- 
tion of a cavity, however, if the transverse arches had 
different polarities on each side of a boundary. a, A 
formalised representation of how field lines from one or 
more transverse arches on one side of the boundary can 
pass into one or more structures of reversed polarity on the 
other side. b shows a number of boundaries on the solar 
disk across which changes in polarities of arches are likely 
to occur. The arrows show field directions at one stage 
during a 22-yr cycle. Regions denoted by A have fields 
associated with the first half of this cycle while regions B 
have polarities of the second half-cycle. 


shearing of transverse support arches. Even if such struc- 
tures are not formed by the exact sequence of events 
described here, it is still possible that a reversal in the 
polarity of the support arches along the length would lead 
to the formation of a cavity. 

In the model outlined the flux tubes need only merge 
on a time scale of the order of one day, over which period 
changes in the structure of coronal holes occur. Such a 
rate of merging appears acceptable on theoretical grounds 
although, as Sweet’ points out, it is difficult to explain the 
far more rapid changes needed to account for solar flares. 

I thank Professor R. L. F. Boyd and members of his 
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Ionospheric effects of 
the Flixborough explosion 


On June 1, 1974, an explosion of unprecedented magnitude 
occurred at the Nypro plant at Flixborough, Lincolnshire. A 
considerable blast wave was produced and evidence is presented 
here to show that this wave penetrated the atmosphere to 
ionospheric heights. Our purpose is to report these major 
ionospheric disturbances since they may yield information 
regarding the time sequence of the explosion and the amplitude 
of the blast wave that it created. 

Naturally occurring waves in the ionosphere have been 
studied at Leicester using the high frequency (HF) radio 
Doppler sounding technique’. In this method an HF radio- 
wave is reflected from the ionosphere at steep incidence and 
the frequency of the received signal is monitored?. Acoustic- 
gravity waves propagating through the atmosphere displace 
the reflection point and a Doppler frequency shift is produced 
in the reflected signal. The magnitude of the Doppler shift 
A fis proportional to the rate of change of phase path of the 
radiowave according to the expression 


Af = — Ufo)(dP/dt) (1) 


where f is the radiowave frequency and c is the velocity of 
light. If three spaced reflection points are available then the 
speed and direction of the disturbance may be determined 
from the time delays in the Doppler frequency changes observed 
on the three transmissions. 
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Fig. 1 Location of transmitters and receivers of the Doppler 
sounding system. T, Transmitter; x and ©, propagation path 
mid points; R, receiver. 


On June 1 three transmitters located at Gainsborough, 
UpWood and Stafford were operational. These were received 
at two sites, one at Leicester (R1) and one in Wiltshire (R2). 
Figure 1 shows the locations of the transmitters and receivers 
together with those of the six reflection points. 

At 1600.20 cmt a major disturbance was noted on the 
Gainsborough—Leicester path and subsequently on the more 
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southerly transmissions. Recordings of frequency as a function 
of time were obtained from the two receivers RI and R2 and 
the Leicester record is reproduced in Fig. 2. The frequencies 
of the three transmitters are offset by 3 Hz relative to each 
other so that they may be distinguished on the frequency- 
time recording. The principal feature on all six transmissions 
is the large quasisinusoidal oscillation starting at 1601.11 GMT 
on the transmission closest to the explosion (Gainsborough— 
Leicester). The feature approximates to two cycles of a 
sinusoidal oscillation with a period of about 50 s. The 
initial positive Doppler shift indicates that the electron-density 





Fig. 2 Time variation of Doppler frequency shifts recorded 
by the Leicester receiver (R1) showing large-scale disturbances 
between 1600.20 and 1603.38 GMT. 


enhanced, thus producing a lowering of the 
reflection level. This is followed by a negative Doppler 
shift indicating that the height increases rapidly. During 
the next half cycle the frequency shift is again positive 
showing a further period of decreasing height. Finally 
there is a very small negative Doppler shift as the height 
returns to its undisturbed position. The maximum Doppler 
frequency shift is 4.5 Hz which corresponds to a rate of change 
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Fig. 3 Phase height changes produced by the disturbances, 

calculated from the Leicester observations. Time measured from 

the start of each disturbance. a, Stafford; b, Gainsborough; 
c, U pwood. 


# 
of 142 m s™ in the reflection height. This frequency deviation 
is a factor of four greater than those produced by naturally 
occurring travelling disturbances in the ionosphere. An interest- 
ing feature of the Leicester Tecor ad are the two precursors, 
marked Pl and P2 in Fig. 2, which precede the main event 
on all three transmissions. These features are less well defined 
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on the recordings obtained from R2. 
The velocity c of an acoustic wave in the atmosphere is 
given by 


ct = ygH (2) 


where y is the ratio of the specific heat of the gas at constant 
pressure to that at constant volume, g is the acceleration due 
to gravity, and H is the scale height of the atmosphere at the 
height considered. Using the CIRA reference atmosphere? and 
equation 2, the time taken for an acoustic wave to travel from 
Flixborough to the reflection point of the Gainsborough trans- 
mission was found to be 10.6 min. The recording in Fig. 2 
shows that the major disturbance started at 1601.11 Gmr and 
so the time of the explosion is 1550.35 cmr. This is in fair 
agreement with the time of 1554 Gat reported in the national 
press. The presence of the two precursor events PI and P2 is 
not yet understood but they clearly indicate that two distinct 
disturbances were produced in advance of the main event. 
This could result from two pressure waves separated by about 
40 s at ionospheric heights. 

The magnitudes of the disturbances recorded by RI (Fig. 2) 
are greater than those obtained at R2. The increased amplitude 
of the disturbances probably results from the slightly greater 
reflection heights of the signals received at Leicester. The 
amplitude of the acoustic wave will increase exponentially with 
height, consequently the disturbance will be greater the higher 
the reflection point in the ionosphere. 

The phase height change tA) produced by the passage of 
the disturbance has been determined by integrating the fre- 
quency—time recording since from equation | 


= P/2 = — (cif) SAS. dt G3) 


The height changes for the various transmissions are shown 
in Fig. 3. The maximum displacement is about 1.5 km and the 
period of the wave is about 75 s. This corresponds to a quasi 
wavelength of 68 km assuming the velocity of sound to be 900 
ms”? at the reflection height. 

A detailed analysis will be undertaken to determine the 
exact time of detonation and to estimate the magnitude of 
the pressure wave at its origin. The presence of the precursor 
events will be examined and the significance of the double 
feature investigated. 
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The turbulent boundary 
layer on the continental shelf 


IN the late summer ol 1973 we made measurements of the 
current structure in the thermal boundary layer on the conti- 
ngntal shelf. The measurements were taken under conditions 
of complete neutrality, well away from the influence of local 
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coastlines. Figure 1 shows the positions of two moorings, 
001 (48° 10.5’°N, 07° 54°W), and 002 (48° 16.5’N, 07° 47°W) 
separated by 15 km. This compares with a tidal excursion of 
about 10 km for the surface water. Both moorings were in 
"180 m of water and more than 200 km from the nearest main- 
land. The current meters were supported by subsurface buoy- 
ancy. The thermal structure of the water column, and the 
depths at which current meter observations were made in 
relation to the thermal boundary layer is shown in Fig. 2. 
The temperature of the bottom 100 m of the water column 
increases with depth. This marginal increase of temperature 
at the adiabatic rate (1.3 107®° C cm™) is expected of a 
turbulent boundary layer, because the production of turbulent 
energy is much greater than the stabilising effect of the buoy- 
ancy flux. The absolute accuracy is only 0.02° C, using a 
mercury-in-glass reversing thermometer as the calibration 
standard. The resolution is, however, considered quite genuine 
to +0,.0005° C (ref. 1). 

All but one of the current meters gathered reliable current 
data during the same seven day period. The meter which was 
placed 30 m off the bottom, failed after only two days and is 
excluded from the analysis. For the short period that it was 
in operation, however, it was consistent with the measurements 
obtained at a slightly shallower depth, 33.5 m off the bottom. 
The data reduction was identical for all of the current meter 
records. 


PW o? gW Ewo FW 





Fig. 1 Positions of moorings (@). Depth contours at 30 m, 
00 m, 1,000 m and 2,000 m. 


Kinetic energy density spectra for the current records were 
obtained from 2,048 two inch data points which were sampled 
every five minutes using a fast Fourier algorithm for complex 
numbers. Spectra for the current meter records obtained from 
mooring 001 are shown in Fig. 3. The kinetic energy density 
-is generally less for the current meter records closest to the 
bottom but is evenly distributed throughout the frequency 
range except at the highest frequencies. The variance at the 
high frequencies is greatest on the record furthest from, the 
bottom, which may be because of internal waves travelling 
along the thermocline. These results were also obtained for 
mooring 002. 

_ Of the total kinetic energy, 80% isecontained betwgen the 
-spectral estimates 11.47? and 13.27 cycles per hour, centred 
on 12.2~* cycles per hour. This represents the bulk of the tidal 
stream energy. We have chosen this estimate to represent, the 
motion because it represents about 90%, of the mean speed. 
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Fig. 2 Thermal structure of the water column in the turbulent. 

boundary layer obtained from a typical temperature profi 

showing the depths at which current meters were fixed in 1 
layer (@). l 


To avoid a time varying analysis the kinetic energy densi 
spectra for each record was split into clockwise and ant 
clockwise spectral estimates. An example of this is shown fe 
the bottom current meter record of mooring 001 (Fig. 3). 
The vector addition of clockwise and anticlockwise components 
produces a series of ellipses. E 
Table 1 summarises the results obtained for the semidiurnal 
estimate of all the records. At semidiurnal periods 94% of 
the kinetic energy is contained in the clockwise motion. Table. 
also shows the semimajor (a) and semiminor (b) axes of the 
tidal ellipse and the ratio —b/a. These show that the tidal 
ellipses are geometrically similar but become reduced in scale __ 
as the bottom is approached; a semimajor axis of ~ 55 ems: 
100 m from the bottom drops to ~ 32 cm s™ 2 m from the 
bottom. The ellipses are orientated such that their major 
axes lie roughly parallel with a line drawn through the two 
mooring positions. A clear difference in orientation exists 
beteeen the records from different moorings, with mooring. 
002 rotated about 8° clockwise with respect to mooring 001. _ 
The mean phase differences, which are relative to the lower. 
current meter on mooring 001, are less than 3° apart in the — 
bottom 33.5 m of the water column. That is approaching the 
limits of the absolute accuracy obtainable using differe 
meters. The uppermost current meter on both moori 
however, lagging about 13° (anticlockwise) behind 
meters. Mooring 001 as a whole, lags behind moo 
That is confirmed by a simple overlay of direction r 
Figure 4 summarises the distribution of ch 
amplitude [a(—)] with respect to depth (Z). Th 
depth (m) above the bottom is plotted agains 
semidiurnal speed (cm s"), This plot has been chos 
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Table 1 Current meter results 


Water Mooring Height of current Kinetic energy Semidiurnal energy Relative phase Semi- Semi- Orientation 
depth meter above atsemidiurnal in the clockwise of current major minor | of major 
bottom frequency component ellipse axis, a axis, b -—b/a axis 
(m) (m) (%) C (degrees)  (cms™) (cms™) CT) 
188 001 98.0 79 96 —Q13 51.6 — 33.2 0.64 031 
001 33.5 80 93 — 003 45.1 — 25,3 0.56 027 
001 7.5 83 93 — 002 38.8 -- 22.4 0.57 033 
001 3.5 82 94 000 35.2 -21.4 0.61 026 
184 002 98.0 79 95 —007 58.0 —~ 35.6 0.61 042 
002 5.0 80 92 -+- 006 36.4 ~~ 20.2 0.56 035 
002 2.0 82 93 -+006 32.1 — 18.6 0.58 034 





possible inferences with turbulent boundary layer theory. 
In the plot of Fig. 4 the data fits the form 


u(—)/u,(—)=(/k)log.Z/Zo 


where k =0.4, u,(-—-) =1.2 cm s™, and Z)=3 x 1074 m, for Z< 
33.5 m. 


Such logarithmic plots can, however, be matched with 
power laws for selected ranges, and the data could have equally 
been put in the form 


|Z, = (u)"/{(u,) 


where n=8, and at Z,=1 m, 4,=24 cms. 
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Fig. 3 Kinetic energy density spectra for records obtained on 

mooring 00i. The total kinetic energy density has been split 

into anticlockwise and clockwise estimates for the current 

meter nearest the bottom: a, total density; b, anticlockwise; 
c, clockwise. 


Identification of the logarithmic form with a boundary 
layer, where u,(—) represents the friction velocity and Z, 
the characteristic length scale relating to the boundary rough- 
ness, requires some independent confirmation. Such a form 
is strictly applicable only to an unaccelerated, one-dimensional 
flow under negligibly small pressure gradient. In a tidal stream, 
however, the flow is accelerated and pressure gradient forces, 
geostrophic forces and centrifugal forces are important. Ap- 
plicability of the logarithmic form in the unsampled lower 
two metres may be extended through measurements in the 
coastal waters of Red Wharf Bay, although we have no values 
of current direction here®. The homogeneous nature of the 
temperature in the bottom mixed layer suggests that eddy 
viscosity is related to distance from the boundary. 

Two lines have been drawn in Fig. 4 as the values come 
from different moorings and both suggest that the flow is 


hydrodynamically rough (the bottom surface is sang and 
broken and abraded shells). The uppermost records clearly 


do not fit this logarithmic form and they are undoubtedly 
influenced by the thermocline and the boundary at the sea 
surface. Temperature measurements made from the upper 
two meters showed that the thermocline descended semi- 
diurnally below the uppermost current meter. This effect was 


mainly responsible for the phase lag of the uppermost meter 
on each mooring. Continuous temperature records obtained 
from the other current meters showed no vertical temperature 
differences within instrumental resolution (0.03° C) during 
the complete seven day period, and this confirms the view 
that Fig. 2 represents a very persistent state of neutrality 
within 30 m of the bottom on the continental shelf. 

The friction velocity of the anticlockwise component, u,(+-) 
can be determined from Table 1, which shows that the anti- 
clockwise energy is only ~ 7% of the semidiurnal energy on 
the records below 33.5 m. This gives u,(-+)=0.3 cm s~. The 
time varying friction velocity is found by adding: 


u,(t)=u,(—) exp(—iot)+- u(t) explo) 


where œ is the angular velocity (rad s~?) of the semidiurnal 
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Fig. 4 The logarithmic profile for the clockwise semidiurnal 
motion. 


tide. The friction velocity then varies between 0.9-1.5 cm s™. 
Our observations extend from spring to neap tides and so the 
values of u,(t) and Z, describe an approximate mean situation 
for the turbulent boundary layer of the continental shelf. 
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Empirical relations! ip for the critical 
temperature of some A15 superconductors 


A NEW, empirical relationship’, which links the 7. of AIS 
superconductors—based othe A,B stoichiometric ratio— 
with the atomic mass, Mg, of the B element, indicated that log 
T, is a linear function of log. Maand that high Te values can be 
predicted if Me is small. A B element is from group IVB (Si, 
Ge and Sn) and an A element is- from group VA (V, Nb and Ta). 

The subsequent discovery that stoichiometric Nb,Ge has 
the highest known Te—23.2 K (ref. 2)—provides an opportunity 
to test further the log T: log Mg, relationship. The original 
prediction for Nb,Ge was 29-30 K (ref. 1). If the experimental 
value, 23.2 K, is accepted as correct then the log T.: log Ms 
plot, using the additional data in Table 1, defines for the Nb 
and Ta series, two accurately parallel lines, with a slope of 
ee 


Table 1 Transition temperatures (experimental) of some AIS 




















— = compounds 
ve pies Nb* Ta* 
Sit 17.1(4)t Not known Not known 
Get 7 (3) 23.2(2) 8 (16) 
Snt 4.3(3) 18.3(17) 6.4(18) 





* A elements. 
t B elements. 
t Reference numbers are in brackets. 


The deviation of the V alloys from this sequence occurs 
because some of the T, data refer not to the stoichiometric 
A,B ratio (without which accurate comparisons between 
systems cannot be made) but to non-stoichiometric compounds 
with a V content greater than 75 atm. % (ref. 3). Thus, al- 
though V,Si is well characterised at 17.1 K for stoichiometric 
single phase ordered samples (refs 4 and 5, and B. A. Hatt, 
unpublished) the compositions of the equilibrium A15 phases 
in V-Ge and V-Sn are V,,Ge,, (ref. 3) and about VgoSneo 
(refs 3 and 6), respectively. In both cases additional experi- 
mental work would be needed on the metastable, stoichiometric 
A15 compounds to establish their 7, values, which would 





Fig. 1 Log Te against log Ma for binary AIS compounds of 
group VA and group IVB elements, where Te is the super- 
conducting critical temperature, and My is the atomic mass of 
the IVB element. Lines of slope of —4 are drawn through the 
points for the Nb and Te compounds. The dotted line is drawn 
with a slope of —4 through the point for V,Si. . 


certainly be higher than those quoted in Table 1. At present it 
‘must suffice to use the single point for eV Si in order tq define 
-ca dashed line, with a slope of —4, (Fig. 1), from which the 

¿pi redicted T; values for V ¿Ge and V Sn are 10.3 K and 8.3 K, re- 
| “spectively. ‘These are reasonable estimates in the light of whgt is 
known of the effect of non-stoichiometry in other systems such 



































as V,Si and V,Ga (refs 4 and 7), and the er 
data? on V,Ga-V,Ge psuedobinary alloys yields a Te of : 
for stoichiometric V ;Ge. : 

Accepting the data used in Fig. 1 it emerges that T.c i 
expressed as a function of M,~ and that when presente 


Table 2 Slope, C, of lines in Fig. 2 ee 
Group VA ene 


C (K u3) 
90 y 
198 Nb 


69 Ta 


this way (Fig. 2) the experimental plots for the Nb and la 
series extrapolate accurately to zero. : 

From Fig. 2 the transition temperature is expressed 
form T, = C/M?. The slope, C, for the three curves is | 
Table 2. The relationship does not apply when the B elem 
A,B comes from Group HIB or the transition meta 
remains true, however, that when selected systems are co 
the Nb compound always has the higher 7, (for: 
Nb,Ga—20.3 K, and V,Ga—I5 K; Nb,Al—18.9 K 
V,Al— ~ 9 K; Nb,Au—1l! K, and V,Au--3.5 K 





> Nb,Ge 


ONb,Sn . 


id V Ge 
Vasin, 
“Ta,Ge 


~ Ta Sn 


Sn Ge Si 
0 6.05 a0 TI 
Mg {ur /2) 


Fig. 2 Te against Ma~"? for the compounds shown in Fig. E 
Te values for V,Ge and V;Sn are those estimated for the a 
stoichiometric compounds from the dotted fine in Fig. E 


It is interesting to try to relate the values of C to ihose of 
some property of V, Nb and Ta (Table 3). The only property . 
which varies in the same relative order as C, is the critical 
temperature, T, (Table 3). C for the compound series. has been F 
plotted against T, for the corresponding element (Fi ARIE 
straight line can be drawn through the points. From Figs 2 
and 3 it seems that, for an A15 compound A,B, where A is 
either V, Nb, or Ta, and B is one of the group IVB elements _ 
Si, Ge and Sn, the superconducting critical temperature: | 
given by: ; 

I. bere 27.5 (T,— 2) Mp > 


where Ta is the critical temperature of pure A and . Zs 
atomic mass of element B. 2 

The existence of this empirical relationship ra 
questions: first, what is its physical significance; seco: 
does it,hold only for group IV elements; third, how f 
be used to predict higher critical temperatures? 

The theory of Bardeen, Cooper and Schrieffer (BCS give: 

















Op(K) TK) v(mJ mol™ K~?) 
Y 320-400 5.3 9.04 
Nb 240-280 9.2 7 66 
oe 250 4.5 5.84 


Table 3 Properties of elemented V, Nb, Ta to be compared with C (Table 2) 
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Von(10~22 eV em?) Tm KOO N m») Y(10 N m~?) 
0.18 1920 15.80 12.76 
0.34 2468 17.03 10.49 
0.36 3010 19.63 18.57 


Ceman a 
*0p, Debye temperature: Te, superconducting critical temperature; y, electronic specific heat coefficient; Vpn, electron-phonon interaction 
parameter (data from ref. 8); Tm, melting point: K, bulk modulus (compressibility); Y, Young’s modulus (data from ref. 9), 


the critical temperature of a superconductor as 
Te = CL.14h/k) <a> exp (—1/N (0) V) 


If it can be assumed that N (0) V does not vary much among the 
compounds under discussion, the isotope effect must derive 
from the average phonon frequency, «@>. In a monatomic 
crystal, the phonon dispersion relationship involves (isotope 
mass)™ and gives rise to the classical isotope effect in some 
pure metal superconductors. In a polyatomic crystal the dis- 
persion relationship has more than one branch, each of which 
depends upon some average of isotopic masses, usually of the 
form (£; I/M}. At the zone boundary, however, the relation- 
ship for each branch reduces to a form which involves only 
one of the masses, that is œ œ (I/M). Thus, the quoted 
empirical formula for T, is rationalised if it can be assumed that 
the phonon modes involved in the BCS interaction are those 
close to the zone boundary. This has interesting implications 





Fig. 3 The slope C, of the lines in Fig. 2, against T,, the 
critical temperature of the grcup VA elements. 


for the theory of superconductivity in these compounds. The 
fact that the important modes are those relating to the B atoms 
may also explain why, in the ternary compound Nb, (AlGe), 
an ordering of the Al and Ge atoms is thought to be necessary 
to achieve maximum T, (refs 10 and 11); disorder on the 
B-atom sites possibly disturbing these modes. 

The similarity between elements in group IVB, both chemi- 
cally and physically, is marked most stongly. They all have the 
same low temperature equilibrium crystal structure, and electric- 
ally are all semiconductors. This is not true of the group HIB 
elements, and probably explains why a simple T, relationship 
exists for compounds with IVB elements, but not for compounds 
with IIIB elements in which N (o) V may no longer be a con- 
stant. The situation is more complicated when the second ele- 
ment is a transition metal, and the value of T, depends en the 
position of the transition metal’s d band relative to the Fermi 
level of the compound?. . 


Extrapolation of the Nb line in Fig. 2 suggests that if Nb,Si 
crystallises in the A15 structure, it should have T.=38 K, 
which would make it by far the highest T. superconductor, with 
distinct economical advantages. It does not exist in equilibrium 
because the silicon atom radius is too small: the ratio of the 
radii of the two component atoms must lie between 0.85 and 
1.15 in order for a stable A15 structure to form'*. An ordered 
(Cu,Au) structure for this composition, with 7,-1.5 K, has 
been reported!*. Codeposition of the evaporated elements 
onto a heated substrate has produced a non-stoichiometric 
AI5 phase, with a maximum T. of 9.3 K at a composition of 
21 atom % Si (ref. 14). More recent attempts to form Nb. Si 
under high pressures have been unsuccessful!®. It may be 
possible to get some enhancement of T, in a ternary compound 
Nb, (GeSi). The Ge-Si ratio should be such as to permit 
ordering on their sub-lattice, but the fraction of silicon atoms 
should not be so large that a weighted average radius differs 
by much more than 15% from the radius of the Nb atom. 
The compound Nb,(Gey.;;Sio.2;) fulfils these conditions, and 
if a weighted average of the Ge and Si atomic masses is appro- 
priate, and if it forms a stable A15 compound, it should have 
a critical temperature of 25.2 K. 
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An interfacial isotope effect 


RADIOACTIVE carbon is utilised commonly to tag com- 
pounds used in interfacial studies. As is usual in studies 
with isotopes of carbon, it has been assumed tacitly that 
the radioactive surfactant behaves exactly like the un- 
tagged or inactive compound. During a study’ of condensed 
monolayers at the water-air interface, however, a sig- 
nificant kinetic isotope effect was observed in their stability 
behaviour. 

Stearic-I-"C acid (Dhom Products), which has a specific 
activity of 58 mCi mmol”, was mixed with inactive stearic 
acid to yield a 14.3 mCi mmol"! mixture with 23.1% “C- 
labelled carboxyl groups. This particular stearic-1-""C acid 
sample was selected because, in addition to its purity 
(99.5% Cys, 0.2% Ca, and 0.3% Cx saturated acids), its 
surface pressure-area isotherm (Fig. 1) is almost identical 


Surface pressure (mN m” ') 





Area (A? molecule” ') 


Fig. 1 The surface pressure-area isotherms of stearic acid 

monolayers on pH 2.00 subsolutions (corrected to have the 

same area at 30 mN m™ as inactive stearic acid). a, 

Inactive stearic acid; b, stearic-1-"C acid; “C-labelled 

stearic acid. Compression rate=1.5 A* molecule’ min’; 
temperature, 20.7° C 


to that of the highly purified inactive stearic acid (99.6% 
Cr, 029% Cw, and 0.2% Cx). Stearic acid was deposited 
from purified hexane spreading solutions on to either 
calcium free or 10°* M CaCl. (ultrapure) subsolutions pre- 
pared from triply distilled water to which HCl, KHCOs, or 
107 M KHCO, and KOH of AR quality were added to 
vary the pH of the subsolution. The monolayers were com- 
pressed to a surface pressure of 31 mN m™`' with an auto- 
matically recording Langmuir-type film balance designed 
for constant pressure operation. An indication of the 
monolayer stability was obtained by determining the 
decrease in the film area as a function of time, at constant 
surface pressure. 

The measurements of monolayer stability in surface 
films of condensed stearic acid at pH 2.0 and 6.0, are 
shown in Fig. 2. The stability measurements of Ga-H-St 
¿monolayers (stearic acid monolayers on subsolutions con- 
“taining calcium) were compared at intervals of 15 min and 
plotted (Fig. 3) as a function of the pH of the subsolytion. 
_ The large decrease in the film area of inactive unionised 



















































stearic acid films (Figs 2 and 3) result from a slow proce 
of monolayer collapse in which crystals of stearic acid fot 
slowly at the water-air interface. (The stearic acid- 
Ca-H-St monolayers consist principally of unionised ste 
acid molecules below subsolution pH values of 5.5 and: 
respectively. The slow collapse of the monolayer is- 
ferent from the catastrophic collapse observed by a nur 
of other investigators.) Figure 2 also shows that. th 
labelled stearic acid monolayer is more stable. oe 
corresponding inactive monolayer. This result” 
expected because the isotopic substitution occurs | at 
atom which is not immediately involved in the bonds t tt 
break and form as the fatty acid molecules transfer fr 
the monolayer state to the collapsed bulk phase. This sig- 
nificant difference in the behaviour of the monolayer _ 
stability is attributed to a secondary kinetic isotope efect: 
The rate of change of the film area decrease and 
isotope effect (’C/"C) both become greater with incre 
ing time of compression. Figure 3 also shows that thi 
is a difference in the stability behaviour between ina 
monolayers and “C-labelled Ca-H-St monolayers. At 
< 5.0, where the molecules are dominately. union 
stearic acid, the radioactive Ca-H-St monolayer 4s 
stable: both monolayers possess the same stability in 
pH range 5.0-7.8; and then above pH 7.8 a reversa 
stability occurs with the inactive Ca-H-St monol 
becoming much more stable. 
Several considerations indicate strongly that the observed 
stability differences do not arise from impurities in th 





Decrease in film area (°:,) 


0 5 10 15 20 25 30 
Time (min) 


Fig. 2 Stability measurements of stearic acid monolayers 
at 31 mN m`. © @. pH=2.0, A A, pH=6.0; in- 
active; ©) A, “C-labelled. Temperature, 20.5°C oe 


system. The high purity of the stearic acid samples mini- — 
mises the effect of chemical impurities; and impu 
arising from radiolysis would be expected to dec 
stability of the Ca-H-St monolayer throughout. the 
range, not just on alkaline subsolutions. Furthermo 
peculiar stability behaviour of the “C-labelled d 
monolayer, which rises to a maximum and then dec 
again with increasing alkalinity, and the magnitude o 
stability differences seem to rule out the im 
explanation. i 
The stability increase of “C-labelled unionised 
acid monolayers arises apparently from increa 
molecular forces of attraction between the cart 
groups and/or between the carboxyl groups and 
molecules of the subsalution. An increase in t 
group einteractions is not, however, the sole 
isotopic substitution, because the stability. 
Ca-H-St monolayers on alkaline subsolutions 
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creased similarly. Isotopic substitution of “C shifts the 
C=O stretching fundamental from 1,715 to 1,637 cm” 
because of the difference in isotopic mass’. The zero-point 
energy of the “C=O bond is thus lower than that of the 
“C=O bond, and the dipole moments of the two isotopic 
modifications of the C=O bond will be slightly different 
because of vibrational anharmonicity. Because the dipole 
moment increases in deuterium substituted molecules’, it 
is assumed that 'C-isotopic substitution also increases the 
dipole moment. Consequently, there should be an increase 
in the hydrogen-bond energy between the carbonyl oxygen 
atoms of the head groups and the hydrogen atoms of the 
water molecules and, as observed, an increase in the 
stability of the monolayer. The stabilising influence of the 
carboxyl “C atom seems to have its origin in the hydrogen 
bonding or dipole-dipole interactions between the carboxy! 
head groups and the subsolution water molecules. 


eed 


Decrease in film area Ch) 





Fig. 3 Comparison of the stabilities of Ca-H-St mono- 
layers at 31 mN m“', with compression time of 15 min at 
a temperature of 20.6° C. @, inactive; ©, active. 


The sudden decrease in the stability of “C-labelled Ca- 
H-St monolayers above pH 7.8 corresponds to a significant 
increase in the rate of monolayer collapse’. Apparently 
the isotopic substitution affects the charge distribution 
within the calcium stearate surface micelles so that the 
molecular interactions between the coordination com- 
plexes and the subsolution water molecules are weaker 
than they are in the presence of untagged carbon atoms 
(R. D. Neuman, unpublished). 

It is conceivable that compounds with a high specific 
activity, which exist in the highly oriented arrays of the 
two-dimensional state, may exhibit effects not observed 
commonly in bulk systems. The observed kinetic isotope 
effect indicates that the presence of tagged atoms in the 
head groups of surface active agents may significantly in- 
fluence interfacial phenomena. Unfortunately, this inter- 
facial isotope effect is not understood completely and 
needs further clarification. 
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: Geographic and temporal 


development of plagues 


ALTHOUGH deterministic and stochastic descriptions of localised 
epidemics abound in the literature of epidemiology and quanti- 
tative biology'-?, the geographic spread of epidemics has not 
been analyzed in such detail. (Although in ref. 2, page 205, 
Bailey gives equations similar in spirit to my equation (1) they 
seem to lack physical significance.) Realistic mathematical 
models of the geotemporal development of plagues could be 
useful in the study of epizootics (that is, in ecology, wildlife 
management or veterinary medicine), of social phenomena 
(such as the spread of drug abuse or fads), and of history. 
Needless to say, such models should also be applicable to 
public health questions. 

I report here the results of an investigation of the propagation 
of epidemics using a simple, but plausible, deterministic model, 
and compare them with Langer’s data on the Black Death of 
1347-50 (ref. 3). First I describe the model, then explore its 
mathematical properties and in particular its ability to sustain 
wave-like (propagating pulse) solutions, compare its predictions 
with existing data, and finally discuss its shortcomings and 
suggest directions for further research. 

To describe the progress of plagues as simply as possible, it Is 
convenient to assume only two interacting populations which 
can be taken to be infectives and susceptibles, although one 
might equally well consider hosts and parasites (for example, 
rats and fleas) or humans and vectors. We can express the 
change with time of the number of infectives within a small 
area as the rate of transitions from the susceptible population, 
less the removal rate (defined as the mortality, plus recovery, 
plus the net physical outflow from the area). The temporal 
variation of the susceptible population can be expressed 
similarly, except that the transitions from susceptible to infec- 
tive appear as a net loss, and that the rate of removal is merely 
the net outflow. It is reasonable to suppose that, under the 
conditions obtaining during plagues, the net outflows of the 
infective and susceptible populations result from random walks 
rather than mass migrations, and thus can be represented as 
simple diffusion. The resulting equations are: 


al 2. @2y a 
a ee K SR oh i la 
z KIS pls D (7> 3) (la) 

-KIDI La ib 
S= KIS D( Zr =) (1b) 


densities, u is the mortality rate (which for simplicity I have 
represented as a Poisson-distributed process) and the transition 
rate from / to S is proportional to the rate of binary encounters 
between infectives and susceptibles. The transmissibility 
coefficient K may be expressed in terms of more fundamental 
quantities: 


on oO 
K=2 | dbb | dvv P (b, v) f (b, v) =2cbvf> (2) 
“oO vo 

where f(b, v) is the infection probability as a function of distance 
of encounter, b, and velocity v, and ® (b, v) is the distribution 
function for encounters. This AK represents the average area 
of infection swept out by an infective per unit time, and KS is 
therefore the number of new infectives produced per unit time, 
per infective. The diffusion constant, D is assumed the same 
for both groups, since there is no good reason to assume it is 
not the same. The model represented by equations (1) and (2) 
is usually described as deterministic although it incorporates 
probabilistic ideas in three places (the rate of binary encounters, 
the random walks leading to a diffusion term, and the Poisson- 
distributed mortality) because it admits of numerically precise 
solutions and gives ng idea of what the variance of / and S 
should be. (Although we should clearly expect the variances 
of the numbers of individuals to be found in the area dA to be 
ropghly /dA and SdA, respectively, by analogy with other 
counting experiments.) 
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Since we are interested primarily in the simple case in which 
the initial susceptible population density is uniform, S; 9)= U, 
we can reduce equation (1) to dimensionless form by scaling: 


i-U!I 

SUS 

x DİK UY žy 

tof KU)" t 

and so j oe 

als M EA TE za) (3a) 
oS N H 4 0? we g? = | 
a S* Van ae? Gb) 


where à =pu/ KU. 

Langer’s map, in which contours of the progress of the black 
Death are drawn for equally spaced time intervals (Fig. 1), 
strongly suggests wave-like propagation of this disease. For 
this reason I have investigated whether equation (3) can support 
propagating one-dimensional (plane) waves. Letting J (7 )= 
I (x— vt) and SIZ t) =S (xvt), we obtain the coupled, second- 
order ordinary differential equations 

=y =m (4a) 


I(—æ)= ()= 

O<S(—0)<§(%)= 

I, S, y>0? 
Adding equations (4a) and (45), we find 
€ (m+ S(x)] =e * era’ I(x’)dx’ >0 (5) 
dx. l : si | 
so that 

K+ S(x) < I(06) + Sa) (6) - 


On the other hand, if we integrate (4b) from — © to +% we 


I> 
AS =S(%)— S(— ©) age | dx I(x) S(x) (7) 
a eee n 
However, integrating (4a) from — œ to + œ we find 
afas ix) = [ax I(x) S(x) = vAS (8) 
lt; o (ne - 3D 
and since 0 < S(x)< 1 for all x, 
a0 ea 
| dx I(x) > l dx /(x) S(x) (9) 
s a G 
or 
=AS>vAS 
That is, wave-like solutions can only exist if 
A = ujku < I (10) 


This criterion which the ratio of the rate constants, y and KU, 
must satisfy has an obvious physical interpretation: if the 
infectives die too rapidly, they cannot spread the disease; 
whereas if the population density multiplied by the transmis- 
sibility factory K is too small, the plague cannot be transmitted 
either. (I should add that it is straightforward to show that 
outward-propagating circular waves are also solutions of 
equations (3); see also ref. 2, page 205.) 

There are various ways one might attempt to find an approxi- 
mate solution of equations (4) and thereby estimate v as a 
function of à. I thought it more interesting to consider the 
original partial differential equation in order to see explicitly 
how wave-like solutions arise. I have therefore solved numeric- 
ally the (one-dimensional) equations 
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on a spatial mesh of 100 points. The development of and final 
form of the propagating solutions is essentially independent 
of the initial distributions X(x, 0) and S(x, 0), as long as they 
bear some resemblance to a plague locus entering a previously 
uninfected population of susceptibles. (When the ratio p/KU 
exceeds the critical value, unity, initial perturbations rapidly 
die away.) A typical propagating solution is shown in Fig. 2. 
The (approximate) velocities of propagation, the maximum 
density of infectives, and surviving populations are given in 
Table 1 for various values of p/ KU. 

At the time of the Black Death (1347 ap) the population 
density U of Europe was about 50 mile. To try to get a rough 
idea of what D should be, we note that communication was 
such that one might expect minor news or gossip to diffuse a 
distance on the order of 100 miles in a year, that is D~ 10* 
mile? yr! (ref. 4). The area swept out in ambulation at a 
nominal 1 mile h> slow walk, assuming < fb> ~ 0.5 foot (Corres- 
ponding to a 5-foot flea-hop times a 10% average transmission 
probability) is 0.4 mile? yr? and so KU~20 yr”. Assuming 
a mortality rate of u~15 yr? (corresponding to a 2-week 
infectious period) we expect a velocity of propagation of 200- 
400 mile yr. This velocity is in substantial agreement with 
that which can be estimated from Fig. 1. (All the numbers - 
given above were educated guesses, but the resulting speed is 
insensitive to their values since v ~4/ KUD. My object in making 
these guesses was primarily to indicate the reasonableness of 
the model and its predictions.) 

The results reported here can be summarised as follows. 
The gross features of the geographical progress of epidemics 
can be described by means of a deterministic model which is 
strongly reminiscent of models which have been used to 
describe chemotaxis®, propagation of neural impulses*, 
complex organic chemical reactions’*, and the advance of 
advantageous genes along a one or two-dimensional habitat}, 
The model presented here gives rise to propagating solutions 
whose velocities are (primarily for dimensional reasons) com- 
parable with the observed velocity of the Black Death of — 
1347 ap when the physical constants in the model are set to ` 
reasonable values. It is particularly important that, given 


the infectious period of the disease (essentially the time for — 
removal of a diseased individual from the population of | 
infectives) and its transmissibility, K, we can estimate the 





Y MOSLEM STATES 


Fig. 1 Approximate cħronology of the black death, 1347 to 
1356. (From The Black Death by William L. Langer. Copyright 
©1964 by Scientific American, Inc. All rights reserved.) 
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Fig. 2 A typical numerical solution of the (one-dimensional) 
equations (Ila) and (116) which shows clearly the pulse-like 
character of the plague after the introduction of the initial 
infection. The equations were solved on the spatial interval 
O< x <100 in unit steps and with time-steps of 0-5. The 
distributions of susceptibles, S(x, 1), are indicated by dashed 
lines after 60 and 80 time steps. The distributions of infectives 
after 20, 40, 60, and 80 time steps are indicated by the solid 
lines. The initial distribution of susceptibles was uniform and 
equal to unity, whereas that of the infectives was zero for 
x > 5, and consisted of 5 random numbers lying between 0 and 
0-01, for I< x <5. Repeated runs indicate that after 20 
time steps the distributions are independent of the initial ones, 
for a very wide range of initial infectives introduced in the 
vicinity of x=0. (Note also that the precipitous drop in 
S(x, t)near x =O is an artefact of the bounda ry conditions, which 
remains fixed in space and which does not reflect the true 
number of remaining susceptibles after the plague wave has 
passed.) A==0-5, 





critical (minimum) population density necessary for the out- 
break of epidemics: 
U > Ucrit = JK. (12) 
This relation may have some use as a historical tool, since if 
K and u are known for a given type of epidemic, and if D 
can be estimated more accurately than was possible herein, 
for a given terrain and cultural level, then the local value of U 
can be extracted from the observed advance of plague fronts. 
Moreover, if we consider the maximum value of I in the wave, 
we see that it decreases monotonically with à, and so gives 
an independent estimate of u/KU. Finally, if we apply a reason- 
able model of the inheritance of susceptibility to estimate the 
relative frequency of susceptibles and immunes after a given 
period of time, starting from some initial relative frequency, 
and if we take into account the recurrence time for major 
historical epidemics of a given kind, we should be able te at 
least check for self consistency estimates of population and 
of plague severity such as those quoted by Langer?. 
it is also interesting to extract fram the solutions of this 
‘model the appearance of the plague wave to a stationary 
Observer. He would see an extremely sudden onset of the 












ure Vol. 250 August 30 1974 


disease, during which some fraction of the susceptibles catch 
the disease, followed by the afflicted dying. Note that in these 
calculations, not all of the susceptibles become infected and 
die. The survivors of high-mortality plagues p/KU>0.5 are 
therefore a mixture of the immune and the merely fortunate. 
Paradoxically, the more rapidly fatal the disease is on an 
individual basis, the better it is for the population. (This is, 
of course, well known from the theory of localised epidemics.) 
Because of the existence of a critical value, u/K, of the suscep- 
tible density, we expect the actual development of a plague 
to follow the sequence: (1) increase of U by general population 
growth or in-migration past U,,;; and thereby the creation 
of a substantial instability toward a plague wave; (2) intro- 
duction of the plague agent above the minimum threshold: 
(3) extremely rapid development of plague. The present situa- 
situation of many industrialised nations is such that the density 
of susceptible individuals is at least a factor of 10 greater 
than that which obtained in mediaeval Europe. The present 
calculations suggest that any serious outbreak of bubonic 
plague, such as might be expected to follow a lengthy disruption 
of medical services, would result in the death of essentially 
all the susceptibles. What fraction of the population might be 
so described is not clear, especially in the face of possible 
mutations of the responsible microorganisms, but it probably 
is at least 25% and might exceed 75%. 





Table I Parameters of plague waves for several values of the damping 
parameter Ae p/KU 


SAN eeerreneerer rons ores 


I (max) Si 





u/ KU y (in units 
of vy KUD) 
0.10 2.0 0.7 ~Q 
0.25 1.9 0.4 ~0.025 
0.50 LS 0.14 0.22 
0.75 0.8 0.03 0.6 
0.90 0.55 0.004 0.8 





There are several grounds on which to criticise the present 
model. First, the usual density distribution of human popula- 
tions is clumped, not uniform (because people tend to live 
in villages and cities); and second, the model takes only the 
most elementary account of chance. As long as we do not 
attempt too detailed a simulation, averaging over the clumps 
will doubtless give the same gross predictions as the uniform 
distribution. On the other hand, the major divergence of the 
results of the deterministic model from those of the more 
fundamental stochastic approach is most likely to be that the 
latter would also predict a minimum threshold for the number 
of initial cases of the disease, below which propagating solutions 
are improbable. (We would expect this effect because statistical 
fluctuations would tend to damp out a small outbreak with 
near certainty.) 

It is worth reiterating that models such as that presented 
here could be applied directly to the study of epizootics and 
should therefore be useful in ecology, wildlife management 
and veterinary medicine. Further, the spread of certain mass 
sociophychological phenomena (such as new religions) might 
be sufficiently similar to that of plagues as to be worth investigat- 
ing by similar methods. 

I am an Alfred P. Sloan Foundation Fellow, 1971-74. 
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Identification and follow-up of infants 
at risk of sudden death in infancy 


In the past 10 yr infant deaths in the age group 1 week 
up to I yr have levelled off at about 7.5 per thousand. About 
half these deaths are sudden and unexpected and are con- 
sequently referred to a coroner for certification, subsequent 
post mortem investigation reveals evidence of disease likely 
to cause death in 30% of sudden deaths: in the remainder 
the cause of death is obscure and such a case may be de- 
scribed as sudden infant death syndrome, SIDS, or more 
conveniently as cot death. In 1972 a panel, convened by 
the National Institute of Child Health and Human Develop- 
ment, Washington, to discuss the status of epidemiological 
research in SIDS considered a prospective study of high 
risk babies of primary importance, but doubt was expressed 
as to whether a sufficiently high risk group could be identi- 
fied to make such a study feasible (P. Froggatt, personal 
communication). We report the results of the first year of 
such a prospective study. 

To determine means of identifying high risk babies at or 
soon after birth, detailed obstetric and perinatal histories 
were abstracted for 119 cases of sudden infant death and 
135 live controls born in the same hospitals’. In this study 
we excluded cases of sudden infant death associated with 
serious congenital anomaly, for example, congenital heart 
defect or Down’s syndrome. We intended that the high risk 
group should include both explained and unexplained 
deaths. The former group, comprising 29% of the 119 cases, 
are potentially preventable and their identifying character- 
istics were found to differ little from those of the un- 
explained deaths. 

From univariate tabulations a set of 40 variables were 
selected which could be ascertained at or soon after birth 
and which gave some indication of being of prognostic value. 
Stepwise discriminant analysis showed that the variables, 
shown in Table 1 in order of importance, were statistically 
significant. The sign of the coefficient indicates whether 
estimated risk increases as the variable increases. For 
example, the risk decreases as the age of the mother increases 
and also if her blood group is A and if she intends to breast 
feed the baby. Conversely, the risk increases as the birth 
order of the child increases and if the blood group is O, B 
or AB. Using these variables Mahalanobis’ generalised 
squared distance between the groups is 1.62 and the observed 





Table 1 Variables included in the best linear discriminant function 
and the sign of the coefficient 





Sign of Variable 
coefficient | 
~~ Mother’s Age \ Together the most powerful 
4- Birth Order f discriminators 
M *A 
Ea *O Blood group of mother* 


ae *B or AB ° 

— *Intention to breast feed 

= aruon = 2nd stage of labour 

E imrecre” } during pregnancy 

-|- *Iinfant premature (< 2800 g and (or) <» 37 week 
gestation) 





* Scale: yes = 1, no = 0, © et 
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Table 2 Number of infants, sudden deaths and hospital admissions 
in various groups of the prospective study 








Hospital 
Risk admissions 
No.in No. relative w of 
Group group deaths toB No. group 
B 5,077 7 1.0 180 3.5 
A not selected 477 4 6.1* 42 8.9 
A followed up 354 ~ =- 25 74 
A did not participate 80 | 9.11f 9 11,3 
Excluded congenital | 
anomaly 15 — ~ — ~ 


eserstreneuitniecinaaracn oven AAP NETTET 


* 0.005 > P > 0.001. + 0.05 > P > 0.01. 


discriminant scores were approximately normally distributed. — 
This implied that a high risk group comprising 15% of the 
population with the highest scores was expected to include = 
60% of sudden infant deaths and hence have a relative risk = 
86 times the remainder. A similar analysis by Kraus et al.’ 
using linked birth and death registration data for white -> 
children in California apparently gave a generalised squared 
distance of 0.8 which would imply that the relative risk of = 
the corresponding high risk group would be 4.5. Shrinkage’ 
may be expected to reduce the relative risks in practice, 
A prospective study was set up as follows. The. dis- 
criminant scores of all babies born in a defined area to be 
evaluated within 24 h of birth; scores larger than 85% 
quantile defined group A and the remainder group B. Half 
group A, selected at random, together with samples of > 
group B were invited to participate in the study. This com- = 
prised an initial clinical examination made within 48 h Oi 
birth, a second at 5 weeks, together with 10 visits to the _ 
home spread over the first 20 weeks of life by specially 
appointed health visitors. The study started in January 1973. 
During 1973, 6,003 births were screened, 19 more than the 
number of births registered in the area for the year. The 
results were as shown in Table 2. The observed relative risk 
for those in group A not selected for study is 6.1 which is 
significantly greater than 1.0, 0.005>P. The risk of the group 
who did not participate is higher and also significant. There 
are encouraging indications that the study may be preventing 
some deaths. This agrees with case reports. Hospital ad- 
mission rates confirm that group A is a high risk group. 
We conclude that a large scale study of all forms of post- — 
neonatal infant mortality along these lines is feasible, and 
offers the best method of reducing these deaths. Meanwhile - 
our study continues. Eo 
This study is being supported by the Foundation for the — = 
Study of Infant Death, and the Public Health Department, ~ a 
Sheffield. ee: 
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Thegosis in herbivorous dinosaurs 


THE name thegosis was coined by Every and Kiihne’ for the 
short and powerful process of tooth sharpening which is | 
accomplished in mammals by the grinding of one tooth > 
against another. Thegosis produces sharp-edged, planar (or 
curved planar) wear surfaces on the teeth. The thegosis wear 












enamel and are typically marked with deep parallel striations 

‘(fot necessarily coincident with the maximum slope of the 

wear facet). In some mammals thegosis keeps certain teeth 
_ Sharply honed for use as weapons (as with the canines of 
= suids and hippopotamids); in others thegosis sharpens the 

teeth which deal with food (as with the carnassial apparatus 
in felids). 

In mammals thegosis wear is accompanied by a second 
type of tooth wear, dental abrasion, which occurs at food / 
tooth interfaces during mastication. Areas worn by abrasion 
are not sharply defined and have an irregular topography 
which more or less follows the original form of the tooth. 
In abraded areas the dentine is excavated to leave the 
more resistant enamel as a rounded wall and there are 
deep and shallow scratches without preferred orientation. 
During mastication the thegosis wear facets suffer abrasion; 
eventually they need to be recut by thegosis. 

Tooth sharpening is not exclusive to mammals. Some 
herbivorous reptiles (notably ornithischian dinosaurs) seem 
to have sharpened the teeth by thegosis-like grinding, in 
spite of the fact that there was rarely any consistent pattern 
of occlusion. Two types of tooth wear in ornithischians are 

counterparts of thegosis wear and abrasion wear in mam- 
mals. Though the thegosis wear facets of ornithischians 
seem to differ from those of mammals in lacking deep 
parallel striations, it is evident that a process of tooth 



















reptiles. Lack of striations from the thegosis wear facets of 
reptiles might be explained by assuming that active thegosis 
was a relatively infrequent occurrence. Then, in the long 
intervals between episodes of tooth Sharpening, any stria- 
tions would have been obliterated by abrasion wear. This is 
exactly the system of tooth wear which Every and Kiihne 
describe’ in the Eocene tapiroid Lophiodon. Tooth sharp- 
ening in herbivorous reptiles may not have been exactly 
comparable with tooth sharpening in mammals (particu- 
larly in view of reptilian polyphyodonty), but the mechan- 
isms produce such similar patterns of tooth wear that I 
feel justified in referring to both as thegosis. 

Before examining dental abrasion and thegosis in reptiles 
it is necessary to mention a third type of tooth wear which 
occurs in some ornithischians. This is wear caused by inter- 
dental pressure (Fig. la). Wear facets produced by inter- 
dental pressure are sharply defined, small in area, rounded 
in shape, and have flat or slightly irregular surfaces. These 
_ facets of this type are developed where the teeth in adja- 
_ posterior surface of the tooth crown, though they may 
Sometimes be found on the lateral or medial surface. Wear 
_ facets of this type are developed where the teeth in adja- 

cent alveoli are in contact and they are commonest where 
the teeth are crowded into the jaw bones and have an over- 
_ lapping arrangement’. Wear facets produced by interdental 
_ Pressure are concealed in the intact dentition and can be 

: seen only when the teeth are separated. 
- Blunting of the tips, edges, denticles, cingula and wear 
_ facets of the teeth in ornithischians is evidently the pro- 
: duct of abrasion (Fig. 15). Comparable tooth wear is doubt- 

<- less universal among reptiles. 

= The literature dealing with the teeth in living and fossil 














reptiles gives the impression that thegosis wear is best 
developed (or at least best documented) in the ornithischian 
dinosaurs. Thegosis wear (though not identified as such) 
definitely occurs in some other herbivorous reptiles—in 
sauropods’ and in certain lizards‘—and might well be 
expected to occur in some of the prosauropods, therapsigs 
id _pareiasaurs. I can find no evidence that the teeth were 
er sharpened by thegosis-like grinding in omnivorous and 
rnivorous reptiles. 

ew.: herbivorous dinosaurs used the teeth as sabrg-like 
sli hing weapons, analogous to the canine teeth of suids, 








acets cut straight across boundaries between dentine and 
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Fig. 1 Outline sketches of ornithischian teeth to show 

different types of tooth wear. a, Small, rounded and sharply- 

defined facets produced by interdental pressure: b, ill 

defined areas of abrasion wear (stippled); c, single, large and 

sharply-defined facet produced by thegosis: d, pair of large 

sharply-defined facets produced by thegosis. Loosely adapted 
from illustrations in Thulborn?}'’. 


tayassuids and tragulids, but this is almost certainly the 
function of the caniniform tusks in heterodontosaurid 
ornithopods’. In heterodontosaurids the tusks could not have 
been honed by tooth-on-tooth wear’ and their slashing edges 
are finely serrated instead**. No reptiles, living or extinct, 
seem to have employed thegosis to maintain dental weapons 
in fighting trim, and I conclude that herbivorous dino- 
Saurs used thegosis solely to sharpen the edges of those 
teeth which dealt with food materials. 

In some ornithischians thegosis wear (or a very similar 
type of tooth wear) was developed on a large scale: planar 
wear surfaces were formed along entire sections of the 
cheek dentitions in heterodontosaurids’™*, hadrosaurs’, 
ceratopsians’’”'* and some protoceratopsians’*~", In most 
ornithischians, however, thegosis wear facets were developed 
on individual teeth: single or paired facets (Figs Ic, d) are 
found in the teeth of fabrosaurids”, hypsilophodontids?:?""*, 
pachycephalosaurids’’’, some protoceratopsians'*, iguan- 
Odontids (sensu lato)'***"", — psittacosaurids'*’?” ankylo- 
saurs’’’** and stegosaurs’’**. A single wear facet (Fig. 1c) 
indicates that the tooth was sharpened directly against 
a single counterpart tooth in the opposing jaw; paired wear 
facets (Fig. 1d) were produced when the tooth interlocked 
with a pair of teeth in the opposing jaw". Both single and 
paired facets may occur in members of a single species”. 

Recognition of thegosis (or, at least, of a process closely 
akin to mammalian thegosis) in herbivorous dinosaurs 
warrants some reconsideration of tooth function in these 
animals, Evidently the sharp tooth edges and the planar 
wear surfaces produced by thegosis played important parts 
in mastication. The planar wear surfaces effectively reduced 
the tooth crowns to wedges, and as these were driven 
into the food they splayed it open and, eventually, divided 
it info two pieces. By sharpening and re-sharpening the 
leading edges of the wedge-like teeth-thegosis enhanced 
and maintained the food-cutting action of the dentition. 
Any grinding of food between the thegosis wear facets of 
Opposing teeth would dave been incidental to this food- 
cutting process. It cannot be emphasised too strongly that 
thegosis was not directly involved in mastication: the pro- 
cess pf thegosis merely shaped the teeth for use as tools 


Nature Vol. 250 August 30 1974 


in mastication. In short, the cheek teeth of many herbi- 
vorous dinosaurs might best be envisaged as chopping or 
cutting tools, rather than as grinders. 
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Echolocation of insects by horseshoe bats 


Most bats of the Suborder Microchiroptera use echoloca- 
tion during the pursuit of insect prey’. This conclusion was 
originally based on observation that bats emitted high 
frequency orientation sounds during pursuit of insects and 
that their repetition rate increased sharply during close 
pursuit manoeuvres. Experiments in controlled laboratory 
conditions later demonstrated that little brown bats 
(Myotis lucifugus) could capture fruit flies (Drosophila sp.) 
by echolocation when vision and passive hearing of insect 
flight sounds were not possible’. 

This does not mean, however, that all insectivorous 
bats necessarily employ echolocation to the exclusion of 
other methods for locating insect prey. Indeed, Moehres’ 
observed that bats were attracted by the buzzing sound 
of insects which were not visible and probably not detect- 
able by echolocation. Kolb* has demonstrated experimentally 
that the European Myotis myotis commonly detects non- 
flying insects by passive hearing. Recently, Kolb’ suggests 
that olfaction plays an important role in food location, 
and that pulses of high frequency sound are accompanied 
by air currents which stir up odours. But the data Kolb 
presents do not conclusively show whether the bats located 
the food by scent or by echolocation. 

Airapetjantz and Konstantinov? have recently reported 
that in a large outdoor flight cage horseshoe bats of the 
genus Rhinolophus used echolocation to detect only esta- 
tionary insects suspended by threads. The bats seemed to 
cease emitting high frequency orientation sounds when a 
tethered moth moved its wings and made limited flights 
within the cage. This report is so sĦarply at variance with 
extensive observations of many species of bats in both 
temperate and tropical latitudes that further investigation 
is clearly necessary. oe 
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Although horseshoe bats have been intensively studied 
in the laboratory, their insect pursuit behaviour has not 
been observed in natural conditions with appropriate acous- 
tic apparatus. We were able, however, to study a small colony 
of Rhinolophus ferrum-equinum which has roosted for 
many years in the principal buildings of the Cimiterio 
Suburbano in Pisa. Thanks to special permission from the 
municipal authorities we were able to observe and record 
these bats during many evenings in June 1973 as they flew 
out of one building and hunted insects along the pathways 
of the cemetery and close to the walls of several other 
structures. 

Our portable, battery-operated apparatus consisted of 
plastic dielectric microphones and the amplifier-detector 
circuit described by McCue and Bertolini’, The amplified 
ultrasonic signals were recorded on a Pemco Model 110A 
instrumentation tape recorder and monitored with a small 
battery-operated oscilloscope (Tektronix type 323). Almost 
all of the horseshoe bats disappeared after the first 20-30 
min of each evening’s foraging flights. We could not ascer- 
tain whether they flew away from the cemetery or landed, 
possibly with full stomachs as is frequently the case with 
insectivorous bats during the summer months when food 
is plentiful. Most flew along a predictable flight path each 
evening between vertical stone walls and rows of cypress 
trees whose branches were about 0.5-2 m from the walls. 
On most evenings we placed a Holgate ultrasonic detector® 
20-30 m ‘upstream’ from the position we had selected for 
tape recording. The audible beat notes from this heterodyne 
detector alerted us as horseshoe bats approached and 
allowed us to concentrate attention on them rather than 
the numerous vespertilionid bats (probably Pipistrellus 
pipistrellus) which were also abundant in the vicinity. 

While many horseshoe bats flew rapidly past our position 
without slowing or turning, and thus were probably not 
hunting, many others seemed clearly to be pursuing insects 
such as moths of 1 to 2 cm wingspread which were often 
present. On several occasions a bat would circle very 
rapidly around a cypress tree, flying within a few centi- 
metres of its outer branches, and we strongly suspect that 
at these times they were pursuing and sometimes capturing © 
insects that had been resting on the outer twigs. These 
trees were 0.5-1.5 m in diameter at the altitudes where 
this circling behaviour occurred. 

On some evenings we attempted to elicit more insect 
pursuit manoeuvres within range of our microphones by 
presenting small tethered insects attached by light threads 
to a fishing pole. These were manoeuvred into the 
customary flight path of the bats and caused to move 
as nearly as possible in a normal fashion. Two or three 
were repeatedly attacked. 

On several dozen occasions during the last two weeks 
of June we were able to observe flight manoeuvres that 
resembled insect pursuit, although it was not possible to 
be certain in all cases that it was an insect rather than 
the cypress twigs or our poles and thread that was attracting 
the bats’ attention. Many of these were spontaneous 
manoeuvres when no pole or tethered insect was present 
while others seem directed at our tethered insects. In 
none of these cases was there the slightest sign that 
emission of orientation sounds ceased. On the contrary, 
their repetition rate increased as has been repeatedly ob- 
served with other insectivorous bats both in the laboratory 
and in natural conditions. Every time a horseshoe bat 
flew within reasonable range of the microphone, typical 
orientation sounds were emitted at characteristic repetition 
rates. When the bats made rapid turns, dodged our poles. 
or seemed interested in insects, there was always a marked 
increase in repetition rate. 

Preliminary analysis of our tape recordings shows approxi- 
mately the same physical properties of the orientation 
sounds as have been described for the same species dodging 





















wires in a relatively small laboratory room. Whenever the 
signal-to-noise ratio was reasonably adequate both rising 
and falling frequencies were distinctly visible at the 
beginning and end of each pulse when the output of a 
period meter was displayed on a cathode ray oscilloscope”. 

It seemed worthwhile to analyse in some detail pulse 
durations and interpulse intervals in four cases when a 
single horseshoe bat yielded good recordings continuously 
for a few seconds and during that time engaged in what 
seemed to be an insect pursuit. Typical pulse durations 
when flying reasonably straight without apparent pursuit 
manoeuvres were 50-75 ms, but occasional pulses had 
clearly defined durations as long as 85 or 90 ms. These 
were single pulses at reasonably high signal-to-noise ratios 
without any interruptions. During ‘buzzes’ on close ap- 
proach to an insect or other small object pulse durations 
dropped to about 10 ms and in one case to 7-8 ms. The 
short series of pulses, having durations of 10-15 ms, lasted 
for only about 0.1-0.2 s. Interpulse intervals were almost 
always shorter than pulse durations, and they decreased 
to approximately 5 ms during the buzzes. Occasionally rela- 
tively long pulses were interrupted by intervals as short as 
2 or 3 ms. Similar patterns have often been observed in 
the laboratory. 

Thus all the greater horseshoe bats we were able to 
observe closely while apparently hunting insects under 
natural conditions emitted intense and rapidly repeated 
orientation sounds and gave every evidence that they 
were employing echolocation to locate and intercept their 
insect prey. 
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Olfactory imprinting resulting from 

brief exposure in Acomys cahirinus 

RECENT experimental studies of olfactory ‘imprinting’ in 
infant mammals have typically utilised relatively long term 
exposure to the training odour, during which that odour 
could become associated with such conventional reinforcers 
as food and warmth’~*. Here we report an instance of 


- mammalian olfactory imprinting which is truly analogous to 


classical avian imprinting, that is, the imprinting exposure 
being of a relatively short duration with no readily identi- 
fiable conventional reinforcer being present at the same 
time with the imprinted odour. The subject species, Acomys 
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cahirinus (spiny mouse), is a murid rodent whose precocial 
infants possess functional motor and sensory capabilities 
within hours of birth’, 

An initial experiment was conducted to ascertain whether 
infant Acomys would become attached to artificial olfactory 
cues associated with their cage—their home environment. 
As soon as a newly-born litter was discovered (about 1-12 h 
after birth), the parents and infants were placed together 
in a clean cage containing a shallow layer of bedding 
material overlying a level teaspoon of either ground cinna- 
mon (Cin) or ground cumin (Cu) which had been evenly 
sprinkled over the bottom of the cage before the introduc- 
tion of the bedding material. The animals remained in this 
cage in an isolation room until testing 24-26 h later— 
separate rooms being used for the two exposure odours. A 
total of 12 litters (34 young) were randomly assigned to the 
two exposure conditions: with seven litters (18 young) 
exposed to Cu, and five litters (16 young) exposed to Cin. 
An earlier control study had indicated that naive 1-d-old 
Acomys young show no inborn preferential response to 
either of the test odours. 

After the 24-26 h exposure period (at 26-36 h old), the 
young were individually tested in a series of two-choice 
preference tests with Cin and Cu soiled bedding simultane- 
ously present at opposite ends of the test cage. A young 
mouse was placed on a clean starting strip centred between 
the two areas of odourised bedding material and observed 
until moving entirely onto one of the areas of bedding, or 
until a maximum of 300 s had elapsed without a choice 
being made. Each young was given 10 successive two-choice 
preference tests in this manner. 

A preference score was calculated for each subject by 
subtracting the number of positive responses to Cu from 
the number of responses to Cin. Thus, a positive score 
would indicate a preference for Cin over the 10 consecutive 
choice tests, while a negative score would indicate a 
preference for Cu. The 18 young that had been exposed to 
Cu had a mean preference score of —2.61. A Wilcoxon 
matched-pairs signed-ranks test on the individual preference 
scores indicated that the preference for Cu (the training 
odour) was significant P <0.02 (two-tailed test). Likewise, 
the 16 young exposed to Cin showed a subsequent prefer- 
ence for that odour during the choice tests—mean pre- 
ference-score = +4.50 (P <0.01, two-tailed Wilcoxon test). 

Having ascertained that infant Acomys young prefer a 
chemical stimulus to which they had been exposed for 24 h 
(in their home cage) over a novel chemical stimulus, we 
next wished to determine whether conspecific young would 
show similar preferences as a function of a relatively brief 
exposure period during which the chemical stimulus would 
not be associated with any conventional reinforcer. This 
was investigated by exposing Acomys young 2-12-h-old to 
the odour of either Cin or Cu for a single period of 1 h, 
and individually testing them in a series of two-choice 
preference tests (as above) 24 h after the exposure period. 

During the exposure session, all of the young from a 
given litter were removed from the home cage and parents 
and placed together into an acrylic cylinder (exposure 
chamber). A second cylinder (odourant chamber) containing 
a teaspoonful of the appropriate training substance (either 
Cin or Cu) was linked to the exposure cylinder by neopreme 
tubing (18 inches long) with a filter placed over the end 
entering the odourant chamber. Air was forced from the 
odourant chamber, through the filter and tubing, and into 
thé exposure chamber; thereby exposing the young to the 
airborne odour of either Cin or Cu. The young were 
returned to the home cage immediately following the ex- 
posure period, where they remained until testing 24 h later. 
A total of 29 young mice (from 12 litters) were used in this 
experiment, with 15 being exposed to Cin and 14 to Cu. 

A statistical analysis of the preference scores for all 29 





Nature Vol. 250 August 30 1974 


young indicated that the exposure odour was preferred 
significantly over the novel odour during the choice tests 
(P <0.01, two-tailed Wilcoxon test). Further analyses indi- 
cated that the mean preference score of the 15 young 
exposed to Cin was +2.13 (P <0.025, one-tailed test) and 
— 1.86 for the 14 young exposed to Cu (P <0.025, one-tailed 
test). Thus, the exposure odour was preferred over the novel 
odour—regardless of whether the young mice had been 
exposed to Cu or Cin. 

The survival value of such rapidly acquired stimulus 
preferences in this precocial murid rodent would seem to 
be similar to that of imprinting in avian species. In each 
instance, early attachment to a specific stimulus complex 
would serve to decrease the likelihood of the neonate 
wandering away from the parental figure or home area, 
and thereby decrease the possible risks of predation, starva- 
tion, or exposure to the elements. While precocial avian 
species tend to rely primarily upon visual cues for early 
stimulus attachments? precocial species of macrosomatic 
mammals (such as Acomys) might be expected to rely 
primarily upon olfactory cues to mediate early attach- 
ments'*"""| There is, however, some evidence to suggest 
that other sensory modalities may function to some extent 
in attachment formation of both precocial avian and macro- 
somatic mammalian species. Gottlieb”, and Porter and 
Stettner’, for example, report that hatchlings of several 
species of precocial birds become attached to specific 
auditory signals as well as visual cues; while Sluckin’* has 
found that visual imprinting may occur in guinea pigs. Thus, 
even during the first few days of life, stimulus attachments 
and preferences in these species are possible in other than 
the most salient sensory modality. 
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Evidence for a dual central role for 
angiotensin in water and sodium intake . 


ANGIOTENSIN II induces short-latency water intake when 
infused intravascularly or injected into certain brain regions 
of mammals’. But conceptual difficulties arise if one asks 
why this should be so, and whether the data reflett real 
physiological actions. For example, angiotensin is a pressor 


hormone formed from kidney-based renin in response 
a & 











to challenge such as hypotension and hypovolaemia’”". 
Water ingestion, in itself, is not an adaptive response to 
such challenges, since most ingested water is distributed — 
intracellularly and will not relieve a vascular crisis. An | 
adaptive response to hypotension or hypovolaemia would 
involve ingestion of an isotonic mix of fluids, since this ` 
would most rapidly and effectively increase vascular volume. 
In fact, hypovolaemia does result in an immediate increase 


in preference for isotonic saline over water and a delayed 
(6-10 h) acceptance of unpalatable hypertonic salt” 
solutions®’. But, a possible involvement of angiotensin aS o < < 
a rapid and direct facilitator of sodium intake (apart from oe 
a slow and indirect role through stimulation of aldosterone = 
release) has not yet been reported and some evidence 
suggests that angiotensin may not play any significant — ae 
role in regulating sodium intake in the fates eee 
We now present data indicating that angiotensin can- oe 
rapidly facilitate Na’ intake, resulting in selection and 
ingestion of a mix of water and electrolytes best suited _ 
to overcome deficits in circulatory volume or pressure. | 
Adult male rats of the Long-Evans strain, weighing 225 to 
300 g, were anaesthetised with Nembutal and stereo- 
tactically implanted with 23 gauge cannulae in lateral 
preoptic nucleus, nucleus accumbens, or lateral cerebral’ 
ventricles. One week was allowed for recovery from sur- 
gery; during this time animals were individually housed 
with free access to food pellets and deionised water | 
well as the saline solution with which they would lat 
be tested. Testing was conducted in the home cages 
with the positions of the water and saline drinking bottles- 
kept constant. Angiotensin and carbachol (another central 
dipsogen”) were prepared with isotonic saline vehicle to | 
a concentration of 500 ng wl’ and 1 xg al respectively. 
Intracranial injections were of 1 a} volume and ventricular 
infusions of angiotensin were carried out at a rate of- 
500 ng wl! per 8 min over an 8 h period. ae 
The effects of several thirst-inducing stimuli on intake. 
of water and 1.8% saline (two-bottle choice tests) were 
observed in rats in normal water and sodium balance duri 
a l h test period. In 32 rats, intracranial injection 
angiotensin resulted in an average intake of 9.6 ml ol 
water and 6.8 ml of 1.8% saline. Following carbachol, - 
15 animals ingested an average of 9.5 ml of water and 
only 0.5 ml of 1.8% saline. In 14 other rats, thirst waso 
induced by subcutaneous injection of 5 ml of 1.5 M Naci 
Average fluid intakes after this intracellular dehydration 
were 21.7 ml of water and 0.9 ml of 1.8% saline. Thus, | 
thirst induced by intracellular dehydration or by central 
cholinergic stimulation resulted in substantial intake of is 
water only, with minimal intake of the normally non- ee 
preferred 1.8% saline, whereas central injections of ie 
angiotensin resulted in substantial intakes of both water es 
and 1.8% saline. ES 
If a potentiation of sodium as well as water intake is ee 
characteristic of angiotensin action, this should remain 
evident when animals that are deprived of water or sodium 
are stimulated with angiotensin. Intake of water and 1.8% 
saline was observed in 13 rats (ft h tests) when deprived = 
of fluid for 24 h and when deprived of fluid for 24 b plus = : 
receiving central injections of angiotensin. Following de- 
privation alone, the rats consumed an average of 17.1 ml 
of water and 3.0 ml of 1.8% saline; following deprivation 
plus angiotensin, the rats consumed an average of 23.9 mil 
of water and 11.7 ml of 1.8% saline. Increased intake of 
water and saline noted with angiotensin was significant 
(P<0.01, paired sample r test), A similar study was carried 
out on 10 animals, but with a 48 h period of fluid depriva-. 
tioN and a choice test between water and 2.7% sa 
After 48 h of fluid deprivation, the average inta 
water was 22.4 ml, and the average intake of 2.79 2 
was 2.2 ml. After deprivation plus angiotensin, intake of- 
water Sncreased to 25.7 ml, while intake of 2.7% saline = 

































& 





734 


increased to 6.1 ml. The increased intake of salt solution 
Was again significant (P<0.01). 

We next assessed the extent to which angiotensin could 
potentiate an already existing sodium appetite. Ten animals 
were maintained on sodium deficient chow (General Bio- 
chemicals) for 7 d. Half the animals then received angio- 
tensin intracranially and all were then given a 1 h two- 
bottle preference test (water and 2.7% saline). Following 
another week on sodium deficient diets, the testing con- 
ditions for the two groups were reversed. Angiotensin not 
only increased water intake, but also significantly (P<0.01) 
increased consumption of 2.7% NaCl. (Mean intake without 
drug: water, 1.7 ml; saline, 2.8 ml; mean intake after 
angiotensin: water 9.0 ml: saline 7.5 ml.) 

The same testing procedure was followed after a third 
and fourth week of sodium deprivation, but with injections 
of carbachol substituted for angiotensin. Unlike angiotensin, 
carbachol increased water consumption only. (Mean intake 
without drug: water, 2.3 ml; saline, 7.8 ml: mean intake 
after carbachol: water 7.7 ml; saline 5.2 ml.) In later 
tests after weeks 5 and 6 on a sodium-deficient diet, 
angiotensin still potentiated sodium intake (mean intake 
without drug: water, 0.9 ml: saline, 6.5 ml; mean intake 
after angiotensin: water 7.9 ml: saline, 10.4 ml). The key 
point is that angiotensin, but not carbachol, markedly in- 
creased the sodium intake of rats already manifesting a 
sodium appetite, while both drugs enhanced water intake. 

The preceding experiments all show that discrete in- 
jections of angiotensin into the brain result in ingestion 
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“ig. 2 Model of central control of thirst indicating angio- 
tensin effect on both water and sodium intake, ICF J = 
intracellular fluid decrease (and/or Na?* increase) in moniter 
neurones: ICFP =: intracellular fluid increase (and/or 
Nat decrease) in GAGE neurones: IVF 4 =: intravascular 
fluid volume (and/or pressure) decrease: solid line and 
arrow =: facihtory effect; dashed line and open arrow = 
inhibitory (negative feedback) effect. 


of saline solutions as well as water when both are available. 
Conditions leading to Increases in endogenous renin- 
angiotensin levels, however, often involve a prolonged en- 
hancement of such levels. In order to simulate a prolonged 
enhancement of renin-angiotensin levels more closely, long- 
term intraventricular infusions of angiotensin were carried 
out on rats offered a choice of water and 1.8% saline or 
water and 2.7% saline. Seven rats were offered a choice 
of water and 1.8% saline during the 8 h infusion period 
(Fig. 1). Drinkometer records indicated that both water 
and saline intake occurred early in the first hour and 
intake of each fluid alternated throughout the infusion 
period so that an isotonic mix was self selected. Sodium 
losses in urine did not at any time exceed oral intake of 
sodium. Six rats were offered a choice of water and 2.7% 
saline during the infusion period. Total average intake 
was 44.6 ml of water and 15.4 ml of 2.7% saline, with 
ingestion of each fluid beginning within the first hour. 
Again, sodium losses in urine did not exceed oral sodium 
intake, 

These results imply that the drinking behaviour induced 
by angiotensin is qualitatively different than the thirst in- 
duced by carbachol, or by intracellular dehydration. In 
both sated animals and in animals with a pre-existing 
fluid or sodium deficit, intracranialy administered angio- 
tensin facilities intake of sodium solutions as well as 
water, thus making the ingested fluid more appropriate for 
repairing deficits in the extracellular fluid compartment. 

A model encompassing these observations is illustrated in 
Fig. 2 (ref. 14). Intracellular dehydration activates a thirst 
excitatory system which leads to water intake preferentially. 
This system seems to be mediated in part by cholinergic 
neurones in the rat’. Activation of this thirst system, 
through intracellular fluid dehydration with hypertonic 
saline injections or centrally with carbachol, does not lead 
to appreciable sodium intake. Chiarviglio and Taleisnik have 
reported that activity in cholinergic systems actually may 
inhibit sodium intake, while cholinergic blockade facilities 
sodium intake". 

Intravascular fluid depletion, on the other hand, is de- 
picted as activating neuronal systems which facilitate sodium 
intake as well as water intake, although acceptance of 
highly ave-sive concentrations of sodium (that is sodium 
appetite) occurs only after a delay of 6-10 h following a 
challenge. Since sodium intake induced by hypovolaemia re- 
mains in the adrenglectomised rat”, aldosterone cannot 
exclusively mediate sodium appetite; several other factors, 
including baroreceptor input and angiotensin, might have 
a more immediate effect on intake of sodium. Our data 
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sugg st that angiotensin is one of the factors directly 
ncing the intake of sodium as well as water. 
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Exchange of neurotransmitter 
amino acid at nerve endings 
can simulate high affinity uptake 


AXELROD! found that released noradrenaline is recaptured 
by presynaptic nerve terminals, and proposed reuptake as a 
mechanism for rapid neurotransmitter inactivation. Subse- 
quent studies led to the identification of high and low-affinity 
components in the uptake of several putative neurotransmitters 
by nerve terminals?-’. Although the apparent Km values 
reported for the high-affinity uptake of some neurotrans- 
mitters (notably amino acids) are comparable to those reported 
for the low-affinity uptake of other neurotransmitters, it is 
generally thought that the inactivation of most neurotrans- 
mitter amino acids is obtained through high-affinity uptake 
systems having a Km of the order of 1075 M. Indeed, the 
existence of a high-affinity uptake for a given substance is 
often considered to favour its being a neurotransmitter. 

High-affinity uptake systems for neurotransmitter amino 
acids have been demonstrated by methods in which high 
tissue: medium ratios of radioactivity, simulating net uptake, 
might have been obtained by homoexchange®’. So far this 
possibility has been investigated, by ourselves, amongst 
others**"!?, by methods that could not give a satisfactory answer. 

We have now explored the possibility that GABA, at con- 
centrations used for studies on high-affinity uptake, can release 
GABA from the endogenous pool. 

It seems that exchange can largely account for what has 
previously been interpreted as uptake. Purified synaptosomes!® 
were incubated in the presence of a very low concentration 
of "H-GABA to label the endogenous pool, without 
7 altering i its. size significantly. Aliquots were then guper- 
with. regular medium, which was replaced after few 

ites by. identical medium containing varying concentra- 
tions. of GABA. The superfusion apparatus, which largely 
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Fig. 1 Stimulation of 7H~GABA release from synaptosomes b 
different concentrations of unlabelled GABA. Purified synap 
somes!® from adult rat cerebrum were resuspended in 0.32 
glucose, at a protein concentration of 5 mg mi~ . Aliquots w 
diluted 1:10 in Krebs-Ringer medium”; after 15 min equ 
bration at 37°C in a rotary waterbath, a small volume (1/1 
of the final volume) of a solution containing 50 uM 2, 3H- 
GABA (New England Nuclear Corporation, specific activity 
10 Ci mmol~') was added to the incubation flasks. After an 
additional 10 min, I ml aliquots of the suspension were. placed ee 
on Millipore filters (0.65 um pore) lying at the bottom of six 
parallel superfusion chambers’, the filters were washed, 3ml = 
of prewarmed, oxygenated, glucose-containing medium. Wee cenene 
added to each chamber, and the superfusion was started, abao c ooo o0 
rate of 0.47 ml min ~ (ref, 14). After 5.5 min, 20 mi of medium we 
containing varying concentrations of GABA were added to the = =o 
chambers (arrow) and superfusion was stopped at mine oe 
Fractions were collected every minute; the radioactivity of the 
effluent and that remaining on the filters was measured by liquid 
scintillation. All the solutions contained 0.1 mM amino- ` 
oxyacetic acid to prevent GABA metabolism. In these con 
ditions, over 90%, of the radioactivity was recovered : 
unchanged 3H-GABA. These and subsequent experime: 
without amino-oxyacetic acid gave qualitatively similar 
but a significant amount of *H-GABA metabolites was re 
The radioactivity recovered in the first three fractions was 
more erratic, and is not presented. The radioactivity. 
each fraction is given as a percentage of the total radi 
recovered (filter plus totdl fractions). Each curve is the 
of thre experiments. A, | mM GABA; *, 100 uM G 
$0 uM GABA; A, 10 e GABA; ©, 1 uM GABA; © 
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Fig. 2 Effect of sodium deprivation on the release of 7H-GABA 
from synaptosomes. Experimental conditions as described in 
the legend for Fig. I, except that the medium used for super- 
fusion contained 0.256 M sucrose instead of 0.128 M NaCl. 
The figure shows the radioactivity recovered in all the 15 
fractions collected. The addition of 0.5mM GABA to the 
=- Na*-free superfusion fluid had no appreciable effect on the 
release of 7H~GABA. Other concentrations of GABA that were 
tried (10, 100 and 1,000 uM) were also ineffective. Each curve 
is the average of two experiments. ©, Na*-free, 0.5 mM GABA; 
@, Na*-free; A, control. 


prevents reuptake, is described elsewhere. Superfusion 
with unlabelled GABA caused an immediate, dose-dependent 
increase in the efflux of 7H-GABA (Fig. 1). The release was 
about doubled by I uM GABA and was increased several 
fold by a concentration of 10 M; both concentrations are in 
the range of the high-affinity uptake system**. The radio- 
activity released reached a peak after a few minutes and then 
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decreased, because of dilution of the synaptosomal 3H-GABA 
by unlabelled GABA entering the tissue. The stimulation of 
“H-GABA release showed a substrate specificity similar to 
that described for uptake. Among the various compounds 
tested, only y-amino-B-hydroxybutyric acid was a strong 
stimulator of 7H-GABA release (Raiteri et al., unpublished). 
Homoexchange and heteroexchange of amino acids at milli- 
molar concentrations has already been shown in brain slices, 

On the basis of an endogenous GABA level of 19-4 nmol 
per mg synaptosomal protein (G. L., and M. R., unpublished) 
and assuming that the 9=H-GABA is homogeneously mixed 
with the endogenous pool, the rates of 9"H-GABA release 
can be calculated from the percentage of radioactivity released 
at the peak of the curves (taking the immediate prestimulation 
level of radioactivity as 100°). These rates are comparable with 
the initial rates of GABA high-affinity uptake obtained in a 
previous study®. In particular, the release rate at a saturating 
GABA concentration (1 mM) was similar to the apparent 
Vmax Of the high-affinity uptake system. In some experiments, 
in which *H~GABA release was stimulated by adding 1 or 
10 uM MC-GABA to the superfusion fluid, to measure the 
uptake of “C and the release of °H simultaneously, the calcu- 
lated *H-GABA efflux was similar to the influx of “C—~GABA. 
Even considering the approximation introduced by the calcu- 
lation, these data suggest that homoexchange accounts for at 
least a large part of the radioactive GABA entering synapto- 
somes by the so called high-affinity uptake system. In the 
concentration range of the low-affinity system, however, the 
influx of *H-~GABA (ref. 6) was greater than its calculated 
efflux, indicating that a net uptake of the amino acid took 
place. 

It is known that GABA uptake is sodium-dependent!? ~, 
We previously showed that the high-affinity uptake of GABA 
detectable in embryonic chick brain slices is more sodium- 
dependent than the low affinity uptake’. Sodium deprivation 
also seems to inhibit the high-affinity more than the low- 
affinity synaptosomal uptake of glutamate, aspartate, 
glycine’ and GABA (G. L., and M. R., unpublished). Figure 2 
shows a rapid depletion of synaptosomal GABA content upon 
superfusion with sodium-free medium. Over 50° of 3H-GABA 
present was released in 2-3 min and the addition of GABA 
(10--1,000 uM) to the superfusion fluid did not appreciably 
alter the release pattern. Extensive release and absence of any 
detectable homoexchange could well account for what looks 
like an almost complete inhibition of the high-affinity uptake 
of GABA. 

If glycine behaved like GABA, then the exchange of glycine 
at low concentrations should be detectable in synaptosomes 
from the spinal cord, medulla and pons (where a high-affinity 
uptake system for glycine was described*? and where this 
amino acid acts as a neurotransmitter**-*!), but not in synapto- 
somes from the cerebral cortex (where only a low-affinity 
uptake system for glycine was detected?) Figure 3 shows 
that synaptosomes from spinal cord and brain stem do indeed 
exhibit a dose-dependent increase in the release of *H—glycine 
upon superfusion with 10, 25 and 100 uM glycine. In contrast, 
cortical synaptosomes did not respond to the addition of 
glycine at concentrations of 10 and 25 uM, which are both in 
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Table 1 Changes in the levels of GABA and of radioactivity in media after incubation 


Original concentration (M) 0 
%4 Change in radioactivity 
Concentration expected (uM) 
Concentration found (uM) 


0.5 3 
1.340.3(6) 2. 150.3 (5) 3.5 4.0.3 (6) 


At ape tirent anaa aaan a nt 





i 5 10 
—49 (2) 


laos eae 


Synaptosomes from rat cerebrum, resuspended in 0.32 M glucose at a protein concentration of 4 mg ml ~> were diluted | : 10 in Krebs-Ringer 


medium and equilibrated at 37° C for 15 min in a rotary waterba 


h. Then, a small volume (1/100 of the final volume) of a solution of 7H-GABA 


was added, to give the final concentration reported in the first line. After 10 min incubation, the suspension was either filtered through 0.45 um 
Millipore filters or centrifuged for 10 min at 16,000g. The radioactivity was measured in the filté’s (or pellets) and in the filtered medium (or 
supernatant). The concentration of GABA present in the medium after incubation was measured by an assay to be described elsewhere. Some 
data obtained by this assay were checked by a double isot Re dansylderivative method, which gave essentially identical results. 

sis 


Means -+ s.d. are presented. The number of experiment 


> 


given in parentheses. 
ee 
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the range of the high affinity uptake system”, and responded 
only weakly to a concentration of 100 pM. 

In a set of typical uptake experiments run at low amino 
acid concentrations, we measured concentration and radio- 
activity of 3H-GABA in incubation media before and after 
incubation. In the presence of exchange, the decrease of con- 
centration observed after incubation should be less than that of 
radioactivity. Table 1 shows. that a large part of the radio- 
activity originally present in media containing 1, 5 or 10 pM 
3H-GABA was taken up by synaptosomes. Changes in con- 
centration of GABA showed a different pattern. With 1 or 
5uM GABA there was an actual gain in concentration, 
and with 10 uM GABA a barely detectable, not significant 


decrease in concentration was observed. If one takes into | 


account the 1.3 nmol ml~ of GABA appearing in the medium 
in the absence of added GABA, the net removal of GABA 
which seems to take place is much lower than that expected 
from radioactivity measurements. 

In conclusion, homoexchange seems to be a major mechanism 
by which radioactive GABA is transported into synaptosomes 
when low substrate con sntrations are used. A net uptake, 
which may or may not be of high affinity component, could 
be computed only after subtracting the large contribution of 
homoexchange; therefore the problem of the existence and 
function of the high-affinity net uptake of GABA and, possibly, 
of other neurotransmitter amino acids in synaptosomes should 
be re-evaluated. 





% total radioactivity per fraction 





Fraction number (! fraction = | min= 0.47 mi) 


Fig. 3 Effect of different concentrations of unlabelled glycine 
on the release of *H~glycine from synaptosomes. Experimental! 
conditions as described in the legend for Fig. 1, except that 
0.5 uM 2-“H-glycine (New England Nuclear Corporation, 
specific activity 11.1 Ci mmol~') was used to label the synap- 
tosomal glycine pool. a, Synaptosomes from spinal cord, 
medulla and ae b, Uh bie age from cerebral cortex. 


ecu several properties uc as arai and 
sodium-dependence) thought to be typical of GABA high- 
affinity uptake seem also characteristic of exchange. The utility 
of sodium-free media to characterise high-affinity uptake is 
questionable, because of the large loss of endogenous amino 
acid determined by this condition. 

In view of our findings, it is possible that the specific labelling 
of certain populations of nerve endings by a given amino 
acid, observed in various experimental conditions’™4, may 
occur through an exchange process. The data obtained with 
glycine seem to support this interpretation. 

It should be noted, finally, that if reuptake by presynaptic 
terminals were the main mechanism of inactivation of the 
liberated neurotransmitter, an uptake system with a Ka of 
the order of 10~° M (low affinity) might be as effective as one 
with a Km of about 10 M. The possible contribution of post- 
synaptic areas and of glial cells?™?? tẹ the reuptake process 
Should also be considered. 

We thank A. Coletti for assistance and U. Poce for the 
dansylderivative determinations. This work was partly, gup- 























ported by a grant from the Italian National Research Cou 
to M. R. ? 


GIULIO LEVI 
Laboratorio di Biologia Cellulare, 
CNR, Via Romagnosi 18/A, 
Roma Re 

MAURIZIO RAITERE 
Istituto di Farmacologia, -J 
Università Cattolica, Roma, Italy 


Received April 16; revised June 3, 1974. 


' Axelrod, J., Harvey Lect., 67, 175 (1973). es 
2 Iversen, L. L., in Biochemistry of simple neuronal models dii Y E 
Costa, E., and Giacobini, E.) 109 (Raven Press, New York, | Se 
1970), : 
3 Snyder, 8. H., Kuhar, M. J., Green, A. L, Coyle, J, T., and 
Shaskan, E. 'G., Int. Rev. neurobiol., 13, 127 (1970), pee 
+ Iversen, L. L., and Johnston, G. A. R., J. Neurochem., 18, . 
1939 (1971). n 
$ Bee G. A. R., and Iversen, L. L., J. Neurechem., 18, 1951 Bi 
B e — and Raiteri, M., Life Sci. (part I) 12, 81 1973). = 
? Snyder, S. H., Young, A. B., Bennett, J. P., and Mulder, A. H, 
Fedn. Proc., 32, 2039 (1973), 2 
8 Le Fevre, P. G., and McGinnis, G. F., J. gen. Physiol., 44,87 (1960) 
° Heinz, E., A. Rey. Physiol., 29, 21 (1967 ). i 
19 Iversen, L. L., and Neal, M. J. , J. Neurochem., 15, 1141 (196 on 
11 Aprison, M. H., and McBride, W. J., Life Sci. (Part D) 12, 4: 
(1973). i 
'2 Levi, G., Bertollini, A., Chen, J., and Raiteri, M., J. Pharmac: pé? 
Ther.. "188, 429 (1974). 
13 Gray, È. G., and Whittaker, V. P., J. Anat., 96, 79 (1962). 
‘S Raiteri, M., Angelini, F., and Levi, G., Eur. J. Pharmac., 
Ali ( 1974). x 
15 Levi, G., Blasberg, R., and Lajtha, A., Archs Biochem. Biophy 
144, 339 (1966). 
‘6 Crnic, D. M., Hammerstad, J. P., and Cutler, R. W. P., J. Neuro- 
chem., 20, 203 (1973). 
di Weinstein, H., Varon, S.. Muhleman, D., and Roberts; E; 
Biochem. Pharmac., 14, 273 (1965). T 
18 Martin, D. L., J. Neurochem., 21, 345 (1973). of 
18 Levi, G., Archs. Biochem. Biophys., 151, 8 (1972). Sai 
i Aprison, M. H., Davidoff, R. A., and Werman, R.. in Hand, 
of Neurochemistry (edit. by Lajtha, AJHI, 281 (Plenum Pi 


New York, 1970). ee 
in Handbook: of. Ne 





21 Curtis, D. R.. and Johnson G. A. R., 
chemistry (edit. by Lajtha, A.) IV, 115 (Plenum Press, 
York, 1970). 

22 Henn, F.; and Hamberger, A., Proc. natn. Acad. Sci. r us. 
68, 2686 (1971). 

an Schon, F., and Kelly, J. S, Brain Res., 66, 289 (1974), 

1 Iversen, L. L., and Bloom, F. E., Brain Res., 41, 131 (1972). a 

75 Braun, J. P., and Perham, R. N., Eur. J. Biochem., 39, 69 (1973) 

26 Levi, G. and Raiteri, M., Brain Res., 57, 165 (1973). e ; 


Stimulation of synaptosomal 
dopamine synthesis by veratridine 


ISOLATED synaptosomal preparations maintain many: of he 
functional properties of intact neurones! and the uptake of- 
putative biogenicamine neurotransmitters such as noradrenaline, a 
dopamine and serotonin, is well documented*~*. In addition, - 
stimulation of synaptosomal catecholamine release has bèeen 
demonstrated in response to deplolarising concentrations of 
potassium**® or veratridine’, an alkaloid able to produce 
depolarisation in intact neurones by increasing sodium. per- 
meability’*®. In intact adrenergic neurones stimulation of 
transmitter release is often accompanied by a concurrent : 
increase in the rate of transmitter synthesis, possibly through a 
reduction in feedback inhibition of tyrosine hydroxylase 3, 
The demonstration of a link between stimulated neurotran 
mitter release and stimulated synthesis in synaptosomes W 
be gin important indication of the validity of studies. of syn 
aptosomal processes in order to gain insight into the functioning. 
of intact neurones. We report here that striatal synaptosomes 
maintain the ability to respond to depolarising concentrations of 
veratrigine with a calcium-dependent tetrodotoxin-sensitive 
increase in dopamine synthesis. 
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Male Sprague-Dawley rats (200-250 g) were decapitated and 
the striatum was dissected out and placed in polyethylene tubes 
in ice. The P, fraction (containing synaptosomes, mitochondria 
and myelin) was prepared essentially as described by Gray and 
Whitaker". Most of the tyrosine hydroxylase activity in the P, 
fraction has been shown to be associated with the synaptosomal 
of this fraction after sucrose density gradient centrifugation™. 
The P, fraction was resuspended in a Tris-buffered incubation 
medium, with 15° -20° of the P, from one rat used for each 
incubation. Dopamine synthesis was measured by incubating 
the tissue with L-1—MC--tyrosine and monitoring the production 
of "CO, as previously described’. Essentially all newly formed 
dihydroxyphenylalanine is converted to dopamine under these 
conditions'®, Synthesis was proportional to tissue and time for 
at least 30 min. The uptake and efflux of L~3,5—*H-tyrosine 
was measured by separating the tissue from the medium on a 
Millipore filter, as previously described"*. 

To measure the effect of stimulated catecholamine release on 
the rate of dopamine formation, synthesis was measured 
during exposure to veratridine. Blaustein er a/.6 have demon- 
strated that synaptosomal catecholamine release is increased 
by exposure to veratridine. As Table 1 shows, veratridine 
produced a 50% increase in synthesis of dopamine. In intact 
neurones veratridine-induced depolarisation is prevented by 
treatment with tetradotoxin, which seems to block sodium 
entry’. Blaustein et a/.6 have shown that tetrodotoxin blocks 
the veratridine-induced increase in synaptosomal amine release. 
Similarly, Table 1 shows that the veratridine-induced increase in 
synthesis is prevented by earlier treatment with tetrodotoxin. 
Tetrodotoxin alone has no effect on dopamine synthesis. 

The uptake of labelled tyrosine was inhibited by veratridine— 
the percentage control uptake 2 and 5 min after exposure to 
veratridine was 67°% -+29 and 60°%-+2% respectively (N=<6). 
Veratridine also stimulated the efflux of labelled tyrosine after 
in vitro labelling. The amount of labelled tyrosine remaining in 
the tissue 2.5 and 5 min after exposure to veratridine was 70°, + 
3% and 65° -+-4% of controls, respectively (N=6). That both 
the decrease in uptake and increase in efflux of tyrosine seem 
to be equally affected by veratridine suggests that the specific 
activity of tyrosine in the tissue is not increased by veratridine; 
but since this preparation consists of synaptosomes from several 
different transmitter systems (as well as free mitochondria), 
measurements of labelled tyrosine uptake and efflux in the total 
preparation may not reflect alterations that might occur in 
tyrosine-specific activity in the dopaminergic synaptosomes. 

It has been shown repeatedly that for transmitter release to 
occur from nerve endings, the presence of extracellular calcium 
is necessary!*. This is also true for veratridine-induced synapto- 
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Table 1 Effect of tetrodotoxin on the veratridine-induced increase in 
dopamine synthesis 





Dopamine synthesis 
(nmol h~* g~t) 


Controls 9,54 --0.53 (12) 
Tetrodotoxin 9,50-0,57 (12) 
Veratridine 14.7 + 0.46 (12)* 
Tetrodotoxin 

-+ veratridine 10.5 -+0.43 (12) 


denen AATA iiA AANA ARAA. 


Aliquots of the striatal P, fraction were incubated for 5 minat 37°C 
either without further additions or in the presence of tetrodotoxin 
(2x107 M), followed either by the simultaneous addition of vera- 
tridine (7.5 x 107° M) plus L-I-“C-tyrosine (1 x10 M) or by the 
addition of tyrosine alone, and incubated for an additional 5 min. 
The apparent rate of synthesis was calculated by dividing the d.p.m. 
of product formed per hour per gram of original tissue by the specific 
activity of the tyrosine added to the medium. The normal incubasion 
medium had the following composition: NaCl, 125mM: KCI, 
5mM; CaCl, I mM; MgCl, I mM; glucose, 10mM: ascorbic 
> acid, i mM (made fresh daily); and Tris-HCI, 50mM pH 7.4. 
¿> Values represent the mean 4- s.e.m. The nember of observations is in 

parentheses, : ® 
= * P<0,001 controls, P < 0.001 tetrodotoxin plus veratridine (/ test). 
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Table 2 Calcium-dependence of the veratridine-induced increase in 


dopamine synthesis 





Dopamine synthesis 
(nmol L g?) 
-Caz -+ EGTA = Cå 


13.80.41 (18) 12.8 +0.72 (10) 
14.40.44 (18) 12.00.82 (10) 


Ca”, 


13.8 -0.22 (18) 


abam 


Controls 
Veratridine 





Aliquots of the striatal P, fraction were incubated for 5 min at 37° C 
either in control medium, Ca*+-free medium containing | mM 
EGTA, or simply Ca*+—free medium, followed by the simultaneous 
addition of veratridine (7.5 x 107° M) plus 1L-I-"C-tyrosine (Ix 
10 M) or by the addition of tyrosine alone, and incubated for 
an additional 5 min. Values represent the mean = s.e.m. The number 
of observations is in parentheses. 

* P <0.001 controls. 





somal amine release’. Table 2 shows that the increase in dopa- 
mine synthesis that usually occurs in response to veratridine 
was prevented when calcium is omitted, with or without the 
chelating agent ethyleneglycol—bis—[B—aminoethylether INN- 
tetracetic acid (EGTA). It is important to note that in order to 
demonstrate a consistent increase in synthesis, it was necessary 
to measure synthesis during the initial 5-min exposure to 
veratridine. For example, if the tissue was preincubated for 
10 min with veratridine and then labelled tyrosine was added 
and synthesis measured during the next 10 min, a significant 
increase was not observed. A similar time-dependency has been 
observed with the increase In synthesis produced by increased 
potassium!®, Whether or not this time-dependency of the 
increase in synthesis is related to a similar time-dependency of 
transmitter release has yet to be determined. 

These results demonstrate that tsolated synaptosomes can 
respond to depolarising concentrations of veratridine with a 
calcium-dependent increase in the rate of catecholamine 
synthesis. These findings show that the interact neurone is not 
necessary for the production of a stimulation-induced increase 
in neuro-transmftter synthesis, and are consistent with the 
suggestion that synaptosomes are capable of a depolarisation- 
induced transmitter release’. These observations may be relevant 
to studies of neurotransmitter synthesis not only in adrenergic, 
but also in serotonergic and cholinergic synaptosomes. 
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Suppression of fibrinolysin T activity 
fails to restore density-dependent 
growth inhibition to SV3T3 cells 


SMALL quantities of proteolytic enzymes added to cultures can 
cause untransformed fibroblastic cells to manifest transiently the 
altered growth potential *, enhanced lectin-mediated agglutin- 
ability? and enhanced glucose transport’ characteristic of 
fibroblast cultures transformed by oncogenic viruses. Thus, the 
enhanced proteolytic activity of cells transformed by both 
oncogenic DNA viruses** and RNA viruses’ may play an 
important role in the loss of density-dependent growth in- 
hibition exhibited by virus-transformed cells. In particular, 
Reich ez al. have shown that cells transformed by simian virus 
40 (SV40) or Rous or murine sarcoma virus produce increased 
_levels of a proteolytic activity (fibrinolysin T} which hydrolyses 
'251-fibrin®*. This fibrinolysin T activity is the result of the 
conversion of serum plasminogen to plasmin by a plasminogen 
activator {cell factor) t+}, In addition, using plasminogen- 
deficient serum prepared by affinity chromatography, Reich 
et al. have demonstrated plasminogen dependence of several 
phenotypic parameters associated with viral transformation’ ?. 
We have used €-aminocaproic acid (EACA), an inhibitor of 
plasminogen activation’? and fibrinolysin T activity*, and 
found that suppression of the fibrinolysin T activity of SV40- 
transformed 3T3 (SV3T3) cell cultures does not restore density- 
dependent growth inhibition to these cells. This suggests that 
the enhanced plasmin level in SV3T3 cell cultures is not 
responsible for loss of density-dependent growth inhibition in 
this cell line. 

We added medium containing 10 mg ml! (76.3 mM) 
EACA (Sigma) to Swiss SV3T3 cells after plating them on 
51-fibrin coated dishes*, and simultaneously determined the 
effects of EACA on cell growth and release of '™*1-fibrinopep- 
tides. The results (Fig. | and Table 1) show that fibrinolysin T 
activity was relatively low on the first and second days after 
plating the SV3T3 cells, but by the end of the third day in 
culture extensive hydrolysis of the !**I-fibrin was apparent. 
(Because the cell sheet peeled off the Petri dish at cell densities 
greater than 12 x 10° per dish, fibrinolysin T could not be 
assayed on untreated SV3T3 cells after day 4.) In contrast, 
fibrinolysin T activity in EAC A-treated cultures remained low 
and relatively constant for at least 7 d after plating. The 
inhibitory effect of EACA on fibrinolysin T activity was rever- 








Table 1 €-aminocaproie acid inhibition of the fibrinolytic activities 
of Swiss 3T3 and SV3T3 cells 
Days c.p.m, released into medium (°% of total) per 10" cells 
SV3T3 i 3F3 D 
Inhibi- Inhibi- 
= EACA + EACA tion ~EACA +EACA tion 
Í 0.40* 0.05* 88 0.60* 0.05* 9? 
2 0.35 0.06 83 2.65 0.05 98 
3 1.36 0.05 96 15,42 0 100 
4 2.83 0.05 98 13.92 0 100 
5 a 0.06 a 4.96 0 100 
6 — 0.08 = 0.29 Q 100 
(1.33) 

7 (2.96)t 0.10 97 — — — 


Per Pe TES EN TR eA TEE SU Sor TCE T NE NC NREL SR NTP 
* Activities (°4 of total) without correction for cell number. 
Total «= 1.17 x 10° ¢.p.m. per dish. 

t Activity of cells 24 h after removal of EACA from growth mequm. 
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Days in culture 


Fig. 1 Growth and fibrinolytic activity of Swiss SV3T3 cells” 
treated with €-aminocaproic acid. At time zero, 5 « 10° Swiss 
SV3T3 cells in 5 mi of Dulbecco’s medium + 10% foetal calf 
serum were seeded into 60-mm Falcon plastic Petri dishes coated 
with '*|-human fibrinogen (10 pg cm`?; total radioactivity 
1.17 10° c.p.m. per dish) which was converted to fibrin before 
plating cells according to Unkeless er al.®. Five hours later, the 
medium was removed and 5 mi of fresh Dulbecco’s medium 
+ 10° foetal calf serum with or without 10 mg ml? EACA was 
added ¢ (|). At 24-h intervals thereafter, the cell culture medium _ 
was removed, aliquots were assayed for released 1251 -fibrino- 
peptides as described’, and replaced with 5 mi fresh medium 
with or without EACA. The amount of released !°5I-fibrino-- 
peptides on appropriate control plates without cells and with or 
without EACA has been substracted. The activity detected 


average of Te a counts "ol BE Pae e A AA on 
separate plates. Cell growth was determined on #25] _-fibrin- 
containing plates which were seeded in parallel with those used 
for enzyme assays. In each case the medium was changed at 
24-h ee: Cell counts were determined on er elie eae 


Pree My Pe Te E o ae ye AN eS Tk T Pe ee ee PCat | A a ke 


aie the next 24 h. 





sible, since changing to medium without EACA on day 6 ce 
resulted in extensive release of '*I-fibrinopeptides during the 


next 24 h (Fig. 1). Most important, under conditions where 
fibrinolysin T activity had been suppressed 83-98 °% by EACA, 
Swiss SV3T3 cells continued to grow and eventually reached 
the same cell density as the untreated control culture. Thus, 
essentially complete suppression of the fibrinolysin T activity 
of SV3T3 cell cultures failed to restore density-dependent 
growth inhibition to these cells. 

As Fig. 2 shows, the fibrinolytic activity of untreated Swiss 
3T3 cells was also relatively low for the first 2 d after plating, 
increased sharply on days 3 and 4, and then decreased on days 
5 and 6. We have evidence from other experiments (unpublished 
data) that elaboration of cell factor depends on the growth state 
of the culture and is decreased when 3T3 cells become confluent. 
This may account for the diminution of fibrinolytic activity on 
days 5 and 6 (Fig. 2), although depletion of the !*I-fibrin 
substrate may also be responsible in part. EAC A (10 mg-mI~) 
treatment of 3T3 cultures leads to 92--100°%% inhibition of their 
fibrinolysin T activity (Table 1). In addition. EACA treatment 
caused 3T3 cells to cease increasing in cell number about 2 d 
earlieņ than untreated cells and at a lower final cell density 
(EACA-treated: 8.7 x 10° cells per dish; untreated: 1.5 x 10° 
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Days in culture 


Fig. 2 Growth and fibrinolytic activity of Swiss 3T3 cells 

treated with €-aminocaproic acid. Experimental details and 

symbols are as described for Fig. 1. Swiss 3T3 cells were seeded 
at 5» 10° cells per dish. 


-cells per dish). The inhibitory effects of EACA on the final 
-. cell density and fibrinolytic activity of 3T3 cells were also 
- partially reversed within 24 h after removal of EACA (Fig. 2). 

Treatment of 3T3 and SV3T3 cells with 10 mg mi~ EACA 
for 45-48 h inhibited incorporation (c.p.m. mg~! protein) of a 
mixture of radioactive amino acids into acid-precipitable 
material by 40% and 45° respectively. Similarly, incorporation 
of `H- uridine into acid-precipitable material was inhibited 
21% (SV3T3) and 15% (373), and incorporation of *H-thy- 
midine was depressed 10°, (SV3T3) and 40° (3T3). Since we 
have previously shown that treatment of these SV3T3 cells 
with low doses of cycloheximide depresses protein synthesis 
and leads to a dose-dependent growth inhibition’, the dec- 
reased growth rate of EACA-treated SV3T3 cells was probably 
a consequence of the inhibition of protein synthesis in EACA- 
treated cultures. Inhibition of protein synthesis by EACA may 
also have been responsible for reducing the final cell density 
of EACA-treated 3T3 cells (Fig. 2). 

Studies on the metabolism of HC-EACA (New England 
Nuclear Corp.) have demonstrated (1) that EACA is taken up 
into a trichloracetic acid (TCA)-extractable pool by both 
Swiss 3T3 and SV3T3 cells to approximately the same extent 
on a per cell basis and (2) that EACA is quite stable in cultures 
of both cell types since less than 0.2° of the input “C-EACA 
was broken down and reincorporated into TCA-insoluble 
cellular material during a 24 h incubation (R.O.R., B.Ash and 
P.H.B., unpublished data). The high anti-fibrinolytic activity 
and metabolic stability of EACA, coupled with its low cyto- 
toxicity, thus make it a useful agent with which to probe the 
involvement of fibrinolysin T activity in viral transformation. 

Our results demonstrate that extensive fibrinolysis takes place 
under normal growth conditions in cultures of both untrans- 
formed 3T3 and transformed SV3T3 cells. This is so, even 
though the cells were cultured in medium containing foetal calf 
serum, which contains relatively high levels of inhibitors of 
fibrinolytic activity’. Our assay for fibrinolytic activity differs 
from others, however, in that it measures cumulative proteo- 
lytic hits over a prolonged period. Prolonged incubation may 
be required to detect low levels of fibrinolytic activity since the 
'5].fibrin substrate is a complex, multi-stranded, cross-linked 
molecule and more than one proteolytic cleavage may be 
required to liberate '*1-fibrinopeptides into the medium. ẹ 

It is also interesting that the untransformed 3T3 cell Hne 
exhibited greater fibrinolytic activity per 10° cells during the 
growing phase than did its SV3T3 counterpart (Table 1). Thus, 
SV40 transformation of 3T3 cells did not appear to dad to 
increased levels of intrinsic fibrinolytic activity in SV3T3 cells. 
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Removal of EACA from SV3T3 cultures, however, resulted in 
considerably more fibrinolytic activity per 10° cells than was 
observed when EACA was removed from 3T3 cell cultures. 
Thus, there appeared to be a relative reduction of fibrinolytic 
activity in dense cultures of 3T3, but not SV3T3 cells. The nature 
of this density-dependent reduction of fibrinolytic activity is 
under investigation. 

At the concentration used in these experiments (0.076 M), 
EACA probably interferes with fibrinolytic activity in several 
ways. It can inhibit activation of plasminogen to plasmin by 
cell factor*!?, probably by binding to and altering the con- 
formation of plasminogen. EACA may also interact with fibrin 
and thus directly inhibit the hydrolysis of fibrin by plasmin’. 
Finally, EACA may reduce the amount of available cell factor 
through its inhibition of protein synthesis. Ambrus er al”, 
however, have reported circumstances under which EACA 
almost completely inhibited the fibrinolytic activity of plasmin 
while it failed to reduce the caseinolytic activity of similar 
plasmin preparations. Thus, in our experiments, although the 
fibrinolytic activity of the EACA-treated cultures was almost 
eliminated. residual plasmin activity for other substrates may 
have remained. We are investigating whether such residual 
plasmin activity exists and whether it plays a role in loss of 
density-dependent growth inhibition. 

Our results show that essentially complete suppression of 
fibrinolysin T activity failed to restore density-dependent 
growth inhibition to SV3T3 cells. In addition, we observed high 
levels of fibrinolytic activity in growing cultures of both 3T3 
and SV3T3 cells and only when confluent 3T3 cells were com- 
pared with growing SV3T3 cells did the SV3T3 cell cultures 
exhibit higher fibrinolytic activity per 10° cells than the 3T3 cell 
cultures. Thus, the enhanced fibrinolysin T activity of SV3T3 
cells is unlikely to be the cause, but may rather be a consequence 
of unrestrained cell growth. Our results are consistent with 
those of Ossowski ef a/.'*, who showed that while complete 
expression of several phenotypic properties of transformed cells 
(such as growth in agar, and morphology) required the presence 
of a serum plasminogen fraction, $V40-transformed hamster 
cells grew to high cell densities in plasminogen-depleted serum. 

Human fibrinogen was provided by the American Red Cross 
National Foundation Center with the partial support of a grant 
from the National Institutes of Health. This research was 
supported by a grant from the National Institutes of Health. 
LN.C. holds a postdoctoral fellowship from the National 
Cancer Institute and R.O.R. is a faculty research associate of 
the American Cancer Society. 
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Activation of guanyl cyclase and intracellular 
cyclic GMP by fibroblast growth factor 


THe induction of cell growth by animal serum in quiescent 
cultured fibroblasts is preceded by a sequence of regulated 
steps'. These steps include stimulation of cellular transport 
systems', protein synthesis!, ribosomal and tRNA synthesis? 
and eventually the induction of DNA synthesis followed by 
cell division®*. Two of the earliest changes observed after 
-growth induction by serum are a transient increase in intra- 
cellular cyclic GMP® (10-fold) and a decrease in cyclic AMP 
(two-to-threefold)?* 7. It has been suggested that cyclic GMP 
acts aS a positive intracellular signal for cell growth since 
intracellular cyclic GMP concentrations showed an early 
transient increase upon growth induction by phytohaemag- 
glutinin whereas no changes were observed in cyclic AMP 
concentrations’, and additions of high, non-physio- 
logical (10€ to 10-4 M9 concentrations of cyclic GMP can 
induce substantial increases in DNA synthesis in resting 
fibroblasts®. Recently a new polypeptide hormone, fibroblast 
growth factor (FGF), was isolated from bovine pituitary 
glands”. FGF in combination with the glucocorticoid, hydro- 
cortisone, and a nonspecific carrier protein, bovine serum 
albumin (BSA), can completely replace exogenously added 
-serum in bringing about all the steps leading to the initiation 
of DNA synthesis and cell division in some lines of BALB/c 
3T3 cells. Hydrocortisone, as it fails to initiate DNA syn- 
thesis alone in the absence of serum" is considered to potentiate 
the action of FGF’ (permissive effect). 

Here we show that physiological concentrations of FGF 
with hydrocortisone cause the same transient increase in 
intracellular cyclic GMP concentrations of quiescent cultures 
as those caused by serum. Little or no alteration, however, is 
observed in cyclic AMP concentrations. Furthermore FGF 
specifically activates the membrane-bound guanyl cyclase, but 
not the adenyl cyclase system. We suggest that growth- 
initiating polypeptide hormones interact with a guanyl cyclase 
system bound to the plasma membrane, in a way similar to 
that of the well known interaction between polypeptide hor- 
mones and the adeny! cyclase system". 

When FGF was added to resting BALB/c 3T3 cells maintained 
in; the presence of serum* the concentrations of cyclic GMP 
rose after 10 to 20 min by a factor of 10- to 15-fold over the 
value in unstimulated cultures. Thereafter the concentration 
rapidly declined reaching approximately twice the value in 
resting cultures within | h (Fig. la). Cyclic AMP concentrations 
showed a reduction of only 20°4, much less than the two- to 
threefold decrease observed after addition of serum®. The 
concentrations of cyclic GMP approached those of cyclic 
AMP for a short time—a result similar to that obtained by 
adding serum to these cultures® and by adding phytohaemag- 
glutinin to human peripheral blood lymphocytes*. It was not 
_ possible to maintain non-degeneratifig cultures of BALB/c 
= 373 cells with only BSA in the absence of serum, but addition 
of low concentrations (0.1 ng mi~) of FGF could prevent 
deterioration of the cultures for at least 7 d (ref. 5). Addition of 
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Fig. 1 Kinetics of cyclic nucleotide changes. BALB/c 3T3a 
cells! were grown as previously described®, For a, (FGF) cultures 
were allowed to become quiescent at a final cell density of 1.2. 
x 108 per plate before addition of 50 ngml! FGF. Ford, (insulin 
BALB/c: 3T3b cells?, 6-d cell monolayers, washed with DEM 
were incubated for 16 h in Dalbecco’s modified Eagle’s Mediur 
containing 250 pg ml! BSA and 0.5 pg mi hydrocortisone (finat 
cell density as a before addition of 5 pg ml insulin (bovine — 
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of the cell nuclei became labelled with radioactivity. ; 
FGF was purified from bovine pituitary glands as previously 
described*, The possibility that FGF was acting on the cells to 
potentiate the action of trace amounts of other growth factors 
aosorbed to BSA was excluded by obtaining the same results ne 
as in Fig. 2 after replacing BSA by gelatin and completely... 
synthetic polypeptides. It was also unlikely that minor growth- 
promoting impurities in the insulin preparations’ were re- 
sponsible since similar results were obtainrd from commercial] 
preparations of insulin which were further purified by column. 
chromatography. 


increasing concentrations of FGF in the presence of hydro- 
cortisone caused concomitant increases in both the cyclic 
GMP concentrations measured at 20 min and the, ev 
induction of DNA synthesis (Fig. 2) and cell div. 
shown). Virtually no changes were observed in © 
and the small changes observed in Fig. 1 may be d 
compenents in serum. Resting cultures were maintained with 
hydrocortisone long enough for the glucocorticoid to exert 


















ermissive. effect!*.. 

ur-fold. drop in both DNA synthesis and cyclic GMP 

oncentration and hydrocortisone alone did not induce early 
changes in cyclic nucleotide concentrations (Fig. 2). 

_ High, non-physiological concentrations of insulin (107? M 

to 10~* M) can also increase DNA synthesis and cell multi- 

plication after addition to quiescent fibroblasts. At these 

high concentrations (10Q to 1,000 x physiological) both the 

-early transient increase in intracellular cyclic GMP and the 

- depression in cyclic AMP were observed in cultures resting in 

the presence of serum (not shown), or in medium free of 

exogenously added serum with hydrocortisone (Fig. 1b). 

Maximal increases in DNA synthesis and in cyclic GMP 

concentrations were only approximately 35° to 40% of those 

-= observed for FGF in Fig. 2. The concentration dependence for 

~ the increases in cyclic GMP concentrations and for the stimu- 

-dation of DNA synthesis were roughly parallel (maximal from 

-107 M to 10 M: not shown), perhaps suggesting a corre- 

lation. Conversely, the initial depressions in cyclic AMP 

-occurred at much lower insulin concentrations, in the normal 

physiological range (107 M to 10 M; not shown). Without 

hydrocortisone the changes in cyclic nucleotides and the 

ntual stimulation of DNA synthesis were reduced two- to 

reefold. 
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Fig. 2 Variations of cyclic GMP with FGF concentrations. Cell 
cultures were grown as in Fig. | except that 6 d after plating (con- 
fluent cultures) cell monolayers, washed with DEM containing 
0.12 ng mi FGF and 250 ug ml” BSA, were then incubated for 
2 d in this medium. Then 0.5 pg ml cortisol (hydrocortisone, 
Calbiochem) was either added (circles, triangles) or omitted 
(squares, lozenges). After 10 h (final cell density 1.1 x 10° per 
plate) varying amounts of FGF were added. a, Ten Petri dish 
cultures for each concentration were isolated 20 min later for cyclic 
nucleotide determinations (Fig. 1). Results are expressed in 
pmoles of cyclic AMP (open circles, squares) or cyclic GMP 
(black circles, squares) per 10° cells. 6, Parallel cultures were also 
radioactively labelled with 3 pCi ml #H-methyl-thymidine at 
3 uM (for DNA synthesis) or 1 uM (for autoradiography) fron 
8 to 26h after additions. The c.p.m. of 3H-thymidine incorporated 
into DNA per culture (black triangles, lozenges) or the percentage 
of radioactively labelled cell nuclei (open triangles, lozenges) 
was recorded as before*. Control additions of cortisol alone 
showed no changes in the intracellular cyclic nucleotide c@ncen- 
trations after 20 min or detectable increases in DNA synthesis. 
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Hitherto guanyl cyclase in a variety of tissues was thought 
to occur primarily in the membrane-free cytoplasm of the cell 
15-16 unlike the adenyl cyclase which is attached to the plasma 
membrane!?, Recently, however, a large increase in guanyl 
cyclase activity was obtained after treatment of particulate 
(membrane-containing) cell fractions with non-ionic detergents!’. 
This finding was confirmed for 3T3 fibroblasts by the results 
in Table 1, where a ten-fold stimulation of guanyl cyclase 
activity in the particulate (microsomal) cell fraction was 
observed after Triton treatment, little or no increase being seen 
in the membrane-free cytoplasmic activity. The guany! cyclase 
in the particulate fraction was also stimulated nearly three-fold 
by additions of FGF. No activation of the soluble cytoplasmic 
activity was observed, and the greatly enhanced activity in the 
particulate fraction after Triton treatment could not be 
increased by subsequent addition of FGF. Isolation of the 
plasma membrane fraction also confirmed these results: FGF 
stimulated the guanyl cyclase activity approximately sixfold 
whereas insulin had little or no effect (Fig. 3a). 

The production of cyclic GMP during this reaction was 
measured by a radioimmune assay'*. Even larger stimulations 
(eight- to tenfold) were achieved when radioactive cyclic GMP 
was isolated by chromatographic procedures from reaction 
mixtures containing 2 Pa- GTP, at higher GTP concentrations 
(0.001 M) (not shown). FGF, unlike insulin’®-*° failed however 
to reduce the adenyl cyclase activity of the plasma membrane 
(Fig. 36). All incubation mixtures contained 3’ — 5’ nucleotide 
phosphodiesterase inhibitors (theophylline and caffeine) to 
minimise phosphodiesterase cleavage of the newly synthesised 
cyclic nucleotides, as production of small quantities of one 
cyclic nucleotide could possibly affect rates of breakdown of the 
other”, 

In a system uncoupled from other intracellular events FGF 
directly stimulates the guanyi but not the adenyl cyclase of 
plasma membrane; presumably through a similar mechanism 
to that of the known hormonal stimulation of the adenyl 
cyclase system??, This is manifested in intact cells maintained in 
culture without added serum by a rapid, transient increase in 
intracellular cyclic GMP shortly after addition of FGF, little 
or no early changes being observed in cyclic AMP. Physiological 





Table 1 
Cyclic GMP synthesised (pmol/min/mg extract) 


Subcellular distribution of guany! cyclase 
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Cell fraction 


Control ~FGF +Triton +FGF -+-Triton 
Supernatant 23 20 2I 31 
Microsomal 9.4 27 97 108 





BALB/c 3T3a cells were grown in 10% serum as described (Fig. 
la). Cell monolayers were washed with Tris-buffered saline detached 
and centrifuged. This and subsequent operations were at 4° C. Cells, 
resuspended at 10° to 15% v/v in Buffer A (0.005 M Tris-HCI 
(pH 7.4), 0.0002 M MgSO, 0.25 M sucrose) plus 0.00025 M dithio- 
threitol (DDT) were homogenised by douncing. The homogenate was 
made 0.001 M in EDTA Na, and centrifuged at 2,000g for 5 min. Then 
the supernatant was made 0.005 M in MgCl, and centrifuged at 
150,000g for 2 h. The microsomal pellet was resuspended in Buffer A 
+- 0.00025 M DTT and stored with the microsomal-free supernatant 
at 4° C .Reaction mixtures (0.5 ml) contained 0.04 M HEPES (pH 7.6) 
(N-hydroxyethylpiperazine-N?-2-ethane sulphonic acid), 0.009 M 
MgCl, 0.0001 M GTP, 0.0008 M EDTANa,, 0.0005 M DTT, 
0.12 M sucrose, 0.01 M theophylline, 0.02M caffeine 200 ug of 
supernatant protein or 110 pg of microsomal protein and where 
indicated 100 ng of FGF and 1°% Triton X100. Reactions were incu- 
bated at 37° C for 15 min, terminated by boiling for 3 min, followed by 
centrifugation ət 1,000¢ ior 10 min, and the extracts stored frozen. 
Duplicate 20 ul samples were assayed for cyclic nucleotides by the 
radioimmune assay (Fig. l), and results are expressed as pmol 
cyclic GMP synthesised per min per mg protein. Blank values at zero 
time (5.3 and 2.7 pmol for supernatant and microsomal fractions) 
were deducted. The blank cyclic GMP values may be in part due to 
non-enzymic synthesis of cyclic GMP from GTP during the boiling 
step which nevertheless woual be less than 2 pmol per reaction mix- 
ture, whereas non-enzymic synthesis at 37° C would be negligible”. 
In control reactions the cyclic GMP synthesised was fully digested 
with 3%- 5’ cyclic nucle8tide phosphoaiesterase, synthetic reactions 
were linear with time up to 30 min, and there was no interference of 
FGF or Triton at concentrations used in the radioimmune assay. 


& (Continued on p. 773) 
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Architectural Review 


Stirling campus @ Fishlock: Science journalism @ 1874 transit of Venus 


Goldsmith: Popularising science @ Science in Northern Ireland 


Hall: Social responsibility e Murder solution by fluorescence 


Cotgrove: Objections to science @ Art preservation @ Bullard: Rutherford’s Cavendish 


Ir has been possible in recent years to look at the British 
Association for the Advancement of Science from a slightly 
lofty viewpoint and wonder whether it is worth preserving. 
The annual meeting, the only occasion on which the asso- 
ciation has surfaced, has also become a fairly regular occa- 
sion for pointed editorialising about an organisation that 
had outgrown its usefulness. No longer is this a reasonable 
line to take, and for that great credit above all to Magnus 
Pyke whose unique qualities have done much to breathe 
life into the body. If we talk here about the way ahead it is 
not without feeling admiration for the achievements of the 
recent past. 

What, if anything, do scientists, those interested in 
science, and indeed those confronted with science need from 
a national organisation with a wide potential membership? 
Clearly not another forum for technical discussion: there 
are enough of these as it is, and why would a scientist take 
his latest results to Stirling when he could ride them to 
Stockholm, San Francisco or Sydney. Nor is it obvious that 
mere presentation and explanation of science to an enthusi- 
astic audience will be other than an activity of moderate 
interest to scientists, particularly as the quality of science 
presentation by other media is often high. 

There remains, however, a field which is as yet almost 
unexplored—the study of science itsel In this supplement 
we have tried to draw attention to some facets of science to 
which any scientist could contribute and from which he 
could draw some intellectual satisfaction. The history, sogig- 


logy, philosophy and way of going about science; the 
borderlands where science meets other disciplines; the 
morality of science; the way that science is presented to 
the public—there is much fertile ground here for regular 
discussion. To which we could add the deployment of 
scientists, science in defence, science in the Third World, 
education for scientists, government policy for science, 
nationalism in science. These are all subjects that scientists 
should have special knowledge of without needing to 
integrate a differential equation or operate a microscope. 
They emphasise common experiences, and may be the way 
towards bridging the gulf, both personal and professional, 
between teachers, academics, and scientists in government 
and industry. Here is also scope for the amateurs of science 
to make significant contributions to the world of learning. 
The British Association is the ideal vehicle for all this, 
with its potentially very broadly based membership and its 
lack of political colour. It can point already to the increase 
in throughout-the-year activities both of its younger mem- 
bers and of its ad hoc committees. What is needed now is 
more nation-wide activity amongst its general membership 
und a vigorous campaign to persuade scientists that the 
study of science itself makes them a better practitioner. 
Cells of mutual instruction and discussion, rather like the 
Mechanics Institutes of the nineteenth century, could do 
the scientific community, in its broadest sense, much good 
and aregwell worth the serious attention of the association 
in the coming years. O 








Tom Willoughby 


Flat 3, 16 North Side, Clapham Common, London SW4, UK 





In this article an architect examines how the university 
campus at Stirling was planned. He also describes a 
computer study of the ‘site carried out at the University 
of Strathclyde as part of a project on computer-aided 
design of large building complexes. 
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© THoseE lucky enough to go to the British Association con- 

_ ference at Stirling this September will find one of the 
most beautiful campuses in Britain, sited near the citadel 
of Stirling Castle, the anvil on which much of Scottish 
history was hammered out. For Stirling is a town over 
which England and Scots battled for centuries, and where, 
<in the absence of the English, the Scots fought amongst 
themselves. The almost unscaleable crag on which Stirling 
Castle stands is the gateway and key to the Highlands. 
Stirling had the lowest dry crossing of the Forth at the 
‘auld Brig’ and with the resulting trade and patronage of 
_ the Scots royal house, the town grew to a prosperous centre. 
The Romans under Agricola occupied the rock as a 
natural defence in 82 ap, legend has it that King Arthur 
fought the Saxons over the castle, and from 1194, in the 
reign of King Alexander I, the town became the ‘favourite 
resort for the royal house’. The victorious Edward I of 
England pushed into Stirling in 1296, routing the locals, 
but Wallace replied by defeating the invaders. The English 
were down but not out and Edward returned: after a 
furious siege, they retook the castle. By 1313 the indomit- 
able Scotsman Bruce had the castle under siege, and the 
following year Edward II marched to its relief but was 
blocked fair and square at Bannockburn where Bruce 
won a much hailed victory. Bruce then dismantled the 
castle to prevent its misuses by the dreadful English but 
Edward IIT was soon back and so the battles continued. 
The Scottish kings from Richard II to James VI resided 
with the court at Stirling. The uncertain form of the 
Scottish state, with its bloody tribal or clan wars, litters 
the royal history with assassinations, torture, plots and 
counter plots but, by the time of James VI, the framework 
of laws and Parliament were established, although the 
Western Isles chiefs were never cowed in the same way 
as the English Barony. The battle of Sheriffmuir in 1715 
saw the highlanders and lowlanders fighting it out. In 1745 
the castle was strongly held for the protestant crown, but 
catholic Prince Charles took the town in triumph. The 
town Stirling reflects the royal patronage with the castle 
and the magnificent store of buildings such as the ‘Argyll 
Ludging’ one of the finest examples of Scottish renaissance 
extant, built in 1630 by the Earl of Stirling. 












New university 
Returning to the present day, the 1950s and early 1960s 
saw the change of government policy towards an expansion 
of higher education, culminating in the long awaited Rob- 
bins report which recommended six new universities of 
which at least one, if not two, should be located in Scot- 
land. The new university was to be the first for 300 years 
-. on Scottish soil, which, interestingly, boasts four ancient 
universities whereas England has onl} two. 
The burgh of Stirling decided in October 1960 to ùo all 
in its power to attract the new university. Its competitors 
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Stirling University, host to the British Association 
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were six other Scottish towns—Ayr, Cumbernauld, Dum- 
fries, Falkirk, Inverness and Perth—which simultaneously 
entered the fray to attract the project. 

The University Grants Committee (UGC) felt that it 
wished to found universities in medium sized towns, where 
people welcomed a new university, where land was cheaply 
available and the existing town offered prospects for the 
development of town-grown facilities. An investment in 
terms of capital, expanded job opportunities and cultural 
pump priming, provided by a university, would act as a 
regenerative force, possibly attracting specialised light in- 
dustry into the bargain. 

The lobbying was enthusiastic if not downright aggressive, 
Inverness arguing the benefits to the Highland economy, 
Stirling and Falkirk their nearness to the main centres 
of industry and population. Cumbernauld was felt to be 
too new, Perth to be near the university towns of Dundee 
and St Andrews, Dumfries and Ayr to be too isolated. 
The argument was really between Inverness, Falkirk and 
Stirling, with leanings towards the latter two. 

The Falkirk-Grangemouth area is one of the most rapidly 
expanding in Europe, even more so with the advent of 
North Sea Oil. Falkirk could accommodate a university 
with both technical and humanities faculties and the town 
was large enough to offer a choice of ‘digs’ or rented flats. 
But middle class nonindustrial Stirling offered a magnificent 
site. 

When looking at university planning in the stringent 
financial climate of 1974, one should not forget those 
heady days of the 1960s when governments jealously viewed 
each other’s ‘graduate count’ as an international virility 
symbol. The euphoric days saw the UGC dispensing rapidly 
expanding resources and the choice of Stirling related to 
the general pattern of UGC policy. In Britain, as in many 
other parts of the world, university planning is as dominated 
by the Oxbridge ethos as vicars are by Gothic. Universities 
are in stone towns, in ‘nice places; thus historic York. 
although surrounded by existing universities, gets a new 
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Fig. 1 Present site plan for a campus for 3,000 students, 
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Fig. 2 a, The site in 1971; b, the site in 1974; c, possible site plan for 6,000 students.. 


university, whereas industrial Teesside just to the north, 
an industrial conurbation three times the size, does not. 
Almost incredibly, prosperous Bath, a mere 12 miles from 
the existing and famous University of Bristol, gets a new 
university: the town, although stone, pretty and small like 
Stirling, being almost incapable of supporting facilities that 
allow the word ‘universities’ to have much meaning. In their 
more lunatic moments, people were even suggesting Stam- 
ford, a town of 10,000 but oh! such a pretty place. The 
ivory tower concept dominated the pattern of thinking 
and in this way Stirling was selected while Scotland’s 
fastest growing population centre was passed by. 
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Fig. 3 An area of the site around the lake. 


The decision in favour of Stirling, when announced, was 
rightly made final, but of course there were howls of 
anguish from Inverness, In Falkirk where the committee 
chairman, Andrew Duncan, had made getting the uni- 
versity his life’s work, bewildered and bitter comments 
about ‘the snob town’ of Stirling were heard. 

Stirling is on the new A80 from Glasgow and the M9 
for Falkirk and Edinburgh, and this and the sheer magnifi- 
cence of the site were major factors in its selection. The 
site of over 300 acres on the Airthrey Estate lies between 
the west slopes of the Ochills and the wooded area of 
Abbey Craig on which stands the splendid Wallace mem- 
orlal, a flamboyant victorian bombastitude from which the 
view is well worth the climb. The site had an existing 
maternity hospital in the old casti® and of courte this 
had to be closed, the town council thus neatly securing 
a new university and guaranteeing the building of a new 
£1 million maternity hospital. e@ 
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The first vice-chancellor, Tom Cottrell, was appoint 
in 1965 and set out the main objectives: there were to- 
three main areas of study, arts or humanities, basic sci- 
ences and social sciences. From the start it was intended 
that there would be minimal boundaries between these, thu: 
continuing the valuable traditional assets of a general edu 
cation given within the Scottish schools system. In 1967 
1968 and 1969 the university was to take 130 to 200 st 
dents, in 1971 a further 603. In 1972 the intake was 640 
the intention being to have a steady 3,000-5,000 studer 
by 1975. Although there is room on the university site 
further expansion, the present budget will not allow 
for the time being. BO 


Buildings 


The design and building programme was the respons 
of the architects Robert Matthews, Johnson Marshall 
Partners. In 1966, the development plan was published 
and has, in its essentials, been followed. a 
The first building, ‘Pathfoot’, was rapidly erected anc 
positioned so as not to inhibit future development; it served: 
to get the academic programme off the ground. Temporary. 
buildings were wisely avoided as they have to be upgrad 
or demolished later, or more likely are still in heavy use. 
years on. Pathfoot, a simple set of parallel blocks followi 
the contours of the site and linked by crossing corridors 
down the slope, is one of the least obtrusive and mos 
successful buildings; it has won several design awards 
(Fig. 1). OE 
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Fig. 4 Each cell has a value showing ease of building. 
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The architects took the artificial lake at the centre of 
the site as the natural focus. The main non-residential 
buildings to the south are the teaching, research, library 
and private study buildings, The object, as can be seen on 
development plans, is to extend southwards as student 
numbers grow. The level areas of the site are reserved for 
playing fields. The general proposed expansion can be seen 
in Fig. 2a, b and c. At the centre of the campus the 

, F . 

MacRobert Centre has been built to provide an arts cen- 
tre for-both town and gown. The southernmost of the 
nonresidential buildings is the teaching block which is 
designed as a continuous form along the contours, expand- 
ing eastwards and southwards. A student may be involved 
in up to five departments within the broad based course 
Structure and the housing of all teaching under the 
same roof makes mobility simple. 

Although priority has always been given to the academic 
building programme, several coffee bars and club rooms 
have now been added or are under construction. The 
residences are built to the north of the lake and provide 
accommodation for two-thirds of the students. The UGC 
does not offer finance for residences and it is quite an 
achievement for the university to have raised the money 
by apeal and borrowing to build these blocks. The budget 
for the architect has obviously been very tight but the 
Spartan interior has merit and is quite adequate. The rooms 
are arranged in flats or in halls of residence, the flats 
being generally the more popular though the halls give 
more seclusion for those wishing to work. 


Computer study 


The plan for Stirling University by Robert Matthews has 
made a great deal of the site. The consistency of the 
external cladding materials (some students say monotony) 
does not detract from the natural beauty of the setting, As 
a result of interest in university planning, a computer-aided 
study of the best development strategy for Stirling University 
was carried out at the University of Strathclyde. It was 
Suggested that both the residential and teaching blocks 
should be south of the lake initially and the northern areas 
developed later. In addition, it was contended that with 
a compact development the site could accommodate a 
university of 12,000 students with all necessary facilities 
excepting some sports fields. The study attempted to 
develop a computer-aided design tool to assist in the laying 
out of large complexes of buildings. For illustrative pur- 
poses an area of the site was taken around the lake (Fig. 3). 

To develop a layout plan or zoning for functions on this 














Fig. 5 The zones for a student population of 3,000. 
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The University of Stirling. With the lake as a centrepiece 
the site is an unusual one for a University. 


site the strength of the relationships betwetn different func- 
tions of the university was expressed on a scale from 1 to 10, 
a relationship of 10 being the essential need for immediate 
contact. Thus each department of the community, such 
as administration, arts, chemistry, was assigned a number 
describing how strongly it was connected with each of the 
others. 

In addition, to allow for the difficulties of building on the 
site, a grid was drawn on the plan (Fig. 4) and in each 
square a number was assigned which reflected how ‘build- 
able’ that part of the site was. Plainly the lake has zeros 
whereas the areas to the south with gentle slopes and good 
foundation conditions are easily and cheaply built on and 
score highly. 

In this way a numerical picture of what the site was 
like and how the university functions were interrelated 
could be presented to the computer. In principle, the func- 
tion, faculty or department needing to have access to all 
others is placed on the site by choice of the designer 
and the others are located after this by a simple computer 
algorithm, to minimise the dislocation expressed in the need 
for proximity on the | to 10 scale. Rather than an actual 
building layout, the result is a series of zones on the plan 
indicating in which area a new building should be located 
from the point of view of easy communication and planning 
efficiency (Fig. 5). Various experimental computer routines 
were developed for three-dimensional zones and graphic 
outputs. The study, although simple, does provide another 
point of view and certainly the suggestion of a compact 
development, leaving larger areas of the site unspoilt, would 
have produced a completely different character on campus: 
whether it would have been better is a matter for argument, 


Relationships 


The University of Stirling, like any other new institution 
ina town, needs time to get to Know its environment and to 
win over the town people. Its position on an isolated cam- 
pus, without any substantial residence in the town, does 
not help. Certainly the MacRobert Theatre has been used by 
local dramatic societies and visiting theatre Companies to 
the benefit of Stirling and the whole region but, as yet, 
there seems little use by the town of the university sports 
facilities: recently the university refused to go part way 
with the town on financing a joint swimming pool, preferring 
to build a small one of its own while the town built another. 

It was hoped that the new employment brought by the 
university would encourage industry but this has not, as 
ye® occurred. Of course the university now employs over 
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1,000 people, which is in itself a boon; yet conversely, 
while more clerical and other jobs have been created 
so the number of people coming to Stirling expecting to 
a find such work has increased and the availability of jobs 
for the local people does not seem to have markedly 
improved. Perhaps the most difficult point with a separate 
campus is the provision of all facilities on the spot— 
bookshops, banks and supermarkets. This is a great pity, 
for surely a university bookshop located in the town would 
provide an invaluable specialist service a small population 
cannot support. Perhaps if residences can be built in 
town in future these things may come about. A good 
example of how a university can generate new shops can 
be seen in the streets around the University of Glasgow. 

The University of Stirling and the town should start 
thinking now about the effect of future growth of the cam- 
pus; after all, a student population of 6,000 would give 
the campus a saya population of about 1,000, which 
in a town of 28,000 will have a significant impact. The 
road programme and problems of general access may well 
have to be reassessed, as well as a monumental parking 
problem. 





What makes a good science writer? 


David Fishlock 


Financial Times, Bracken House, Cannon St, London EC4P 4BY, UK. 


David Fishlock is Science Editor of the Financial Times. 





SoME years ago a friend of mine mentioned to another 
research scientist that he intended to become a science 
writer. His colleague commented drily that it meant he 
would need to know ten times as much as he ever wrote on 
any aspect of science. That advice sometimes comes to 
mind when I am writing against a daily newspaper dead- 
line in the late afternoon or early evening, aware that I am 
stretching my own knowledge of the subject to the limit, 
with no time to seek further advice. More often, however, 
I recall it when I am reading reports of other science writers 
who, whether for lack of knowledge or because their own 
prejudices have insulated them from the other side of the 
story, reveal all too plainly that their writing has out- 
distanced their knowledge. 


Accuracy and indignation 


The professional scientist’s constant complaint against 
science writers is that they get it wrong; that they imbue 
with all the authority of Science some observation, opinion 
or conclusion which at best is open to argument and at 
worst is factually incorrect or misleading. It is a grievance 
I hear in many laboratories I visit, as well as in Whitehall 
and corporate headquarters. It is one of which I was made 
very firmly aware soon after I joined the Financial Times 
in 1967. A scientist who has since risen to become one of 
the government corps of scientific advisors told me bluntly 
that he didn’t waste time reading newspaper reporting of 
science. e 
More recently the indifference this physicist then showed 
has changed into a genuine concern at the top of the pro- 
fession for the damage that misunderstandings, inaccurate 
reporting and biassed comment can®*do when published by 
newspapers under the authoritative sounding by-line “Our 
“Science Correspondent”. Examples range from an inter- 
“ruption, on wholly spurious grounds, to efforts to clea up 
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The university authorities, students and architec $ 
done well to achieve a rapid build-up to the present- 
complete campus. This has been done despite prö 
both logistic and academic. The courses offered are alr 
diverse and include MSc and PhD courses in the pionee 
aquatic pathology department, a unique educational de 
that combines supervised experience with academic 
allowing students to teach immediately on qualifying, a 
an Institute of Finance and Investment which offers. one 
year courses. ee 

Stirling University, famous for its student outbursts in 
the past, now gives the impression of consciously trying to _ 
achieve a real community spirit while determined to des _ 
velop a town-gown understanding. There is undoubtedly _ 
an underlying pride and mutual confidence developing. s 
tween the town of Stirling and its university. E 


! Willoughby, T., Paterson, W., and Drummond, G., Archite 
Journal (March 25, 1970). 

? Matthews, R., University of Stirling Development Plan. 1 
(Johnson- -Marshall and Partners, 1960). | 

3 Architects’ Journal (June 20, 1973). 

* University of Stirling Prospectus 1975-76. 


the oil leaking from the Torrey Canyon, to fears. unt A 
sarily aroused by hypothetical representations i 
‘hazards’ of pesticides, herbicides, drugs, oleis nu 
reactors and nuclear by-products, supersonic airliners. 
many other products of applied science. Reports 
readers might reasonably expect to be written from a sta 
point of some knowledge and expertise are all-too-ofte 
characterised largely by indignation and prejudice. : 
Indignation has tended to be the keynote of far. too 
much science writing in the past few years. When, in the 
second half of the 1960s, it dawned on the public that 
science and technology did not have pat solutions to man "$ 
social ills and if exploited too greedily might even ex- 
acerbate them, many science writers joined enthusiastically 
in the assault on scientists’ motives. They competed for 
space in some journals to the point where it was hard. to 
distinguish their writing from that of a new breed. of 
specialists which emerged at that time, called Environment. 
Correspondents, created by many newspapers to provide : 
‘gloom and doom’ stories forecasting the imminence ooo 
mankind’s destruction. For editors it was a fresh angle on 
the insatiable public thirst for bad news. ee 
Also deeply infected by indignation at this time was ‘the - 
weekly journal New Scientist. Soon after it started in 1956 
its founder-editor Percy Cudlipp, who had been one of the 
most eminent of Fleet Street editors, wrote that his journal o 
was to be a ae 
“link between science and industry. It would reper 
technological innovations and promising lines ofo : 
research. It would pay careful attention to the scienti 
fically progressive sections of industry and would help, “by 
describing their activities, to create a growing inter 
scientific applications among industry as a whole. 
€n the early years its highly authoritative expl 
every facet of technology and science, writte 
possible by the foremost practitioners in a pa 
yet painstakingly edited—when necessary—for 
by the inexpert, were eagerly seized upon by othe 
as well as by PEIES anxious to keep abreast of Į 
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in science, if only to see that their interests were not being 
neglected in the goldrush. 

Lest I leave the impression that early New Scientist 
editors hung on to every word, each prediction of the wise 
men of science and engineering, let me hasten to say that 
by the start of the 1960s the journal was making its own 
critical appraisals of projects and plans. Increasingly it was 
finding flaws in the proposals for harnessing science. In 
short it was attempting—sometimes with conspicuous suc- 
cess, aS in the case of an ill-conceived scheme for large 
cross-Channel hovercraft-ferries'—what later became digni- 
fied as the new discipline of ‘technology assessment’. 


Influence 


The New Scientist has had an important influence on 
science writing in Britain, and probably elsewhere too. 
Although I do not think it has bridged the gap between the 
‘two cultures’—-by this I mean that few people who are not 
professionally concerned with science trouble to read the 
journal—it has bridged many narrower gaps between the 
scientists themselves. It has also been invaluable to science 
correspondents on other journals, as the first stage of 
breaking down a complex piece of research or ‘emerging 
opportunity’ into a simple but lucid newspaper story. 

Unfortunately, the influence of New Scientist began to 
wane Sharply in the late 1960s. The downturn coincided with 
a change of publisher, from a small but dedicated company 
to a large and remote empire. It also coincided with two 
changes of editor, both of whom interpreted their role not 
as helping scientists to adapt to the changing attitudes of 
society towards science and technology, but as lending their 
weight to the attack. What characterised many of its 
editorial assaults at this time was not the cool, dispassionate 
and knowledgeable writing which distinguished so many of 
its early articles and leaders in the first decade ofthe 
journal’s life, but the irrational, emotion-laden tirade of 
the writer who is composing for effect and not going to 
allow himself to be deflected or confused by facts. 

A low threshold of indignation is the sine qua non for 
the successful investigative reporter, of the kind that ex- 
posed the Watergate debacle in the Washington Post, for 
example. But as the two Pulitzer prize-winning reporters in 
this case make so plain in their book All the President's 
men’ they also exercise uncommon care in sifting and 
double-checking their facts and deductions before publica- 
tion. (The rigorousness of this process may owe much to 
the fact that Howard Simons, their managing editor, who 
launched the paper’s investigations into Watergate, was for 
many years its highly respected science correspondent.) 

Too many science correspondents in the last few years 
have assumed that a low threshold in indignation and an 
input of information from someone, somewhere in science, 
however obscure, was enough to add up to a story. Too 
many have been ready to select facts and sources regardless 
of their intrinsic merit and to overlook a much greater 
weight of contrary evidence. Too many, in short, have 
flouted the basic principles of the profession they are being 
paid to write about, in quest of a story to meet the supposed 
public taste for gloom and doom. 

A science writer who accepted without question claims 
for perpetual motion would be laughed out of court. But no 
less improbable assertions are often implied about the 
explodability of nuclear reactors, the hazards from radio- 
activity or the damage left in the wake of supersonic 
transports. The referee system of exposing a man’s observa- 
tions and conclusions to the scrutiny of his peers, who 
then approve or reject them for publication in an accredited 
journal, is the science writer's best safeguard against the 
dubious claim. It may not be perfect but it is much 
healthier than the activities of those scientists whe have 
tricd—sometimes with devastating success—to bypass the 
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journals and appeal directly to a general public in no way 
equipped to assess the merits of their claims. 


Wit and grace 


Scientists, understandably, have been at a loss to know how 
to respond to assaults from science writers. As that form- 
idable United States physicist, the late Dr Edward Condon, 
once said ruefully, when assailed by a Congressman for 
allegedly being a security risk, “If you say I’ve got a wart on 
my nose, I can deny it. But if you just say I’m one of the 
ugliest men in town, all I can do is argue that Pm really 
quite pretty’’. Aggrieved scientists and technologists, 
attacked for the ‘ugliness’ of their discoveries, projects and 
propositions, sometimes turn for help to a science writer 
who may lend a more sympathetic ear. It is unfortunate 
but the impact of a dispassionate appraisal can rarely 
counterbalance the damage done by the preceding highly 
dramatised story. One instance where the counter-attack 
was very successful, however, came after lurid newspaper 
accounts of the mercury found in fish landed in Britain, 
when the science correspondent of The Observer reported 
that fish from the Smithsonian Museum, caught in the 
1920s, had been shown to contain at least as much mercury 
when assayed by the same method. 

The one real source of redress a scientist has who feels 
the facts have been ignored or distorted—and I can assure 
readers that it can be a very effective form of redress—is a 
brief letter to the Editor. Few newspaper editors will ignore 
a letter from, say, a professor or research director who 
says bluntly “your science correspondent was wrong”. Fewer 
still will decline to publish it prominently if the letter puts 
the facts straight with some leavening of wit or grace. 

If I have a general literary complaint about science 
writing and the reporting of science, technology and medi- 
cine, it is that so much of it is so humourless, so lacking 
in wit and charm. Nowhere is this more evident than in the 
Stories that reek of indignation. Yet science itself is not at 
all like that. Names that come easily to mind of scientists 
who can be very witty about the failings and faults of their 
own profession include Victor Rothschild (as in his 1971 
Royal Society of Arts lecture on the need for reorganisation 
of government science in Britain), Kenneth Mellanby and 
Magnus Pyke. Most recently, in the pages of Nature, we 
have the splendid example of Erwin Chargaff with a delight- 
fully ironic essay, criticising the validity of much present- 
day biology and the honesty of such euphemistic evasions 
as “the results that I reported last year are based on facts 
that are no longer available’. 

Far too often the facts science writers reported last year 
are ‘no longer available’, either. Sometimes, inevitably, this 
is unavoidable, and no fault of the writer, who is simply 
reporting results, conclusions or claims, formally or publicly 
Stated, that are later overtaken or invalidated by more 
research or other events. Sometimes it is the result of 
injudicious selection of ‘facts’, as was the case in a pro- 
tracted (but quite unsuccessful) assault on a well known 
domestic pesticide by a journalist who, when I challenged 
his motives, simply said “Well, what’s wrong with flies?” 
Sometimes, unfortunately, it is the result of misunder- 
standing, misinterpretation, or simply miscalculation—as 
when a prominent story in The Guardian of alleged pol- 
lution of the English Channel turned out to be based on 
calculations assuming that the channel had but two 
dimensions’. 


Lessons 


Seven years of reporting and appraising science, technology 
and medicine for the®*Financial Times has taught me some 
harsh lessons about the scope and limitations of news- 
paper reporting of science, and the pitfalls of taking too 
freely the word of its practitioners. A background which 
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includes experience of industrial science and of reporting 
industrial practice has encouraged, I think, more sympathy 
for the formidable difficulties of translating the discoveries 
of science into practice, often dismissed impatiently by 
science writers aS mere parsimony or ‘engineering detail’. 

But it has also taught that the scope is much greater than 
the limitations; that given editors with a genuine interest 
and curiosity about science—its discoveries and opportun- 
ities and the people who make them and who take the 
decisions—the scope is immense. The Financial Times 
enjoys such editors, and has done so certainly since the 
post-war years when the late Professor Sir Francis Simon, 
head of the Clarendon Laboratory, Oxford, was also its 
science correspondent. It is a paper of industry and com- 
merce, specialising in facts and fair interpretation and not 
dependent for sales on polemics, propaganda or unabashed 
entertainment. 

As Science Editor I am one of about a score of specialised 
feature writers, mainly writing regular articles of up to 
2,000 words—much longer than most newspapers normally 
accept—sometimes at the Editor’s instigation but most of 
the time as a result of my own quarrying among the papers 
or people of science. In the past twelve months, for example, 
it has published over 70 feature-length articles under the 
by-line of its Science Editor, and many more on such 
technologies as aerospace and computers by other staff 
feature writers. 

What I cannot claim is that those articles represent a 
complete spread of science and technology. The reader will 
find little on astronomy, genetics or sex-change surgery, for 
example. But he will find a more complete (and I would 
venture more accurate) coverage of the science, technology 
and politics of nuclear energy than any other newspaper has 
carried. He will also find many articles discussing the 
organisation, management and funding of science, rare 
indeed outside the pages of specialised journals on research 
management. 








The transit of Venus in 1874 


A. J. Meadows 
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No two national newspapers in Britain produce a similar- 
science coverage. You can take your pick from a wide — 
variety of interests and levels of treatment, of preferences 
and prejudices. At its best the reporting of science compares > 
favourably with that of such countries as the United States, 
West Germany or Sweden. 


It has recently been proposed quite seriously to me that = 
science correspondents should exercise as much respon-.- a 
sibility as the referees of scientific papers. In principle, E- a 
agree and would like to see the suggestion developed more E 
fully; but in practice I cannot imagine how such standards __ 


could be enforced, when science correspondents must work 
constantly under constraints called deadlines that no 
referee would tolerate. 

What I think scientists are entitled to ask of those who 
write regularly about them is that they will exercise the 
basic tenets of the scientific approach; that they will reject 
illogical argument, that they will reject stories where the 


facts do not fit, that they will not suppress facts that con- > ne 
flict with their arguments. Newspapers nowadays employ 


very bright people as journalists, many of them university — 
graduates. Most of them are perfectly capable of handling — 
in an interesting and accurate way most of the science — 
stories that come to light. If the science correspondent has ` 
any claim at all to distinction as a specialist writer it is 
surely that he is versed in the scientific method—the way 
scientists approach a situation—and thus better equipped 
to spot the fallacies for his readers. 
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5 Lord Zuckerman, Times Literary Supplement, 1419-1422. 
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Observations of the 1874 transit of Venus seem to have 
been based on a misguided belief that nineteenth century 
techniques were superior to those of the previous century. 
Here A. J. Meadows explains, with the benefit of hind- 
sight, how the expectations of the nineteenth century 
astronomers were not fulfilled. 





THE average distance from the Earth to the Sun is a 
fundamental astronomical constant: it forms the basis of 
the scale of distance used both outside and within the Solar 
System. Outside the Solar System, the Earth-Sun distance 
acts as the base line for the measurement of the distances 
of nearby stars, and so, ultimately, of the entire Universe. 
Within the Solar System, any single estimate of distance 
can be used to calibrate all remaining distances by using 
Kepler’s third law. For example, if we know the Egrth- 
Sun distance we can work out the Venus-—Sun distance: 


equally, however, we can derive the Earth-Sun distance - 


from a knowledge of the Earth-Venus distance at any — 


instant. 

The classical method for the determination of distance 
in astronomy has always been by the use of parallax. This 
requires three things: a relatively nearby object, a distant 
background, and two observers at either end of as long a 
base line as possible. When the observers measure the 
position of the object relative to the background, it does 
not seem to be in exactly the same place for both. The 


difference—the parallactic shift—decreases with the dis 


tance of the object; so the parallax provides a direct | 
measure of the object’s distance. The current value of the- 
solar parallax is 8.794”, although in fact, it is known to- 
much better accuracy. Thus, two observe 
ends of an equatorial radius of t 


ervers situated at the 
arth would see the — 






Sun "Raia against the background ‘stars by that amount. 


Clearly, the direct detection from Earth of so small a dis- 
placement of the Sun is virtually impossible. The pro 


















lem of determining the solar parallax has, therefore, been 
one of finding a closer and easier object to measure than 
the Sun. 


Observing Venus to determine parallax 


Of all the planets, Venus comes closest to the Earth: its 
minimum distance from the Earth at conjunction is, on 
average, only half that of Mars. Unfortunately, the value 
of parallax measurements for Venus is diminished by its 
juxtaposition to the Sun when at conjunction, which makes 
accurate visual observation extremely difficult. The way 
out of this impasse was suggested by Edmond Halley in 
1716. Venus usually passes above, or below, the Sun as 
seen from the Earth; but on rare occasions, because of the 
mutual inclination of the orbits of both planets, they are 
so placed that observers on Earth actually see Venus tran- 
Siting the solar disc. Under these circumstances, the bright- 
ness of the Sun becomes an advantage, rather than a disad- 
vantage, for Venus appears as an obvious and easily 
measurable, black dot on the Sun's surface. Halley pro- 
posed that, during a transit, Venus should be observed 
from several widely spaced stations on Earth. Observers 
at points distant from each other would see the planet des- 
cribe slightly different paths across the solar disc. There- 
fore, the duration of a transit would depend on the obser- 
ver’s position. Measurements of the times of the beginning 
and end of the transit could therefore be converted into 
a value for the parallax of Venus at conjunction and, thus, 
into a figure for the solar parallax. 

At the time the main problem with Halley’s proposals 
was the infrequent occurrence of transits of Venus. At 
present, the transits occur in pairs separated by a gap of 
8 years, but with a delay of over a century between suc- 
cessive pairs. In Halley’s time, the next pair were not due 
until 1761 and 1769: but, to eighteeth-century astrono- 
mers, the wait seemed worthwhile, for the method 
apparently provided much greater accuracy than any other 
then available. (From his observations of a transit of Mer- 
cury in 1677, Halley estimated that a transit of Venus 
Should provide a value for the solar parallax which would 
be accurate to one part in six hundred—far better than 
other eighteenth century methods.) 

Great preparations were made for the transit in 1761, 
with expeditions dispatched to distant parts of the world’. 
But the results were a major disappointment: the extreme 
values obtained for the solar parallax differed by as much 
as 20%. It was generally agreed that the main inaccuracy 
had been introduced by an unexpected ‘black drop’ effect 





+ 
Fig. 1 One of the huts erected at Greenwich for testing 
prior to observations of the transit of Venus in 1874. 
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‘ig. 2 Observers waiting for the transit to begin, 


as Venus encroached on to the solar disk. (As the limbs 
of Venus and the Sun approached they seemed to flow 
together—-an effect that made accurate timing of the 
beginning and end of the transit very difficult.) Forewarned, 
the observers at the following transit, in 1769, obtained 
rather better agreement; but their results were not properly 
reduced until the 1820s, when the work was undertaken 
by the German astronomer, Encke. The final figure he ob- 
tained for the solar parallax was 8.571”, a value that was 
widely accepted for a quarter of a century. By the latter 
part of the 1850s, however, it became evident that this 
made the Earth too far away from the Sun. Solar gravita- 
tion acts differentially on the Earth-Moon system because 
the Moon is sometimes closer to the Sun than is the Earth, 
whereas at other times it is more distant. As a result, the 
motion of the Moon is dependent on a factor that involves 
the mean distance of the Sun. By the mid 1850s lunar 
theory had become sufficiently refined to show that Encke’s 
result could not satisfy the observational data on lunar 
motion. It therefore became essential to re-determine the 
solar parallax. 


A different approach 


In 1857, G. B. Airy, the Astronomer Royal, proposed that 
arrangements should be made for detailed observations of 
the next transit of Venus, due on December 9, 1874, to 
obtain a better value for the solar parallax. Airy was 
confident that the technical advances since the eighteenth 
century would permit a much more accurate result to be 
obtained. His colleagues agreed with him, and he was put 
in charge of a major British campaign (to be linked ulti- 
mately with similar campaigns mounted by a number of 
other countries). 

One of Airy’s first decisions was to abandon the use of 
Halley’s method of observation, and to substitute instead 
one proposed by the eighteenth century French astronomer, 
Delisle. Halley’s method, which involved timing both the 
beginning and the end of the transit, required that the 
entire transit should be visible from each observing station. 
This meant that any change in weather during the course 
of the transit could vitiate the result. More importantly, 
it meant that large areas of the Earth’s surface, from 
which only the ingress or the egress could be seen, were 
ruled out as places for observation. Delisle’s method, on 
the *other hand, only required the timing of one contact— 
either ingress, or egress. To compensate for this, it re- 
quired—in contrast to Halley’s method—a very precise 
determination of the longitude of the observing station. 
Which ‘approach was preferable depended on the particular 
circumstances of the transit: Airy’s analysis of the 1874 
transit suggested that Delisle’s method would be more 
suitable. He therefore began to search for a series of 
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widely spaced stations from which that type of observation 
of the transit could be made. As the zone of visibility 
for the 1874 transit was centred on the Pacific, suitable 
sites necessarily tended to be situated on islands. That 
forced Airy into extensive consultations with the Hydro- 
grapher for the Navy, Admiral Richards; for the charting of 
Pacific islands still left something to be desired at that 
time. 

Airy outlined his proposals for observations of the tran- 
sit at a meeting of the Royal Astronomical Society in 
1868. In the following year, another prominent member 
of the Society, R. A. Proctor, attacked Airy’s conclusions, 
claiming, in particular, that Halley’s method might well 
be applied to the 1874 transit, and proposing that a 
somewhat different set of stations should be selected with 
that possibility in mind. Airy took no notice, but pushed 
ahead with his own plans, and during 1869 he obtained 
a sum of £10,500 from the Treasury to finance them. In 
1873, however, Proctor (who had meanwhile become Secre- 
tary of the Royal Astronomical Society) once again took up 
the argument. This time it was pursued before the general 
public, especially through the columns of The Times. 
At first, Airy resisted any change in the arrangements, but 
eventually he agreed that additional stations should be 
sought. This, if anything, only served to enhance the 
dispute, for Proctor and his friends now entered on a 
debate with Admiral Richards to discuss which new stations 
might be occupied. Richards, in exasperation, finally 
observed’ : 

“Enthusiasts no doubt there are who, however accom- 
plished they may be as astronomers, are wanting and can- 
not but be deficient on many subjects which it Is as 
necessary to take into account as astronomy in a question 
of this kind; and hence we are told to send to the 
Antarctic Continent and to visit a variety of small rocky 
islets interspersed over the Southern Ocean at distances 
from each other varying from 1,000 to nearly 4,000 
miles, many of which are actual myths, while on those 
which do exist it is certain that there is no anchorage 
for a ship, and that even landing would be generally 
impossible.” 

Proctor was not prepared to let Richards have the 
last word. In a subsequent supplementary issue of the 


Transit of Venus, J874 „Siati 7 


roe 


Fig. 3 Photoheliograph observation of Venus near ¿tpe 
solar limb. 
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Monthly Notices of the Royal Astronomical Society’ he 
produced a chart of possible observing stations, together 
with the annotation: 

“The chart requires no explanation beyond perhaps 
the remark that the islands in the less-known regions 
have been taken from ordinary atlases (after comparison 
of several), in preference to the Admiralty charts; because 

. one naturally feels doubtful about Admiralty state- 
ments which would appear to be variable according to 
official requirements. It did not seem well to insert any 
island, or group of islands, in the chart with some such 
note as ‘Here, if convenient to those in authority, there 
is an island,’ or ‘this group of islands can be regarded as 

a reality or a myth as may be required, and so on.” 

There, however, he had overstepped the mark; for, as 
Editor of the Journal at that time, he published without 
reference to other members of the Society. When kichards 
complained to the RAS Council, the result was virtually 
inevitable: by the end of 1873, Proctor had resigned as 
Secretary, and the controversy over the transit died down. 

Airy had began preparations for the transit on the 
assumption that the actual times of contacts would be 
determined visually in much the same manner as in the 
eighteenth century, although with better instrumentation. 
It was soon pressed on him, however, that the rapidly 
developing art of astronomical photography should also 
be used along with the visual method. Initially Airy was 
dubious, but was eventually persuaded, more especially 
because De la Rue, the leading British exponent of 
astronomical photography, agreed to take charge of pre- 
paring the photographic instrumentation. Airy therefore 
obtained a further £5,000 from the Treasury for this 
type of work, and British expeditions observing the transit 
carried out a mixture of visual and photographic measure- 
ments. 

The raw data from the expeditions was collected together 
at the Royal Observatory, Greenwich, and Captain Tup- 
man, an army officer, was put in general charge of the 
reductions. The work dragged on slowly until, finally, 
Parliamentary pressure began to build up for immediate 
publication: the expenditure on the 1874 transit made it, 
after all, one of the most expensive single scientific in- 
vestigations supported by the state up to that time. When, 
partly as a result of the pressure, preliminary conclusions 
were published in 1877, the difficulty facing Tupman and 
Airy became apparent. The new measures of the solar 
parallax were no more accordant than the eighteenth 
century measures had been. Airy, himself, derived a final 
value for the solar parallax of 876”; but this represented 
an average from values for ingress and egress that differed 
by 0. 11”. Morever, Stone, HM Astronomer at the Cape, ob- 
tained, from the same data a value of 8. 88”. The photo- 
graphic results were even worse. From these, Tupman 
obtained a solar parallax of only 8. 08”; and an independent 
re-examination of the material only improved this to 8. 17”. 
Part of the problem was that the type of photographic 
instrumentation used by most British parties was not par- 
ticularly suitable for transit measurements. But even 
American measurements, which were better arranged, did 
not achieve the expected results‘. Indeed, the deficiencies 
apparent in the British observations, both visual and photo- 
graphic, were to varying degrees, found in the results 
obtained by all the participating countries. 

Looking back, the observations of the 1874 transit seem 
to have stemmed from a misplaced belief in the superiority 
of *nineteenth century methods and instrumentation over 
those of the eighteenth century. Certainly, the 1874 transit, 
together with the much less enthusiastically observed tran- 
sit of 1882, finally delivered the quietus to this form of 
solar parallax measurément. Nobody will consider it worth 
obser¥ing the next transit of Venus, in 2004, for this pur- 
pose. Yet the idea that the solar parallax can best be 

















_ determined by observation of Venus at inferior conjunction 
~ remains valid. The present standard method involves radar 
observations of Venus near this point in its orbit. 

All the photographs used in this article are from the 
Royal Observatory archives, and have been made available 
by Lt.-Cdr. H. D. Howse (National Maritime Museum), 
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‘Popularisation’ of science 
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With the increasing dependence of the civilised world on 
__ science, the need is not so much for ‘popularisation’ as 
for understanding and critical appreciation of scientific 


advances if alienation from science is to be avoided. 





ASTRAY one evening recently in an unfrequented cupboard 
at home, I came across a copy of that pioneer publication 
Penguin Science News: to be exact, issue number four, 
dated July 1947. And as I turned the pages to renew with 
delight this old acquaintance, the editor once again spoke 
to me—but with words of such innocence that I was obliged 
to shut him up. From this surprise reunion I came away 
with an embarrassed feeling of sophisticated guilt, not so 
much in disturbing the innocent but in realising that his 
simple views were still held so widely. Although techniques 
of communication of scientific ideas to the public have de- 
veloped greatly in these past three decades the philosophy of 
the communicators has not. 

In an editorial the editor claimed that “every scientific 
subject, without exception, can be made clear to the lay- 
man.” He added, “AH the ideas of science are basically 
simple and understandable by the average brain,” and went 
on, “Provided an author really understands his subject him- 
self and has enough space to write his expanded discussion 
in simple words, there is nothing under the sun which he 
cannot clarify and teach.” 

In those pioneer days of science writing, I too, had such 
innocent views. We did not understand then, and I am not 
sure that many of us have grasped even today, that com- 
munication means not only to send out messages but also 
to receive messages from the world about us. We were 
concerned then only with the communicator. We assumed 
that if he wrote simply and well—(‘‘Goldsmith,” one famous 
editor said to me, “you must learn to write more compel- 
lingly, otherwise your readers will ignore you—and so shall 
1’’)}-—-we would be read and understood. O, blessed paradisial 
innocence! The final awakening came for me about 1950. 
I was puzzled because since 1945 we had exuded millions 
upon millions of words, written and spoken, on the nature 
of the atom, and I found that most people remained un- 
happily ignorant on this subject. 
= -We were most successful in scaring them, however, so 

that fear and prejudice are impeding progress in, fcr ex- 


a ample, the development of nuclear power plants. It is not 


sufficient to write clearly and well. Literate writing helps 
but it carries in itself no guarantee that understanding or 
even reading will follow. Although, I agree it helps. ° 
This is in great part due to the primitive view of the 
popularisation of science which inspires so much of our 
thinking. It is as constricting to us as was the veneration 
of the circle to Galileo. He was neutral about Kepler's 
thesis that the planets moved in elliptical orbits becafse he 





could not accept as significant any speculation which 
neglected the axiom that the circle is the perfect curved 
form. We are in bondage to a concept that I believe has 
been an important factor in alienating people from science. 
We have tended to use the term “popularisation of science” 
loosely to describe what we hope for rather than what 
actually happens. This is more than an exercise in seman- 
tics, for what we are concerned with is the definition of 
the social phenomenon which has blinded us into believing 
that we were enlightening the masses when the opposite 
was more true. 

I believe it would be generally accepted that the popu- 
larisation of science is designed to make science popular 
(by which I mean intelligible) among non-scientists. The 
argument is that science is difficult to understand and that 
if requires to be translated into terms simple enough for 
the non-scientist to understand. This view has been ex- 
pressed almost from the beginning of science itself. 

But a certain knowledge of science spread among the 
public long before that. There have always been scholars 
and non-scholars, therefore always the need to interpret. 
We are aware that there was a weakness for the encyclo- 
pedic in the literature of the Middle Ages. The general 
cosmological system of Dante’s Divine Comedy was based 
on Aristotelian, Ptolemaic and Christian ideas. The most 
widely read of mediaeval romances, the Roman de la Rose 
of 1270, contained statements on topics such as philosophy, 
medicine, physics, astronomy and theology. 

In this way, general ideas about nature of the universe, 
the planetary system and the nature of matter were put 
into circulation. 

The word ‘science’ began to enter the English language 
during the Middle Ages (the beginning of the 17th century.) 
It came from France, and was synonymous with knowledge. 
But the early Latin translators of Aristotle gave the adjec- 
tive “‘scientificus’’ a technical meaning, and this was trans- 
ferred to science to mean accurate and systematised know- 
ledge. The Aristotelian theory of knowledge was the guide: 
you had “scientific knowledge’? when you arrived at it 
demonstratively, not by experiment. 

But with the beginning of modern science—first with the 
Copernican revolution in the mid-I6th century, and then 
with the great age of science inspired by Galileo and 
Newton in the 17th century—the expression ‘“‘scientific 
knowledge” came into use to distinguish this form of know- 
ledge from common knowledge: that is, science and know- 
ledge were coming to be regarded in England as no longer 
synonymous. Science came to stand for a particular kind of 
knowledge, whether derived by straight deductive logic (as 
in Euclid), or whether using observation and experiment 
(as in Bacon and Harvey.) But the full realisation of this 
did not come until almost the mid-19th century, as ex- 
pregsed, for example, in Herschel’s Discourse on the Study 
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of Natural Philosophy in 1830. 

In the 17th century, with the emergence of modern 
science, the new systems of the world began to be part of 
-the education of the well-read person, and the new ideas 
were made available to the aristocracy and the middle class. 
It was at this period that what has been described as 
“the first systematic written attempts at scientific populari- 
sation“ appeared. The first of the great popular expositors 
was Bernier le Bovier de Fontenelle (1657-1757). He must 
have been a delightful person. Voltaire considered him the 
most universal genius he had met. He was a rare person in 
his combination of scientific knowledge and love of litera- 
ture. He was a nephew of the great Corneille, and a contri- 
butor to the Mercure Galant, a paper edited by another 
uncle, Thomas Corneille. He was appointed secretary of the 
Académie des Sciences in 1699, and like Oldenburg, the 
secretary of the Royal Society in London, he had wide con- 
tacts bringing him information on the new developments 
in science throughout Europe. 

Fontenelle wrote particularly for the public of the 
“salons”. His Entretiens sur la pluralité des mondes (1686) 
is in the form of a dialogue and is addressed to the needs 
of an imaginary marquise, “jeune, aimable et ignorante”. 
His intention, he declared, “is to deal with philosophy 
(he means principally astronomy and physics) in the least 
philosophical manner possible; I have tried to develop it to 
a point where it shall be neither too dry for the gentry nor 
too superficial for the scientists...” 

For Fontenelle, popularisation was a class matter. The 
plebs had no place in his dissemination. His works and those 
of the writers who followed him, such as the “Spectacle de 
la Nature (1732) by the Abbé Pluche, were primarily for 
the aristocracy, the wealthy bourgeoisie, and the ladies of 
the Court. The story is told of Fontenelle that one day at 
the Café Procope, the famous intellectual centre of Paris 
in the 17th century, he declared: “If my hand were cram 
full of knowledge, | wouldn’t open it for the people”. And 
on the sixth evening of his Entretiens he advises the mar- 
quise: “Let us content ourselves with being a select little 
band and not disclose our mysteries to the people”. 

In fact, the popularising of science to a general public 
could not come about until public forms of education had 
made literacy more general, until the media of dis- 
semination were more widespread, and until there was a 
demand. People needed to realise that there was something 
to know which they were missing. 

The Entretiens may have been written for a need 
already expressed: for example, Moli¢re’s Femmes Savantes 
was 15 years before the Entretiens, and his middle-class 
women spent evenings in their attics trying with a telescope 
to see the people on the moon. I do not regard Fontenelle 
as a populariser of science. He was a gifted propagandist for 
scientific ideas. 

If Fontenelle was not a populariser, then who was? For 
an answer we need to go to the end of the 19th century 
when science was becoming established as a full time oc- 
cupation for professionals. 

During the early 19th century there were efforts—follow- 
ing the impetus of the industrial revolution—to make 
science available to such as mechanics, but the movement 
led by Henry Brougham, founder of the Society for the Dis- 
semination of Useful Knowledge in 1826, to give working 
men a scientific education was doomed to failure; scientific 
knowledge could not be secured by superimposing instruction 
in the sciences upon a highly inadequate system of State 
education. 

Similarly, the Royal Institution founded in 1799 to train 
mechanics, within a few years became a centre of scientific 
“entertainment” for a select few. *Thomas Webster, who 
was Clerk of the Works in the early days of the Royal 
Institution, wrote to Count Rumford in 1799 with a pro- 
posal to found a school for mechanics in the house *of the 
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Royal Institution. Rumford was delighted with the sc 
































and it was accepted by him—and by he Manager 
some hesitations. But, by 1802, Webster had been gr 
sick leave and the project was abandored. Why? I-$ 
quote Webster’s own words, but we must bear in mind n D 
these were written in 1837, 35 years after the events, a 
Webster was by then an old and rather fustrated man.: 
wrote: “But this project for improving mechanics, well i 
tended as it was, which promised to be so aseful, and- which 
had already gained for the Institution ‘golen opinions’ was — 
doomed to be crushed by the timidity (for | shall forbea! i to 
speak more harshly) of a few. I was askid rudely ( by an 
individual I shall not name) what I meait by instruc ing 
the lower classes in science. I was told lilewise it was Te- 
solved upon, that the plan must be dropped as quietly AS 
possible. It was thought to have a dargerous political 
tendency. I was told that if I persisted I vould become a- 
marked man.’ : 
The popular presentation of science wis still design 
for a few and not for the masses. The wicely popular | 
tures of men like Huxley and Tyndall were of significan 
only to those who could read and write, ani thus had little 
effect on the working masses. | 
Until recently the popularisation of scierce has been a 
class phenomenon designed for a privileged ninority. Today 
we must rid ourselves of this concept of “popularisation”. 
It smacks of the condescending, of Victorii do-goodism, . 
of a patronising aloofness irrelevant to todey’s needs. W 
do not need to make science popular in a vorld in whic 
science is of key importance. A single experience of spa 
technology is more educative in this regard than. millio 
of words. Besides, we cannot make science popular in 1 
sense that Huxley and Tyndall wished to. The atom bo 
has put an end to that. The catastrophic power of mode 
science confronts each one of us with prcfound mo 
issues. Further, the specialist fragmentation o science an 
its speed of change renders invalid the view that scientifi 
ideas can be made clear through popular presentation. 
was surely easier to popularise science a century a 
physics was largely a study of pulleys, levers ando 
circuits; when chemistry consisted of reaction: 
formulae; and when biology was concerned with classify 
different genera and species of plants and animals, 3 
The trouble with most science writing—and in this T 
include all the mass media—is that we seek still to present 
science as a collection of facts. The mathematician, Pro- . 
fessor Hyman Levy, commented: “The trouble about 
science and scientific explanation is that it tends to be in- = 
comprehensible to anyone except the expert’. We must = 
abjure the concept of popularisation in a democratic and o 
rapidly changing society. a 
What we need then is more public understanding of. _ 
science, and more public appreciation of the impact of | 
science. This can only be achieved through a continuing —__ 
education programme. The raison d'être of such a pro- — 
gramme should be to help us to escape from the shackles a 
of the scientific past; how to deal with new situations and 
how to find new facts; how to assess facts critically; and how ae 
to be one’s own ‘science critic’ as well as football, or Jazz, oo 
or music critic, nE e 
As we become more dependent on science, we become 
more vulnerable as the thing that has not been, and whose = 
consequence cannot be foreseen, becomes the thing bmt 
is. Speedy and planned adaptation is already our need.. 
will become more, and not less, urgent. The social sci 
has a key part to play here. I suggest there may be 
of social vulnerability, that is, a particular staj 
which people begin to demand action at what se } 
to be “the harmful consequences of the api 
science”, for example, the social problems of 
land tonservation, use of pesticides, and urban-d 
If such a law can be found, then we shall be able ti 
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much misery, by ecuring corrective action before con- 
sequences become so gross that great quantities of anti- 
bodies—-pressure goups of various kinds—are generated 
by the body social 

The populariser of science, as he functions today, cannot 
disseminate the subtle ideas of science. These really cannot 
be understood witout hard, disciplined effort. It may be 
said that my reation against former naive ideas about 
popularisation hasgone too far. Of course, I am not against 
popularisation. I want a redefinition, a re-examination of 
the philosophy of popularisation. | believe popularisation of 
science must give way to wide public understanding and 
appreciation of sdence. 

Who should be responsible for the necessary programme 
of activity? Cleerly, it should be in considerable part a 
government responsibility. Just as the nation ploughs back 
a certain percentage of the gross national product to do 
scientific researci, so it should invest a certain percentage 
of the research and development budget in public under- 
standing of scieace, to help society to contend with some 
of the social problems that the applications of research and 
development caise. 

What I have said are subjective impressions, generalisa- 
tions for whic I apologise. We need desperately in this 
country a research programme into the communication of 
scientific ideas to the public. Many millions of pounds are 
being spent anaually for this purpose through press, radio, 
television, films, books, exhibitions, and museums. I have 
guesstimated that this sum is at least £20 million a year. 
Our ignorance about the impact of these media is com- 
plete. We know damn all. We have no objective criteria 
for assessing tae social usefulness or effectiveness of these 
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media. We have only box-office and subjective generalisa- 
tions. These are just not good enough. 

fam happy that Glaxo is awarding, in collaboration with 
the Association of British Science Writers, four annual 
prizes of £500 each for popular science writing. I had hoped 
that from its inception there would be built into it a re- 
search programme. | say this because the American West- 
inghouse Awards for Science Writing, which have been 
running since before the Second World War, are useless 
in this respect. Their records are incomplete, and no one 
can say whether the Awards do more than put dollars into 
the pocket of some science writers each year—and provide 
publicity for Westinghouse. I would like to know how 
science writing and the communication of scientific ideas 
have benefitted. | apply the same criticism to the annual 
Kalinga prize for science writing administered by UNESCO 
-~incidentally, an award I was proud to help into being 
when I worked at UNESCO. 

The communication of scientific ideas needs a new 
approach. We have somehow to cope with a situation in 
which although politicians, and the citizens who elect them, 
continue to think in idea-proof compartments, the beliefs, 
values and institutions which nourish them are subject to 
rapid change. We need a new type of communicator, a 
modern Fontenelle, a poet and a visionary, a scientist and 
a visionary. He can help us to meet the flight from reason 
originating from the false belief—one that the popular 
communicators have failed to counter—of the threat of a 
blind, self-motivating, ali-possessing, juggernaut of science 
and technology. I expect that then the alienation of people 
from science—the confusion in a “horror of lost self” as 
Robert Lowell sees it—will cease. 
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The practice of science in Northern Ireland is no harder than 
elsewhere but unwillingness to come to Northern Ireland 
because of exaggerated fears of the risks causes concern. 


Vaarnan nennen naar 


WHEN I was invited to write this article I accepted without 
much hesitation, but my experience has taught me that the 
provision of plain answers is not enough. Some of these may 
leave the erroneous and distasteful impression that scientists 
are indifferent to suffering. The reason seems to be that in spite 
of, or perhaps because of, the exceptional intensity of news 
coverage which Northern Ireland has received there is a general 
lack of any real sense of proportion about the violence and 
about how it affects work. To reduce the likelihood of being 
misunderstood in this way, I shall first present data enabling 
the scale of the violence in Northern Ireland to be viewed 
other than in isolation. 


Comparing violence 

Death is only one of the consequences of violence but it is both 
the most terrible and the most clearly defined. For compariso®&, 
the annual violent death rate will therefore be taken as a relevant 
and convenient (though admittedly oversimplified) index of the 
distress caused. Following standard practice with mortality 
statistics it will be expressed as the rate per hundred thousand 
inhabitants. 





Petter 








Table I gives data on death rates due to the troubles!. In 
compiling it no attempt was made to distinguish guerilla 
deaths from civilian deaths proper but the former are officially 
estimated to number about one third of the latter. The locally 
recruited security forces (Ulster Defence Regiment, Royal 
Ulster Constabulary and Royal Ulster Constabulary Reserve) 
are grouped together as they are an integral part of the com- 
munity. The method of presenting the rates obscures the danger 
to which members of these forces and members of the Army 
are exposed but nevertheless is appropriate as the total of the 
rates Ry, shown in the last row provides some indication of the 
impact of the violence on the people of Northern Ireland. - 
Scrutiny of the table, with the knowledge that the total mortality 
rate in 1969 was 1,080.2 (ref. 2), should be reassuring to a 
rational man but I own it does not prevent me from fretting ifa 


Table 1 Death rates (per hundred thousand inhabitants) arising 
from disturbances in Northern Ireland? 
Year” 1969 1970 1971 1972 1973 1974* 
Civilian 0.8 1.5 7.5 20.9 11.0 11.0 
Local security forces 0.1 0.1 LO. 27 1.4 1.8 
Army 0.0 00 2.8 67 3.7 1.5 
Total Rare © 0.9 1.6 113 30.3 16.1 14,3 
de ep eh 


The more recent figures were supplied by the RUC Press and 
Infor ation Officer. 
* EntTi@s in this column are based on first 6 months of year. 
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ber of my family is late in arriving home when bombers 
been active. | 
obvious comparison to make is with the civilian death 
m air raids on the UK during the Second World War. 
ates, Rar, are given in table 2. Their mean value 21.7 
‘is less than twice the mean value 12.4 of Rx: which will be de- 
‘signated Ry; but this is quite misleading because the best 
known descriptions of the effects of the air-raids refer to the 
Greater London area where approximately half the deaths 
occurred and where the death rates were extremely high. A 
clearer appreciation of the position can be gain by excluding 
the Greater London area from consideration. The mean 
value of Rar for the rest of the United Kingdom and Ry; are 
about equal. Destruction by a common enemy is of course 
easier to bear than destruction coming from within and arousing 
communal animosities. 

a i a aaa a 


Tab’e 2 Civilian death rates, Rap, (per hundred thousand) arising 
l from air-raids on UK? 





1940 1941 1942 1943 1944 1945 
50.0 44.4 7.0 5.4 19.3 4.2 
In the United States the murder (including non-negligent 
manslaughter) rate, Rm, is correlated with the population of the 
town or city*. This provides a useful gauge for the troubles 
here. Referring to Table 3 it may be seen that on average 
Ry equals Ry, in cities with a population of around a quarter of a 
million and equals the peak value of Rx; in the more notorious 
cities. As a garnish to the statistics I may mention that during 
the past 20 years, two members of thestaff ofmy department have 
met with violence while in American cities (one shot at in 
Dallas because he witnessed a crime, another mugged in Los 
Angeles); neither of them has been injured as a result of the 
troubles—nor indeed as far as I can ascertain, has any member 
of the staff of the university. 





Table 3 Murder rates, Ru, (per hundred thousand) in towns and 
cities of the United States (1970) 





. No. of towns 


f tow Population Average Murder 
or cities in limits population of rate Ry 
group member of group 
23,94 < 10,000 5,000 2.6 
11,77 10,000-—25,000 16,000 3,3 
504 25,000--50,000 35,000 4.2 
252 §0,000~100,000 70,000 5.2 
98 100,000--250,000 140,000 10.0 
56 > 250,000 750,000 17.5 
Selected cities 
Philadelphia 18.1 
Houston 23.5 
Chicago 24.1 
Baltimore 25.5 
Dallas 28.7 
Washington DC 29.2 
Detroit 32.7 
Cleveland 36.1 





The existence of very high murder rates in the United 
States causes much adverse comment but the existence of very 
high fatal accident rates Ra in many advanced countries passes 
almost unnoticed. Although fatal accidents are a greater 
hazard to life, they tend to be accepted apathetically as in- 
evitable. A large number are undoubtedly inevitable because of 
human frailty but the width of the R, range should kindle deep 
concern. Table 4 shows that the difference between Ra in 
England and Wales, where it is least, and Ra in most advanced 
countries is actually greater than Rx; (12.4). Fatal accidents 
are so numerous (almost 50 d` in England and Wales and over 
100 d“ in France) that though all are tragic, only a very small 
- fraction are widely or vividly reported. In contrast, almost any 
‘violence in Northern Ireland may be widely and vividly re- 
ported because of the concentrated attention on events hére. 
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Reluctance to come | 
A melancholy way in which the troubles have affected $ 
in Northern Ireland is that people tend to be deterred 
coming because they (or more often their wives or pare 
worried by the risks. The worry is not based on an obj 
appraisal of the risks such as I have attempted in the pre 
section. It arises from repeatedly seeing rn. Irela 
difficult to avoid becoming partly conditio 

There have been cases of service engineers. 
from Great Britain to Belfast and of firms putting s 
on a volunteer basis and being loath to renew. maintenance 
contracts. The inconvenience caused has been of only a minor 


nature and any accompanying irritation has bee 2 


compensated by the good conceit of ourselves induced t 
display of lack of discernment and faint heartedness. > 


rthern. I 












Table 4 Fatal accident rates R, (per hundred thousand) i 


vanced countries (1969 or 1970)° — 


Country 
England and Wales (1970) 


Northern Ireland (1970) | 

Japan (1970) 41.8 
Republic of Ireland (1970) . 42.9... 
Scotland (1970) 43.3. 
Sweden (1969) 43.3 
Holland (1970) 49.4 
Denmark (1969) © ooo 
United States (1970) 341 
Canada (1969) 335.4 
Australia (1970) 55.6 
New Zealand (1970) 56.4 
Switzerland (1969) $8.2 
Federal Germany (1969) 62.0 
Belgium (1969) 66.0 
France (1970) 74.3 
Austria (1970) i 78.5 


Because of the troubles, a few university teacher 
declined invitations to act as external examiners. The o 
for a PhD candidate has had to be held outside Nor 
Ireland. Some external examiners have made enquiries. g 
insurance cover while in Northern Ireland. Many hav 
apprehensive before their first visit. Feelings of appreher 
although unjustified, are-entirely understandable and those wh 
surmount them merit mild cossetting. ae 
No difficulty has been found in getting visiting speakers fi 
departmental research seminars. The practicality of holc 
major conferences here, however, has been uncertain. 
Departments of Applied M athematics and Theoretical PI 
and of Pure and Applied Physics for example, obtained po 
session of attractive new buildings in September 1972. The 
five professors directly concerned had originally planned to 
mark the event by inviting the Institute of Physics to have its 
National Atomic and Molecular Physics Conference in the new 
buildings. But because of the disturbances they feared that _ ae 
attendance might be poor (though they did not doubt that 
distinguished invited speakers would come); and they decided 
unanimously to postpone the invitation. Perhaps they were — 
over cautious. Certainly the Biochemical Society of London 
held a successful meeting here recently. B 
The Department of Zoology has observed a sad change in 
the willingness of groups to visit Northern Ireland. Before the 
troubles it established a Marine Biology Station near thee 
trance to Strangford Lough in County Down, A rich ani 
fauna may be studied with the aid of the modern we er 
fighing boat, the ecological diversity being unus 
because of the marked difference in exposure 
shores inside and outside the lough. Laboratory a 
accommodation for about 40 people is avail 
excelent facilities were being enjoyed to an in 
by groups from other universities. That has virtu 
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Yet the Marine Biology Station is set amidst peaceful sur- 
roundings. 

The most serious problem is presented by the number 
of students entering the Faculty of Science. In 1966 Queen’s 
University, which from its opening in 1849 had remained 
an essentially local institution as far as its undergraduates 
were concerned, began to participate in the Universities 
Central Council on Admissions (UCCA) scheme in recognition 
of the fact that a considerable fraction of undergraduates both 
prefer, and are financially enabled to study away from home. 
An example illustrating the extent of the scholarly migration 
is that in October 1969 more than 25° of all entrants to the 
universities in the North-Western region of England (those in 
Lancaster, Liverpool, Manchester and Salford) were domiciled 
in the South-Eastern region®. Life in Northern Ireland had 
(and still has) much to offer, being engagingly (though alas now 
also agonisingly) different from life in England. In 1966 it did 
not seem unreasonable to expect that many students would 
elect to cross the Irish Sea and, indeed, by October 1968 the 
number entering the Faculty of Science from outside Northern 
Ireland had risen to 15% of the total. The troubles led to a 
drastic decrease in the inflow of students (and to some English 
students withdrawing at the insistence of their parents). Mean- 
while the outflow, already substantial, continued to increase. 
Because of the imbalance the number entering Queen's Faculty 
of Science fell by 19°, between October 1968 and 1973 whereas 
the number entering all faculties of science in the UK rose by 
12% during the same period’, A turning may have been reached. 
Analyses of the UCCA application forms received by the end 
of June 1974 and June 1973, suggests that (against the national 
trend) the faculty may have more entrants in the coming 
academic year than it had this year. 

The position regarding postgraduate students is happier. 
Between the academic years 1968-69 and 1973-74 the number 
in the Faculty of Science increased by 18°. This is actually 6% 
more than the corresponding increase in the total number of 
postgraduate students supported by the Science Research 
Council® (which presumably provides a guide to the pattern in 
Great Britain). 

Recruitment of staff is not easy. Fewer applications are 
received than for similar posts in other universities of the 
same standing and the practice of personally inviting applica- 
tions from strong potential candidates has become less in- 
frequent. The applicant who is offered an appointment occa- 
sionally states that he himself is eager to accept but that before 
doing so he must get the agreement of his wife who is worried 
at the prospect of living in Northern Ireland; and he may later 
have regretfully to write with the information that he has been 
unable to persuade her. The Board of Curators responsible 
naturally takes a long term view of the interests of the univer- 
sity and prefers to leave a temporary vacancy rather than 
make an appointment which is not fully satisfactory. A grave 
situation might have developed had it not been for the shortage 
of academic posts in Great Britain and the United States. 


Carrying on 

Some of the staff of the Faculty of Science have felt impelled 
to take part in communal or political activities—one (an 
applied mathematician) even ran successfully for election to the 
Northern Ireland Assembly. Their public spirited endeavours 
have inevitably been at the expense of their researches. 

But what about the others, the great majority? 1 have asked 
many whether their researches have been affected by the 
troubles. All immediately replied that they have not and most 
seemed rather surprised by my question. A few expanded on 
their answer. Two added that any stress in life here is muchdess 
than the stress they had endured from commuting in London. 
Another, commenting introspectively on how little he was really 
disturbed by the sound of an explosion in spite of knowing that 
a tragedy may have occurred, said that except for a tnge of 
anger his reaction was mainly transitory curiosity such as he 
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might experience on noticing a speeding fire engine anywhere. 


An objective (if objectionable) check on the validity of the 
opinion expressed on research can be obtained by comparing 
the number of journal publications per faculty staff member 
which are based on research likely to have been done during the 
first three years of the present troubles (the latest years known) 
with the corresponding number for the preceding 3 years. The 
former isless than the latter by 5%, which is not significant, being 
within the possible percentage error in either of the two num- 
bers. Again, the computer power used in Queen’s University 
has risen through the years of the troubles at almost precisely 
the same rapid rate as the total computer power used in all 
universities in the UK. 

The staff of the faculty work and live in relatively safe areas. 
It would be odd if they let their researches be impaired in view 
of the resilience shown by much less fortunate fellow citizens. 
Traders whose premises are blasted soon put up ‘Business as 
Usual’ signs; factory workers have helped make possible the 
23% increase’ in the Index of Industrial Production for Nor- 
thern Ireland between 1969 and 1973 (which is rather greater 
than the 15°% increase for the UK as a whole). 

Evidence on the extent to which life here continues much 
more normally than people elsewhere seem to think is provided 
by the fact that most of our graduates still prefer to take up 
employment in Northern Ireland: on average 77.5°% of those 
graduating in the academic years 1968-69 to 1972- 3 did so as 
compared with 73.1% of those graduating in the academic 
years 1964-65 to 1967-68. 

There is litthe which need be said regarding teaching. Some 
changes have been made in field work; for instance the Depart- 
ment of Geology judged it imprudent to continue to use a 
mountainous area just across the border with the Republic of 
Ireland, which it favoured before the troubles, because 
guerillas are now reputed to train there. Other geologically 
Suitable areas are readily accessible. The Department of 
Geography has also modified its field work pattern—not as a 
consequence of any incident but to ensure that the risk of one 
is remote. 

Members of the staff in charge of field work have unexcelled 
opportunities of getting to know their students really well. 
Those I have spoken to have not noticed tensions between the 
students nourished by our two different traditions. The student 
body as a whole has displayed a remarkably high standard of 
responsibility. 

The undergraduates seem to have become more serious and 
to be working harder. Table 5 shows the number of those in 
the Faculty of Science who in a particular academic year 
leave without a degree expressed as a normalised fraction f 
of the number of those who graduate (the normalisation factor 
being chosen to make f for 1968-69 have the value unity). 
As may be seen f has been declining steadily through the 
troubles. 





Table 5 Number of undergraduates leaving the Faculty of Science 
without a degree expressed as a normalised fraction, f, of the number 
of those who graduate in the same academic year 


1968-69 1969-70 1970-71 1971-72 1972-73 
1.00 0.85 0.78 0.76 0.72 


mmmn! 


Academic year 





Examinations are particularly vulnerable to deliberate or 
casual interference but the troubles have had only a minor 
effect on those in the university. In June 1972, a chemistry 
examination was disrupted by a bomb hoax. Another examin- 
ation was quickly arranged. This was done easily because the 
question paper for the supplementary examination to be held 
in September (for the benefit of candidates who failed) was 
ready.. Since the disr@ption, security precautions have been 
taken in and around examination halls. These are so thorough 
that any hoax warnings can be ignored with complete confi- 
dero, 
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The aim of Horizons in Biochemistry and Biophysics 1s to 
call the attention of students, teachers, and practicing sci- 
entists in the biological and physical sciences, including 
medicine, to 









e major conceptual and methodological advances and 

important discoveries in biochemistry and biophysics 

cœ the need for re-evaluating widely accepted theories 

è the possibility of applying discoveries to knowledge in 
other fields. 


In order to ensure the wide readership vital to the concept 
of the undertaking, the initial volumes of Horizons will be 


| This book was written not for the specialist but rather for 
the beginner who has acquired a background in the basic 
biological sciences and who is interested in gaining insight 
into our present understanding of the cancer problem. The 
biology of cancer is examined here in the broadest terms, 
and an attempt is made not only to identify the essential 
biological concepts that underlie the tumorous state but to 
critically evaluate as well the premises upon which pre- 
vailing thought in the field of experimental oncology 1s 
based. 

“Cancer research quite understandably has focused very 
| heavily throughout the past century on immediate causes 
| and cures. This clinical approach to the problem has been 
of limited effectiveness, producing ‘treatments’ but no 
widely applicable cures. It might appear desirable to gain 
| an understanding of the basic cellular mechanisms that 
underlie the tumorous state. . . . While an attempt was 
made in this general survey to cover, albeit briefly, most if 
not all aspects of cancer biology, emphasis has been 
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placed here on those investigations that appear most likely | 
to provide insight into an understanding of that problem. 7 
“This was done not only to stress the purpose and signifi- | 
cance of pertinent studies that bear on these matters but, | 
more important perhaps, to provide a conceptual | 
framework for possible future investigations in this chal- | 
lenging and most important area of the scientific en- | 
deavor.”’ — From the Preface 
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structure is emphasized throughout the three parts: Fundamental 
Properties of Nuclei, Nuclear Models; Alpha Disintegration and 
Fission of Nuclei. 
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HALVOR N. CHRISTENSEN 





(University of Michigan} 


Biological Transport 
Second Edition completely revised, enlarged, and reset 


With contributions by Dale L. Oxender and Gunnar Ronquist 
End 1974, xx, 514 pp.. illus.; 


hardbound, ISBN 0-805-32251-5, U.S. $19.50 


An up-to-date presentation of central aspects of molecular Jrans- 
port across biological membranes is now available in this com- 
pletely revised edition. The parallel subject of group translocation 
is discussed. Here is a critical guide to the original literature for 
use by the advanced student of biosciewce (biophysics, tyochemis- 
try, physiology). Investigators in these subjects and in microbiol- 
ogy, physiology, pharmacology, genetics, and other researchers 
working on membrane and transport will find the volums ¢f spe- 
cial interest. 


CONTENTS 


A Survey of the Scope of the Problem of Transport ¢ Membrane 
Composition and Structure @ Thermodynamic Aspects of Trans- 
port @ Kinetics in Transport @ Effect of Solute Structure on Trans- 
port @ Genetic Approaches to the Study of Transport Systems by 
Dale Oxender @ Binding Proteins and Transport @ Group Trans- 
location © Structurally Bound Adenosinetriphosphate- 
Phosphohydrolase of the Animal Cell by Gunnar Ronquist © 
Transport in the Mitochondrion ¢ On Mechanism and Energy 
Jransfer in Transport: Some Provisional Models ¢ Effects of 
Transport on Distribution of Ions and Metabolite Transport ¢ 
Development and Regulation ¢ Some Practical Considerations of 
Techniques in Transport Studies @ Appendices: Terminological 
Considerations; Correction for Nonsaturable Migration? Ilustra- 
tion of Preparation of Solutions @ References; Author Index; Sub- 
ject Index. 













| Transiated by D. H. FOWLER from the French edition, 
| updated by the author 

| CONTENTS: 

| Introduction ® Form and Structural Stability # Structural 
| Stability in Mathematics ® Kinematic of Forms; Catas- 
-trophes @ Elementary Catastrophes on R‘4 Associated 
| with Conflicts of Regimes @ General Morphology @ The 


| Dynamic of Forms è Biology and Topology © Local 


| Models in Embryology @ Global Models for a Living 
| Being (Metazoa) @ Models in Ultrastructure @ The Basic 

Problems of Biology è From Animal to Man; Thought 
| and Language @ Mathematical Summary and Index. 

| November 1974, about 400 pp., illus., 

| hardbound, ISBN 0-805-39276-0, approx. U.S. $22.50; 

| paperbound, ISBN 0-805-39277-7, approx. U.S. $13.50 
| Review of original, French edition:* 

| “R is impossible to give a brief description of the intellec- 

_ | tual impact of this book. In one sense the only book with 
| which it can be compared is Newton’s Principia. Both lay 


JULIAN SCHWINGER 


(University of California at Los Angeles} 


Particles, Sources, and Fields [in 3 Volumes; 
Volume 2: Electrodynamics 


Here is the definitive statement of modern quantum elec- 


| trodynamics. The topics discussed range from vacuum 


| polarization, in a variety of applications, to the hyperfine 
| structures of positronium and muonium, with occasional 
| excursions into nuclear and high-energy physics. Based-as 
it is upon the conceptually and computationally simple 
foundations of source theory, little in the way of formal 
mathematical apparatus is required, and thus most of the 
| book is devoted to the working out of physical problems. 
| All essential details are explicitly presented in these dis- 
| cussions. This book will be of interest and value to 
| graduate students in all branches of theoretical physics, to 


MURRAY SARGENT Ill, MARLAN O. SCULLY, WILLIS E. LAMB, JR. 


(University of Arizona} 


Laser Physics 


| This volume treats the interaction of radiation with matter 


oe } paying particular attention to the laser. Because existin g 
| laser media are intrinsically quantum mechanical and are 
| Most easily studied with the quantum theory, this book not 


only uses quantum mechanics but enlivens the reader’s 
understanding of the subject as well. Asa result the mate- 


{ tial constitutes a viable, applied alternative for the usuale 





RENE THOM 


(institut des Hautes Etudes. Bures-sur-Yvette, France} 


Structural Stability and Morphogenesis 
An Outline of a General Theory of Models 


} second and third semesters of quantum mechanics. The 




















out a new conceptual framework for the understanding of | 
nature, and equally both go on to unbounded speculation. | 
From Newton’s book, as Truesdell says, ‘our forebears 
learned how to use the concept of force given a priori’; 
and there can be no doubt that from Thom’s will come an | 
elaboration which will allow our children to use more | 
precisely the concept of catastrophe that he introduces. | 
Almost all of the speculation in the Principia has turned | 
out to be hopelessly wrong, though it would be hard to say | 
to what extent this prevented its being useful at the time. | 
So the criterion for Thom’s speculative applications must | 
come from their stimulating character, without trying to | 
prejudge their correctness. 


IN VAC V 


“An English translation is promised. . . but the reader is | 
advised not to wait so long to acquaint himself with a 
major intellectual advance of the century.”’ 


C. W. Kilmister, The Times 
Higher Education Supplement 30.11.73 
ISBN 0-805-39629-2, U.S. $28.00 | 


atomic, nuclear and high-energy physicists, to mathemati- 
cians concerned with physical applications, and to | 
philosophers and historians of science. 


Volume 2, December 1973, 480 pp., hardbound, | 
ISBN 0-201-06783, U.S. $18.50 


Volume 1, 1970 (Particles, Sources, and Fields), 
vi, 425 pp., hardbound, | 
ISBN 0-201-06782, U.S. $16.50 | 


A\Aact | decom OO she 


Volume 3 (continuing coverage of Electrodynamics; | 
Partial Symmetry), in preparation | 


reader will obtain from this presentation not only an in- | 
ecreased understanding of the laser, but a more profound 
«omprehension of many-system physical phenomena as | 
well. 
Ready Fall 1974, about 400 pp-¢ illus.; 
hardbound, ISBN 0-201-06718-8, c. U.S. $22.00; | 
paperbound, ISBN 0-201-06719-6, c. U.S. $13.50 
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The recent general strike organised by the Ulster Workers’ 
Council took place during the examinations. During the 
fortnight it lasted, 12,464 examination seats were to have been 
occupied. Only 35 were vacant because of the strike. On the 
day, May 20, on which travel was most rigorously curtailed the 
corresponding numbers were 805 and 8 respectively. Some 
candidates had to walk long distances; some were under severe 
strain. Contrary to expectation, however, the general level of 
performance does not seem to have been lowered. 

By ill luck, the printing of the question papers, delayed by the 
three-day week imposed because of the miners’ strike, had not 
been completed when the Ulster Workers’ Council strike was 
decreed. For a few papers, manually operated typewriters 
had to be used to cut stencils and these had to be run through 
manually operated duplicators. That | should mention such a 
prosaic affair is itself a revealing final comment. 

I thank numerous colleagues for their generous help. Pro- 
fessor F. J. Smith, Director of the Queen's University of 
Belfast Computer Centre, provided information on the rise of 
computer power. 
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Belfast, 1974). 
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1970, 708 (Publishing Services, United Nations, New York, 
1971). 
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Contrasting styles of social responsibility 


John Hall 


gu 


Social responsibility in science manifests itself in com- 
pletely different ways in Britain and the United States. 
In Britain the emphasis is on words, whereas the Ameri- 
can approach is based on deeds. 





A pIVERTING and not entirely misleading illustration of 
Old World and New World attitudes to social responsibility 
in science and technology is contained in the following two 
exchanges. The first features Art Tamplin, one of four 
resident scientists engaged by the Natural Resources Defense 
Council (NRDC) in the United States, who, when asked 
what his agency is doing as protector of the environment, 
reaches for a list summarising 100 lawsuits and related 
activities undertaken by 14 NRDC lawyers during the first 
four years of its existence. 

The second exchange takes place at Fortress House, 
Savile Row. home of the 150-year-old British Association 
for the Advancement of Science (BA), where the avun- 
cular Secretary and sometime television personality 
Magnus Pyke throws up his hands and exclaims that one 
must be truly ignorant if one does not know already about 
the association’s activities in the region of social respon- 
sibility. He then lists categories of BA activity, which 
include a meeting of members in Scotland, meant in some 
sense to introduce science to the nation, the consideration 
by members of the effects of science on the body corpor- 
ate, and the organisation of working parties in which 
experts consider specific problems. 

But earnest consideration apart, one asks, what is the 
BA actually doing, for example, in the area of environ- 
mental protection? Two or three operations are going on, 
concedes Secretary Pyke, centred on universities, and 
employing the services of groups of schoolboys acting as 
‘information agents’. What does this involve? “Welf, they 
can run out and collect sediment, and seaweed, and so on. 
Rather like winning battles with the Pioneer Corps.” 


Contrast . $ 


The comparison is not made in an uncharitable spirit, but 
simply to offer broad paradigms of British and, United 


States responses to similar problems. In Britain the 
tendency is first to define and discuss the problems, possibly 
(but not necessarily) hazarding recommendations, after 
which one might publish abroad the findings of one’s 
working party in the hope that somwhere in the course of 
the democratic process attention will be paid to the 
deliverances of one’s eminent panel. Actively engaging a 
problem, head on, is not a popular tactic. The favoured 
approach assumes that the good sense and standing of the 
working party’s members is recognised outside their 
academic sphere of influence by, say, an Energy or 
Environment Minister, who on the one hand might have 
read politics at Ruskin and on the other might have 
flunked classics at Balliol. 

In America a socially concerned science group is more 
likely to reach for its lawyers or take a government agency 
by the throat as a first line of defence against malfunctioning 
technology; education, study-group organisation and 
publishing are likely to constitute a continuing but second- 
ary strategy. The Old World approach is to deal with 
conundrums raised by the possibilities of new science; the 
New World’s is to regulate its confrontations. 





© 
Art Tamplin, Gus Spech, and Tom Cochrane (NRDC) 
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The self-help ethic and frontier spirit aside there are 
good business reasons for the different tactics: in the 
United States there are six or seven times as many lawyers 
as in the United Kingdom, and a contingency fee system 
which allows them to take something like 25 per cent of a 
client’s damages if they win, and nothing if they lose. 
Since no similar sporting arrangement is allowed by the 
British legal establishment, there is little incentive for 
pressure groups and lawyers to join forces; over here the 
barristers can afford to win or lose, and their clients can’t 
afford to do either. 

This is not to say that the British system of organising 
committees to make sage deliverances is ineffective: but 
Since the main agencies operating in this fashion deal with 
generalised and long term problems rather than with 
questions of specific and immediate concern, there is less 
chance of establishing a casual link (or absence of a link) 
between the group’s activities and the eventual policy line 
directed by the government of the day. Thus, if Professor 
Bodmer's working party on Social Concern and Biological 
Advances says, through the agency of the BA, that the 
government should be prepared to act in order to prevent 
the abuse of research on in vitro fertilisation, it is difficult 
for them to claim credit when the government does just 
that. It is not a singularly original recommendation to 
make in the first place, but even if it were, the working 
party could scarcely claim a copyright on the idea. The 
NRDC and the Scientists’ Institute for Public Information, 
on the other hand, can quite clearly claim that the 
Atomic Energy Commission's $5 billion liquid metal fast 
breeder reactor programme was brought to a standstill 
because of their objections: the Court of Appeals register 
for the District of Columbia says so. 

The BA deliberately avoids such hand-to-hand combat 
and the taking of partisan lines on issues of the day. As 
Dr Pyke points out: “We're against instant wisdom, When 
somebody has just read about something in the paper this 
week, and they’re marching down the street with banners 
on the subject, usually they’re wrong, and puerile. The 
BA’s approach, and indeed its main usefulness, is to make 
plain the issues and the facts of the issues; we’re in the 
communications business.” And the reason why it’s wisest 
to present facts rather than taking sides, says Dr Pyke, is 
that a group of scientists is rather like the criminal classes, 
in that it represents a broad cross section of the community, 
with every variation of opinion and foolishness that this 
implies. “I've seen so many scientists make asses of them- 
selves on their own time; there’s no reason why they 
should do so on behalf of the BA”, says the Secretary. 

Accordingly, although the BA may set people to work at 
issues of concern to society—like the uses made of scientific 
innovations by the police, or the ethical and legal problems 
of biomedical advances—the combined pressures of arriving 
at a consensus, and of not ‘taking sides’ can result in findings 
which are unexceptionable to the point of being platitud- 
inous. After studying police methods for recording and 
computer-banking information about individuals, a working 
party will say that “serious thought needs to be given to 
people’s attitudes to the recording of information by which 
they can be identified”; or after studying the complex 
problems surrounding AID births, that “the status of 
children conceived through artificial insemination by 
donor needs to be legally defined”. My milkman might 
have reached the same conclusions while sorting his change. 


Influential ° 

The only British group of any standing which goes gunning 
for issues of immediate public concern is Parliament’s own 
Select Committee on Science and Technology, an all-party 
committee which, although it can do no more than call 
witnesses and make recommendations, has proved im- 
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menscly influential, not to say embarrassing, in the formu- 
lation of official policy on energy. Unlike some 
parliamentary committees, the science and technology group 
is not confined to a limited area of study; it has an open 
brief to investigate and report on whatever topic it thinks 
fit, and so it can offer a forum for all shades of opinion on 
issues which are the subject of imminent governmental 
action if it chooses. 

This is exactly what it did when it heard last year that 
Mr Heath’s government was strongly in favour of Ameri- 
can light water reactors for the next generation of nuclear 
power production in Britain. By summoning its own series 
of expert witnesses it provided, in effect, a second-chamber 
debate on the issue. For although the only exchanges were 
conducted between each witness and the committee, the 
publicity given to the hearings encouraged witnesses to 
refer to the evidence of others, so that the proceedings 
developed very much along the lines of a debate. 

The chief advantage that the select committee has over 
other social responsibility groups is that it has the full 
powers of Parliament “to send for persons, papers and 
records’. In other words, if the select committee calls, 
you've simply got to attend, and when you're there you re 
obliged to talk. The practical difficulty the committee 
members face, of course, is knowing who has something to 
say, so that he can be summoned and obliged to say it 
publicly. During the nuclear reactor hearings, for example, 
Sir Alan Cottrell didn’t actually step up and volunteer the 
information that he had doubts about the pressure vessel 
integrity of the American hardware. But a whisper was 
heard to this effect and he was invited by the select 


Dr Jeremy Stone 
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committee to make public his reservations. Possibly they 
would have been expressed through departmental channels 
in the normal course of events, but if the select committee 
had not had its ear to the ground so that the vital evidence 
could be made public at a fairly crucial point in the 
debate, the outcome might have been less certain. 

A further strength in the select committee’s dealings is 
that its evidence is privileged. So, if you're called, say, to 
give expert evidence as an employee of the electricity supply 
industry, you can say with impunity precisely what you 
think about the way supply industry chiefs are running and 
planning the industry. For some witnesses, coercion to give 
evidence of this kind is a positive pleasure. 

During the seven years of its hearings the select 
committee has helped to force the government’s hand on 
various issues (including the creation of British Nuclear 
Fuels, the establishment of the National Nuclear Corpora- 
tion, and the creation of a department dealing with popu- 
lation problems), and it has established itself as an irksome 
pressure group which it would nevertheless be difficult for 
any government to dismiss. It has had to walk the fine line 

etween pricking a government’s conscience and actually 
challenging its authority. Its overall aim, according to 
its Chairman, Arthur Palmer, is “to do solid work but not to 
take so long that our conclusions are out of date before 
they’re reached, while at the same time not following 
fashionable issues to the extent that were not taken 
seriously.” 

The remaining British groups lack both the Parnassian 
elevation of the BA and the exceptional powers of the 
select committee. Broadly, they concern themselves on the 
one hand with the ethical possibilities of new technologies, 
and on the other with fostering grassroots involvement to 
defend the proletariat against developments seen as harm- 
ful, and with the radicalisation of scientists to assist this 
counter-offensive. The first category is represented by 
groups like the Council for Science and Society (CSS) and 
the Science Policy Foundation (SPF), which operate a 
traditional learned working party/publishing machinery; 
the secondary category (unless you include broadly based 
groups like Friends of the Earth) is represented by a single 
body, the British Society for Social Responsibility in Science 
(BSSRS), which relies on a combination of proselytising and 
missionary expeditions. It is difficult to say which category is 
the least effective, since the groups variously claim that they 
deal in unquantifiable forces (ethics don’t measure), they are 
relatively new (nothing to measure yet), or that worker 
involvement may in itself be progress, although its specific 
campaigns have been abortive (radicalisation doesn’t 
measure). 


Practical men 


The Council for Science and Society was formed last year 
with the object of “promoting the study of and research 
into the social effects of science and technology, and of 
disseminating the results thereof to the public”. A registered 
charity funded with £80,000 over three years from the 
Leverhulme Trust, its 43 members include the clutch of 
Fellows of the Royal Society whose eminent names are 
virtually de rigeur on councils of this kind, along with 
assorted lawyers, industrialists, moral philosophers, theo- 
logians and ‘others’. The essential distinction between the 
functioning of the CSS and the BA, according to the 
council’s moving spirit Paul Sieghart, is that the council 
operates with “men concerned with practical affairs”, 
whereas the BA (Bodmer’s group excepted) tends to think 
that a body of scientists can supply the answers. The 
founding of the council followed the, publication in Nature 
of a paper by an inter-disciplinary working party con- 
vened by ex-mathematician and lawyer Sieghart to con- 
sider the scientist’s social responsibilities. He was inter- 


ested in the interfaces between the disciplines of theoretical 
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ethics and science—the areas where controlled experiments 
were out of the question—where, he says, it seemed that a 
gap was developing into which mankind might fall and 
which he was concerned to bridge. His working party felt 
that diffuse debate on the subject could be brought into 
sharper focus, and, to quote its literature, it sought to 
analyse what were the special social obligations of the 
scientists, and to devise some practical means for dis- 
charging them. 

Its conclusion was that the primary need was for 
institutional machinery designed to identify problems in 
the field before they became acute, to stimulate well in- 
formed debate about them, and thus increase the time span. 
for social decision making by the usual political process. 
Accordingly, the council is not a decision-making body, 
neither does it intervene in topics already well debated, or 
so far away as to border the realms of science fiction. In- 
stead it “seeks to identify specific developments in science ee 
and technology whose social consequences lie just over the 23 
horizon, where no full scale debate has yet begun, but 
where intensive analysis of the actual and probable ‘state 
of the art’, and of the forseeable social consequences Can 
suggest a range of possible responses to those who will 
sooner or later have to take the necessary decisions”. 

Currently, working parties are discussing the standards 
to be applied and the procedures for applying them, in 
weighing ‘acceptable risk’ against anticipated benefits from 
new technologies; the use of surgical, pharmacological, 
psychological and other techniques for the control of in- 
dividual behaviour deemed to be harmful or deviant; ‘the 
problems involved in the development and use of ‘harmless’. 
weapons for the control of civil disorder; the problems: 
posed to successful communication by the rapid growth in 
the volume of published technical information; the social _ 
and ethical implications of the nonclinical use of mood- = 
control drugs; and the problem of monitoring technologies 
in those instances where technical competence is mono- 
polised by a small number of institutions committed to the 
same interest. l 

The CSS will publish reports on each of these studies, 
outlining expected advances in the forseeable future, the 
range of social consequences likely in the absence of 
controls, and the control mechanisms available if the con- 
seguences are to be modified. The overall aim is to 
arrive at an appropriate response “in the course of a 
responsible public debate conducted at leisure on the best 
information available, rather than by the hurried, ill in- 
formed and ill considered process which is apt to occur 
if the public does not become aware of the problem until 
too late in the day”. Additionally, CSS makes itself available 
to government departments for advice, and apparently the 
appropriate departments have availed themselves of this 
facility already. On what issues? Confidential issues. Also, 
the council is available as confessor to scientists who have 
qualms about research projects they are working on. So 
far there has been one taker. On what issue? A confidential 
issue. The CSS probably has a rosier future than the BA in 
this area, because it engages younger, brighter people from 
mixed academic backgrounds, but for the moment there iS 
nothing to measure but high intentions. 












No criteria 


The Science Policy Foundation (originally the Science of 
Science Foundation) has been operational since the middle 
1960s, and has a similar difficulty in identifying its achieve- 
ments, although in this case the claim is that there are no 
criteria for measuring the stock in trade: ideas, ethics, | 
speculations. One thing abundantly in evidence at the — 
SPF is a plethora of publications and eminent signatures in 
the gest book which also bears menus recalling the meals 
at which these eminents have taken their pleasures. The 
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Dr Jeremy Stone, outside the new headquarters of FAS 


SPF looks like a one-man band, orchestrated by a former 
UNESCO science editor and Reynolds News writer. Maurice 
Goldsmith (although in fact he is answerable to a manage- 
ment committee). In 1964 Goldsmith was asked to edit a 
collection of articles to commemorate the 25th anniversary 
of J. D. Bernal’s Social Function of Science. The collection 
was called The Science of Science, and after publication Sir 
Laurence Bragg, no less, suggested the formation of a 
Science of Science Foundation. No sooner was this said than 
done, with Mr Goldsmith at the helm, bearing a twin charter 
to look at science and technology internally in order to 
determine what were their growth mechanisms and to study 
the impact of science and technology on people. 

To be fair, the SPF (the name changed because it became 

bore to explain the meaning of the Science of Science 
at every turn) never actually undertook to do anything 
about social impact problems other than study them. In the 
event they have studied and published. Virtually everything 
the SPF touches involves a publication of some kind, and 
none takes a distinct line on a controversial issue. This is 
because the committee of management, which is another 
list of eminent names, covers such a wide spectrum of 
political views that no unanimous line emerges. 

Two years ago the SPF set up a committee under Lord 
Avebury to take up contentious issues: the committee 
never reported. A similar committee was establishede to 
examine the Rothschild proposals for Government resea?ch 
and development; no agreed statement emerged, but the 
original report and the committee's deliberations over it 
were published, and sold. On energy*the SPF takes the line 
that there is no need for an energy policy, but d@d not 
actually discuss reactor choices; on environmental pollution 
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it has made no statement, but, says Goldsmith, no member 
of the management committee would oppose the notion 
that pollution was a bad thing. Seminar fees, cash from 
publications, grants and donations roll in to the tune of 
£15,000 to £20,000 a year, and the prestigious dinner 
parties are entered in the book. “We do good by stealth,” 
says Director Goldsmith, confiding that Cabinet Ministers 
receive “behind the scenes advice” at tables. where one 
may also find representatives of “key institutions’, dis- 
cussing things “pretty freely and off the record”. 

As a result of one tête à tête with Peter Walker (then 
Secretary of State for the Environment), Goldsmith and his 
colleagues at SPF were introduced to D. J. Lyons, Director 
General of Research Department of the Environment. and 
SPF was awarded the contract to publish the department’s 
register of current research in the United Kingdom in the 
fields of town and country planning, environmental 
pollution, transport, building and construction. Not an 
insubstantial volume, but, says Mr Goldsmith. a non-profit 
making one. 

Among the SPF’s committees is one whose brief is to 
look at the foundation’s terms of reference. with power to 
recommend that it be wound up if it is no longer a meaning- 
ful institution performing a useful function. The committee 
has never made such a drastic recommendation. although, 
says Goldsmith, if that’s the way they feel, he hopes they 
will take the step. He adds that he doesn’t expect this to 
happen while he is director. 

The British Society for Social Responsibility in Science 
was formed at the Royal Society in 1969, with 40 Fellows 
among the founder members and a policy statement to 
which, it was said, the director of Porton could scarcely 
have objected. Most of the Fellows began to look worried 
when at the BA’s 1970 meeting, the younger membership 
mounted a militant demonstration against British Army 
methods in Northern Ireland. A sort of Hippocratic Oath 
about scientists’ moral responsibilities was taken by some 
members, and adopted as policy. Since then the society has 
agonised somewhat over its role and its political stance, and 
has emerged with a philosophy which says that moral oaths 
are pretty meaningless in a capitalist society, and that 
science is not simply a neutral body of knowledge, but a 
potent weapon for those who control it. 

The abuses of advanced technology are not accidental. 
but spring from the nature of our society, says the BSSRS. 
Scientific and technical knowledge is “an important source 
of power, but only large institutions have the resources 
needed to exploit it. Advanced technology is used by our 
major corporations to create demand for new products, 
consumer or military. The government ensures, by economic 
management or direct intervention, that a market for these 
products will be found. Thus science is used directly to 
increase the power of the already powerful and frustrate 
the expectations of the powerless” Naturally, the Royal 
Society Fellows are thin on the ground by now, but 
nobody at the BSSRS minds all that much. since. with the 
odd exception, Royal Society Fellows were found to be 
unwilling to do much more than lend their names to 
letterheads. 

In terms of hard cash and administrative 
BSSRS looks distinctly shaky; its original Rowntree grant 
of £3,000 is almost spent, with no likelihood of renewal: 
membership stands at no more than 700 or 800: the 
society exists by courtesy of a largely part-time staff; and 
thee £2,000 which it receives each year from endowments 
can be used only for educational purposes. Its office. also 
owned by Rowntrees, may not be available for much 
longer, and the work force is thinking of running the 
society*as a collective? And yet these straightened circum- 
stances, which might be the kiss of death to a traditional 
seminar/publishing-based body, organised on a centre- 
perfphery administrative model. are less likely to kill a 
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loosely structured organisation like the BSSRS. It aims to 
develop an understanding of the social roles and functions 
of science and technology among people who do not nor- 
mally expect to be consulted on such matters—the workers 
to whom its magazine Science for People is addressed— 
and its existence depends more on a network of grass-root 
operations than the survival of a central secretariat. 

Already BSSRS scientists work in a consultative capacity 
with shop stewards’ committees, mainly on issues like the 
toxicity or noise pollution of industrial processes—the 
strategy is to encourage people affected by technological 
nuisance to confront the problem themselves, with BSSRS 
supplying scientific expertise which the workers lack. They 
precipitated a strike by members of the National Union of 
Mineworkers over air pollution at a Coalite plant in Don- 
caster, action by a tenants’ association attacking the plant 
responsible for the famous Battersea smell, and a strike 
by postgraduate workers at Edinburgh University which 
resulted in the raising of demonstration fees. 

Urban collectives operate in Sheffield and Edinburgh, 
and autonomous BSSRS groups are active in half a dozen 
universities, beavering away at another favourite proposition 
of the society—that a non-elitist general education must 
emphasise the social implications of science and technology, 
and break down their isolation from other studies. All in 
all, the BSSRS might not be able to claim many success- 
ful campaigns against industry, but it can claim to have 
kindled community involvement, which is a success in 
itself, and it can only be a matter of time before its activi- 
ties attract a grant from the Trade Union Congress. 


Wide choice 

In the United States there is an embarrassment of riches in 
the field of public interest science. An entirely arbitrary 
selection from the groups operating out of Washington 
yields the following bodies: 

The Center for Science in the Public Interest (CSPI) 
operates a community involvement programme with aims 
similar to those of the BSSRS: the only difference is that it 
is more professional and more successful. The strategy is to 
introduced aggrieved citizen groups to experts capable of 
putting the finger on suspect planning decisions or industrial 
processes, Jointly with the public interest Economics 
Foundation, the CSPI has organised Professionals in the 
Public Interest, and come up with a meteorologist who 
helps groups to study air pollution from highways and 
power plants, an environmental engineer who is coordinating 
a survey of asbestos used in various consumer products, 
economists making evaluations of plans for interstate high- 
ways and cost/benefit analysis of public utility proposals, 
and a committee of scientists supplying community organi- 
sations with information on food additives. 

The CSPI also has a healthy record running from as- 
bestos to waste oil disposal, a list of 16 congressional and 
judicial testimonies last year, 48 administrative actions 
and requests, aimed at government agencies and individual 
senators, and two lawsuits, one requiring the Environmen- 
tal Protection Agency (EPA) to reveal gasoline additives 
under the Federal Clean Air Act and the other attacking 
the EPA on asbestos, beryllium and mercury emission 
standards. Eleven major companies are opposing this 
action. The center’s report on aerosols is thought to have 
cut market growth in that industry from 10% a year to 
24%, 

This programme has been managed by a full-time staff 
of eleven, working for an average of $360 a month, and 

a small army of volunteers. The CSPI started in 1971, with 
a staff of three working from a bofrowed desk in the Oil, 
: nical and Atomic Workers’ office, and a budget of 
300 for the year. In 1972, the figure rose to $19,600; 
73 to $39,600 and for the first nine months &f*this 
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year to $72,600. Half of this money comes from th 
of publications and reports, the rest from foundation 
donations. 

Strategies, selected for the individual requirements 
problem, include the in-depth report, litigation, pam 
eering, citizen organising and what is known as the 
fessional informational approach. Latest. successes inc 
an investigative report, a ail, on the pow TO 


nate these confici of interest. The Ea ais 
organise a citizen’s energy conference in 7 ston 
for 1,000 citizen activists from 47 states to develop str ate- 
gies for increasing citizen power in the decisions: on the 
uses and costs of energy resources. Ns 
The Federation of American Scientists (PAS) was 
founded in 1946 as the Federation of Atomic Scientist 
and is the country’s only scientific lobbying body. . It 
a staff of three, eminent sponsors who include. 29 
Laureates, and a membership of 6,500 lawyers 
engineers and scientists whose membership fe 
to $90,000 of ‘hard’ money annually. ‘Hard’ , 
exempt, but not deductible, and so it ¢ 
lobbying, whereas the ‘soft’? kind can on 
education and publicity that does not attempt to 
legislation. The FAS tradition of lobbying started i 
when its briefings of congressmen helped to ensure 
control of atomic energy. More recent successes. h 
cluded an important role in holding up the builc 
antiballistic missile system, and pioneering wor 
promotion of scientific relations and exchanges be 
the United States and China (the People’s Republic 
iS). 











Through its Director, Jeremy Stone, the FAS bu 
holes congressmen, gets them to listen to informed sci 
fic opinion, and testifies at hearings. Its tax-deduc 
subsidiary, the FAS Fund, engages in research and ed 
tional functions, including the publication of a _ 
Interest Report which has taken strong lines on SA 
electronic eavesdropping, national science policy, reseai 
and development priorities, the Geneva Protocol on 
logical and chemical weapons, and the rights of Sovie 
scientists. 

Stone (son of I. F.) has just toured the States trying to 
raise $1 million from a few rich men in order to endo 
positions for three scientists, probably retired professors 
to develop FAS staff expertise in the areas of environ: 
energy, medicine/public health, and development/popu 
tion/food supply. According to the FAS the legislature 
hearings, although the heart of a publicly accessible debate 
over science and society issues, are often unattended 
by the press. and important laws get on to the books before —__ 
alarms can be raised. The three new men will have the job 
of keeping an eye on such hearings, and making prompt 
reports, apart from providing briefings in their special 
fields at regular intervals. 

The FAS, which calls itself the voice of science on Capi- 
tol Hill arranges two-way information exchanges between. 
politicians and scientists, feeds congressmen’s aides with 
intellectual grapeshot for scientific debates, and generally 
fixes things so that legislators do not make policies in 
areas whose workings they do not fully understand, with- _ 
out being fully aware of the alternative consequences, “We 
take positions on which reasonable men can hardly differ 
savs Stone. “We can’t take eccentric lines; when 
gSing to Congress you’ve got to find the least 
denominator”. 

The Natural Resources Defense Counci 
budget this year of £1,845,000. It employs. fo 
scienfists and 14 lawyers. It is four years ol 
staff of 60 people working from headquar 
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York, Palo Alto and Washington. It is the largest and 
most effective environmental law agency in America, and 
was founded to provide legal counsel to citizens and orga- 
nisations seeking to protect the environment: to take legal 
action to protect the environment on its own initiative; to 
monitor the performance of government regulatory agen- 
cies whose activities affect the environment: and to en- 
courage the legal profession to play a greater role in 
defending the environment. 

In deciding whether or not to help citizen groups to 
find legal redress beyond their means in order to protect 
the environment, the NRDC uses two criteria: first: that 
the potential for establishing a legal precedent exists, and 
second, that without the NRDC’s help, some valuable or 
unique environmental resource will be destroyed. Through 
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its recent actions it has saved for the time being much of 
the country’s existing system of railroad track through a 
test case against the Interstate Commerce Commission, 
blocked the Atomic Energy Commission's liquid metal fast 
breeder reactor programme, forced the EPA to issue its 
Standards on atmospheric lead standards, won a decision 
which challenged the clear-cutting of trees, sued to change 
the utility rate structures favouring big industrial users 
(granted by public utility commissions), opposed strip 
mining, offshore oil drilling and noise pollution in cities, 
and successfully petitioned the EPA to stop the use of 
four lethal poisons used by the Fish and Wildlife Service 
for predator control. To understand the full weight of the 
NRDC’s effort you have to read the book listing its legal 
actions. 








Murder involving discovery and first application 
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Details are given from a murder investigation in which the 
fluorescence of tyre prints was discovered. The prints 
enabled the tyres and the vehicle in which the body was 
carried to be identified and fluorescence spectroscopy 
demonstrated a correlation between the fluorescence of 
one of the tyres and the corresponding print. Circumstances 
Javouring the formation of fluorescent prints and the 
importance of the technique for forensic science are discussed. 





PART of the evidence for the prosecution in a recent case of 
murder arose from the discovery by the investigating police 
officers of a set of fluorescent tyre prints. In our view the 
discovery will initiate developments of widespread significance 
to forensic science. We wish to describe, therefore, the cir- 
cumstances of the case so far as they bear on this striking and 
hitherto unrecognised phenomenon. 

The pertinent facts established in the enquiry, and subse- 
quently accepted by the defence were that on the evening of 
Saturday, July 7, 1973, a Mini Estate vehicle, apparently 
deliberately set ablaze, was discovered in a field off Glasshouse 
Lane on the outskirts of Kenilworth. Immediate enquiries 
revealed that the owner was a local person, whose elder son, 
last seen that morning, proved to be missing. The son’s bed- 
room and other parts of the house were heavily bloodstained. 
The investigation was therefore pursued as a case of murder, 
to be justified 5 days later in the discovery of the youth’s body 
on a rubbish tip. 

The parents of the youth had left home early that Saturday 
morning. At 0730h his younger brother was collected by a 
John Lees, who employed youths at weekends to assist in his 
work as a driver and labourer for a building company. Lees 
took the younger son to a building site, gave instructions on the 
work, and returned to the house, where he battered the seill 
sleeping elder son to death. The body was rolled in the bed sheets, 
removed downstairs to the garage and into the family’s Mini 
Estate vehicle, which was driven to a building site at Albion 
Street. Lees parked the car in number five of a newly completed 
and cleaned row of garages which he had worked on. That 
evening he drove to the tip, dumped the body on the tip face, 





and covered the body with rubbish. He finally left the car 
ablaze in the field off Glasshouse Lane, and departed from the 
area. On his return 1Odays later he was arrested, and subsequently, 
on January 21, 1974, at Birmingham Crown Court, pleaded 
guilty to the murder. He was sentenced to life imprisonment. 

Our report concerns the Albion Street garage. Three days 
before the discovery of the body, when the movements of the 
car and any connections with Lees were crucially important 
matters, a bloodstained axe and a mutilated wallet belonging 
to the deceased were found close to the garages. There followed 
an inch-by-inch search that revealed in garage number five a 
small oil spot at the point expected had a front-engined car 
been reversely parked there. The oil proved to be largely 
Duckham’s 20W/50, matching by thin layer chromatography 
and by fluorescence and infrared spectroscopy, oil from the 
Mini Estate. Otherwise, nothing whatsoever remained on the 
apparently featureless concrete garage floor to identify or 
to indicate even vaguely the type of vehicle that had evidently 
stood there. 

It was decided that the floor should be examined in ultraviolet 
light. This was done with an Allen’s portable lamp, emitting 
mainly at 366 nm, operated from a 12 V battery. Four brightly 
fluorescing tyre marks were revealed. (Figs 1 a and b). The 
precise definition of the marks enabled accurate measurements 
to be made that indicated, for the car concerned, a front track 
width of 122 cm, a rear track width of 117 cm, and a wheel 
base of 213 cm. Only Mini Estate vehicles correspond in these 
dimensions, for which the manufacturers quote 121, 116, and 
214 cm respectively. The tread patterns reproduced in the marks 
are unquestionably of Goodyear G800 tyres at the front, and 
of Kelly Springfield KRI tyres at the rear. The burnt-out 
Mini Estate carried these makes of tyres in the same positions. 
These results, together with the matching oil samples established 
a vital link in the chain of evidence. 

Part of the front near-side mark and samples of nonfluores- 
cent concrete were chipped from the floor and removed to the 
laboratory. Before the @xamination of this material, however, 
experiments were made to determine the origin of the effect, 
which, it was found, can be readily demonstrated. When a 
tyreei® contacted with a strip of polyester-backed thin layer 
chromatography adsorbent (silica gel or alumina) for periods 
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of as little as 3 min, fluorescence appears at all contact points. 
The fluorescence is blue-green in colour (with excitation at 
366 nm), varies slightly in shade between different tyres and 
adsorbents, increases with time and pressure of contact, 
and reproduces the tyre pattern in detail. Analysis of the fluores- 
cent material (by chromatography on the adsorbent in situ by 
spectrofluorimetry in situ, and by the latter technique and by 
spectrophosphorimetry after solvent extraction from the 
adsorbent) indicates that the fluorescence is caused by the 
transfer of extender and process oils, antioxidants and poly- 
nuclear aromatic hydrocarbons from the tyre rubber to the 
adsorbent. All these factors vary with the make and the use 
of the tyres (J. B. F. L., unpublished) but the fluorescence 
originating from most tyres in current use is caused mainly by 
extender oils. 

Figure 2 compares spectra from chloroform extracts of 
prints from a selection of tyres (Fig. 2a). The spectra, partly 
quenched by this solvent to increase the detail resolved, were 
synchronously excited at an interval of 30 nm (ref. 1). The 
sensitivity of our equipment to ultraviolet fluorescence was 
low and therefore the emissions recorded are those occurring 
mainly in the visible region. The spectra clearly demonstrated, 
however, the extent to which fluorescence can vary with the 
originating tyre. 

The nature of the receiving surface determines the intensity 
of the fluorescence obtained. Level, fresh adsorbent surfaces, 
concrete or brickwork, for example, have exhibited distinguish- 
able prints within a contact time of 8 min. On soiled or aged 
surfaces, or where tyres have been in repeated contact, no 
distinguishable fluorescent prints are formed. Repeated contact 
either produces a diffuse area of fluorescence, or transfers so 
much ultraviolet absorbing material that all fluorescence is 
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Fig. 1 a, Tyre print fluorescence, rear offside position at the 
Albion Street garage; b, tyre print fluorescence, front offside 


position at the Albion Street garage. Mlumination in both cases 

was with an Allen’s 12 V battery operated ultraviolet lamp. 

Photographed with a 35 mm single lens reflex camera fitted with 

a Wratten 8 filter on FP4 film exposed 600s at f/5.6 and devglgped 
in Acutol. 
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Fig. 2 a, Synchronously excited (30 nm interval) fluorescence 
emission spectra of chloroform extracts from prints, on silica 
gel, of various tyre samples: A, Michelin X; B, Goodyear G8 
remould; C, Goodyear G8; D, Pleak remould. 6, Synchronously 
excited (30 nm interval) fluorescence emission spectra of chloro- 
form extracts of: A, nonfluorescent concrete from scene after 
contact overnight with tyre from Mini Traveller; B, concrete 
from fluorescent tyre print found at scene; C, concrete-under- 
lying that used in B; D, nonfluorescent concrete from Albion 
Street garage. 


quenched. Even so, many surfaces lie between the extremes. 
Thus, in our experience, fluorescent prints are often apparent 
in concrete-surfaced public car parks. No prints occur on 
bituminous surfaces, but many others, even of glass, collect 
material that, although not visibly fluorescent, yields fluorescent 
solvent extracts. For instance, a tyre dirt mark on paper is 
not fluorescent, but yields fluorescent solutions suitable for 
spectrofluorimetric analysis on solvent extraction. The effect 
is due to the minute particles of rubber of which such marks 
are composed (J. B. F. L., unpublished). That rubbers are 
intrinsically fluorescent has long been known, but this fluores- 
cence, which is entirely suppressed by carbon black in tyre 
rubbers, is not extracted by organic solvents’. 

The circumstances at the garage were clearly ideal to the 
observation of tyre print fluorescence. Experiments made with 
a vehicle parked in an adjacent garage indicated that within 
30 min four marks became apparent, after 1 h the fluorescence 
was considerably intensified, especially where the more heavily 
laden tyres contacted. This intensification continued over 8h 
when all the marks had become equal in intensity. No visible 
changes occurred after this time, although the continued 
transfer of fluorescent material over extended periods of time 
can be demonstrated by spectrofluorimetry of solvent extracts. 

Figure 2 also shows spectra from the material collected at 
the garage and from the corresponding tyre (Fig. 26). The top 
surfaces of the chippings from the mark were scraped to yield 
10 mg of powdered concrete, an extract of which in chloroform 
(@.5 ml) gave the spectrum shown. Further fragments of 
ncrete, from the new surface exposed, contained no fluores- 
cent material, in confirmation of the expected superficial 
distribution of fluorescence. Fluorescent material from the 
tyre was collected om nonfluorescent concrete taped to the 
tyre*surface overnight. The spectrum of the extract obtained 
is also shown (Fig. 25). 
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The excellent agreement shown in Fig. 2b between the two 
fluorescences added further weight to the highly significant 
evidence already obtained. We feel, however, that these results 
and the observations we have described will be important in 
many other circumstances. Apart from the characterisation 
of parked vehicles, examples, some already applied (J. B. F. L., 
unpublished), include the transfer of rubber from car acces- 
sories in hit and ruh accidents, from shoe soles and heels in 
scuff marks, from erasers to erasure marks, from the rubber 
debris contaminating surfaces heavily exposed to tyre contact 
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to people and articles themselves in contact, and, indeed, from 
any item liable to shed traces of rubber or fluorescent rubber 
additives at a scene of crime. 

We wish to thank Detective Inspector J. F. Bradley of the 
Warwickshire Constabulary for the photographs reproduced 
and for experiments made at the scene. 
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Professor Cotgrove discusses the view that science is not as 


objective as its adherents claim. He considers the misuse of 


science, especially the use of pseudo-science to justify 
social practices. 


RECENT years have seen a spate of critical writings on science. 
Much of this is concerned with the uses and abuses of science. 
But, some of the objections go deeper, questioning the objec- 
tivity and neutrality of science. Indeed, the Brook report to 
OECD went so far as to express concern at “the world-wide 
culture of educated youth which is deeply concerned with 
ecological perspectives and .. . could conceivably even adopt 
anti-rational views and could become more influential in the 
next decade than our extrapolations suggest 3, 


Science and culture 

A dominant theme in the attack on science is its threat to 
humanistic values. The penetration of the world views of 
natural science into contemporary culture, it is argued, has 
encouraged ways of thought which will have disastrous conse- 
quences for the future of humanity. Specifically, it is the mecha- 
nisation and mathematisation of the world view of nature which 
is attacked: “Our hypnotic enslavement to the numerical 
aspects of reality has dulled our perception of non-quantitative 
moral values; the resultant end-justifies-the-means ethics may be 
a major factor in our undoing’. Such objections in their more 
extreme forms go so far as a rejection of the primacy of reason 
and rationality and the celebration of emotion, feeling and 
unstructured spontaneity in thought and action®:®, It is with such 
objections of course that the prevailing youth culture is so 
sympathetic and which may have particularly important impli- 
cations for the future of science. 

Those who see great dangers in the implications of science for 
human values have therefore sought to bring to light the meta- 
physical and ideological assumptions implicit in modern science 
and thus to challenge its claims to special objectivity. Second, 
they have exposed the ways in which science has been used as a 
Justification and legitimation for social and political policies 
(scientism), thus negating its claim to neutrality. [t is to these 
issues that I now turn. 


Mechanistic approach to nature 

The nub of the debate is the argument that the influence, of 
natural science on culture is to reduce man to mechanign. 
Post-Newtonian physics has all too successfully exorcised the 
ghost in the machine. In place of the ‘primary’ human experi- 
ences of taste, touch, sight, sound and smell, nature is now 
explicable to modern science only in terms of matter in motion, 
or more recently, forces and fields. So, the Baconian dream of 
mastery Over nature for the “relief of man’s estate” has been 
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turned into a nightmare in which science becomes the basis for 
the dehumanising not only of nature but also of man. In the last 
analysis, mind and human personality, purposes and values. 
freedom and dignity——all are reducible to matter In motion. 
Man too, as a part of nature, thus becomes the object of mani- 
pulation and control. The mastery of nature becomes the basis 
for the oppression and repression of all that is human. 

The reaction, understandably, has been to challenge the 
hegemony of the mechanistic view in a variety of ways. A 
particularly powerful attack has emerged in recent years on 
the more simplistic positivistic views of science as being objec- 
tive knowledge independent of human judgement. Some of this 
critique stems from historians of science who have investigated 
the actual process by which new theories come to be accepted in 
science. Distinguished scientists such as Medawar and Polanyi 
have similarly stressed the crucial role of personal judgement— 
the distinctive vision of the scientist who discovers a new way 
of looking at nature—-often in spite of the facts. It is this crucial 
role of theory as a screen between the senses and ‘reality’ which 
makes science an essentially human and fallible activity, akin to 
artistic creativity in its higher reaches?!” 

Such a perspective opens the way to an exploration of the 
external factors which influence the vision of the scientist as he 
seeks to interpret the shadows dancing on the wall. Thus, for 
example, Dyjiksterhuis concludes, “The strong influence which 
Newton's religious ideas exercised on his scientific thought is 
revealed, among other things, in his belief in the existence of 
absolute space and absolute time . Compared with the 
mechanistic idea of impact as the only cause of a change in the 
state of the motion, there is a spiritual or animistic flavour about 
the idea of an incomprehensible force operating at a distance 
which does not seem out of keeping with an anti-materialistic 
philosophy of nature.” Needless to say, Newton's use of the 
concept force was strongly opposed by many of the leading 
natural philosophers of his day precisely on the grounds that it 
was an occult quality and unmechanistic (ref. 8, page 487 and 
ref. 11, chapter 7). 

As an extension of this line of argument, the objectivity of the 
contemporary mathematical view of nature is questioned by 
asking what it ts in fact that we now know about? Modern 
physics is a far cry from the attempts to understand nature in 
terms of the primary qualities ascertainable by the five senses. 
“Modern physics is not really concerned with ‘things’, but with 
the mathematical relations between certain abstractions which 
are the residues of vanished things... All we do in fact know ts 
that we read our instruments--the number of clicks in the 
Geiger counter, or the position of a pointer on a dial—-and 
interpret the signs accerding to the rules of the game...” 
(ref. 4, page 544). The ‘facts’ of nature are whatever meaning 
we can give to the readings on the dials. Or, as Bertrand Russell 
has gsyccinctly observed, the only thing we know about the 
physical world is its mathematical properties. 
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_ Such observations then are used to support two main conclu- 
sions. Firstly, it is claimed, simplistic notions of the objectivity 
of science cannot be sustained. Galileo's view that * . the 
conclusions of natural science are true and necessary, and the 
judgement of man has nothing to do with them”, is decisively 
rejected. Secondly, the limits and limitations of scientific know- 
ledge are stressed. ‘Certainty’ is bought at the price of losing 
a massive amount of information and ‘knowledge’ of nature in 
the search for mathematical models. 

Perhaps the weakest aspect of the challenge to the overriding 
dominance of the mechanistic view is its practical success, and 
the absence of any satisfactory notion of an alternative science. 
Here, the opponents of modern science turn to the recent 
history of science for examples of the way in which alternative 
views may exist side by side, each consistent with the known 
data. For example, Hesse shows that not only were theories of 
continuous action and action at a distance both equivalent in 
form and identical in experimental content, but both contri- 
buted to advances in electromagnetic theory (ref. 11, pages 
216-222). It is argued too that alternative ‘organic’ views of 
nature have had some success in science. In the eighteenth 
century the divide between science and the humanities had not 
yet occurred, and speculation in natural philosophy embraced 
not only the experimenters but also poets and philosophers in 
its discourse including men like Shelley and Coleridge who 
turned to ‘science’ to combat the materialist mechanistic view. 
By contrast, they emphasised those aspects of science which 
stressed the unity of nature, the primacy of force over matter, 
and the unity of all forces. This Romantic viewpoint had an 
important influence on many scientists and in fact played a 
major part in the emergence of concepts of energy, and in many 
specific discoveries including the connection between electricity 
and magnetism, and Davy’s discovery of potassium. In other 
words, an alternative paradigm free of the humanistic short- 
comings of the mechanistic view has proved of value in the past 
and may do so again". 


Reductionism and holism 

Although modern physics is essentially reductionist, it is in 
biology where the feud between reductionism and holism has 
been fought with all the ferocity of a theological dispute. 
Monod, for instance, refers tersely to “a very stupid and mis- 
guided quarrel, which merely testifies to the ‘holists’ total lack 
of understanding of scientific method . . 

Although some of the protagonists dismiss the attack on 
reductionism as a return to vitalism, in essence, the debate is 
about whether we can explain the properties of complex pheno- 
mena solely in terms of the characteristics of the parts of which 
they are made; whether that is to say, there are emergent 
properties of systems that are not discoverable simply from an 
analysis of their components. The debate can be examined at 
two levels. Firstly reductionism can be tested like any other 
theory (or perhaps meta-theory) for its explanatory power. 
Secondly, and what is perhaps more interesting, the ideological 
undercurrents and implications can be identified. 

The case against reductionism is explored intensively and 
extensively in Beyond Reductionism, the report of the Alpach 
Symposium at which a group of distinguished scientists explored 
the growing criticisms of much biological orthodoxy, and the 
‘robotomorphic’ mechanistic view of man implied in behaviour- 
ist psychology. Weiss, for example, drew attention to a number 
of difficulties in the reductionist position. Analysis, he argues, by 
focusing on smaller and smaller parts, inevitably results in the 
loss of information, notably information about interaction 
between the parts. It is in this neutral sense, he maintains, that 
the whole is greater than the sum of the parts—that is, what is 
discovered and recorded about the parts by the process of 
analysis. What is lost is information aout the orderly relations 
among the parts. We need, he argues, to take account of the 
tory and controlling mechanisms which are to be found 
Jarger systems of which the subsystem is a part’*.e e 
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By contrast, Monod’s reductionist emphasis looks at 
sight to be dramatically opposed. This is in part a refl 
the fact that Monod’s emphasis and examples focus strong 
the base of the hierarchy—on the regulatory mechani 
DNA and the genetic code. But on closer examination, Mo 
descriptions look less unlike those of Weiss despite the 
different positions each have taken in relation to reductionism. 
Monod too speaks of microscopic systems, and of “the cyber- 
netic system of the simplest cell”, and “that all activities that 
contribute to the growth and multiplication of that cell are 
interconnected and intercontrolled . . .”,!*. Monod too recog- 
nises that much remains to be demonstrated. But he decides as 
it were, to back a different horse. 

It is highly probable that the issue will be resolved by: farther 
advances in microbiology. It is in any case an internal debate % 
which will have to be left to the biologists to resolve. But of 
particular interest are the wider issues raised by the. debate. 
Why, for example, are the protagonists so ready to accuse each 
other of such heresies as being unscientific, and so quick to 
identify the dogma in their opponents’ positions? Both would 
seem to admit when pushed that neither position is dogmatical 
tenable and that the case is essentially unproven. For exa 
Commoner claims that the term ‘central dogma’ is often us 
the literature on DNA. He quotes the opening comments « 
chairman at the annual meeting of the Federation of Ame 
Societies of Biology (1965) as saying: “Let me review qu 
the essential doctrines which comprise the dogma o 
genetics”, and a participant as saying: ‘The reason we cal 
‘dogma’ is that it depends on personal bias, not logic’! 
then, if the tentative nature of theory is recognised 
impassioned partisanship? 


Neutrality and commitment 
In one sense, some measure of partisanship among scientis 
what we would expect from what is now known abou 
process of discovery in science and especially the role of the 
But there are dimensions of this particular debate that are 
special interest. For example, Monod has a section “dang 
genetic degradation in modern societies”. This is the fa 
argument which has raged since Galton and Spencer, 
natural selection has been suspended. Monod’s reasonin 
worth quoting in full: “. . . statistics, as everybody knows, sho 
a negative correlation between intelligence quotients (or cult 
level) and the average number of children per couple. The 
statistics also demonstrate that there is a high positive corr 
tion of intelligence quotients between marital partners. T 
dangerous situation, which could gradually drain the h 
genetic potential into an elite, shrinking in relative number! , 
Now there are two observations. First, this is a breathtakingly 
partisan statement and vast oversimplification of the nature- 
nurture debate about the nation’s alleged declining intelli f 
But more central to this discussion the reductionist: position a 
favours the ‘nature’ side of the equation—emphasising genetic 
factors rather than environmental influences. o 
What is being argued here is that such beliefs are embedded e 
in and exemplify a more general ideology or weltanschauung a 
which can be typified very crudely as antiliberal, and tough | 
minded. The existence of such clusters.of beliefs and attitudes is e 
now well documented"*. I am not here referring to the kind of = 
ideological issues which have been traditionally associated with 
the left-right dimension in politics, but rather with a cluster of 
beliefs and attitudes which cut across such a conception ofa 
conservative/radical dichotomy : in simple terms, an individua 
attitude towards ‘the bomb’, and a range of ‘Home 
humane and moral issues. Thus support for the exten 
nationalisation is no indication of a person’s attitud: 
capital punishment or the sterilisation of sexual offe 
restriction on immigration. So it can be argued that su 
the reductionist position is the expression of a me 
rooted tough-minded philosophy of life, which not 
tough, logical rigorous and possibly rigidly linear 
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is prepared to follow such logic to its perhaps disturbing con- 
clusions, and in this sense allows means to determine ends and 
logic to dominate values. It is the expression of a basically 
pessimistic (though possibly realistic) view of human nature, 
aware of the need for tough and disciplined measures to control 
man’s wayward tendencies and to nurture man’s tenuous hold 
on civilisation. So, it would be claimed, we have to face the 
facts of the basic inequality of human genetic endowment and 
devise educational systems based on a recognition of such facts. 
By contrast, it is those who incline to the opposite position, 
have a basically optimistic view of man’s nature, and who locate 
the frustrations to the full flowering of human potential in 
impoverished environments and repressive social institutions, 
who are likely to find the implications of reductionism disturb- 
ing. Indeed, it is precisely from such radical critics of society 
and from the basis of the liberal~-humanist tradition, that the 
most vigorous attack has been mounted—including Roszak, 
Dubos, and Habermas. From such perspectives, reductionism is 
seen as an expression of the mechanistic Baconian approach to 
science which sees science as a source of domination and control 
over nature (and man), as distinct from the more organic 
perspective of understanding and relating to nature??. 


Science as ideology 


It is when the findings of ‘science’ are used as the basis for 
rationalising and justifying particular economic and political 
doctrines (scientism)’ that scientists are most open to attack 
for their partiality. There is a long tradition of justifying 
inequality, conflict, hierarchy, domination and competition 
through crude applications of biological notions to social 
dynamics (ref. 3, pages 259-263; ref. 18). Indeed, it can be 
argued that while crucial uncertainties are part of the human 
condition, there is need for folk sciences functioning as ideolo- 
gies to provide comfort and reassurance. Seen in this light, the 
new natural philosophy of the seventeenth century “with its 
disenchanted and dehumanised world of nature and its apprecia- 
tion of closely controlled experience, itself functioned as a folk 
science... .” And the extent to which ‘science’ persists as the 
dominant folk science can also be seen in the resistance to 
psi-phenomena as possible evidence of the powers of mind 
independent of matter, which if accepted would constitute a 
threat to the contemporary world view". 

Such scientism has entered a new lease of life with the current 
intellectual revival of ethology and its popularisation through 
such best-sellers as Desmond Morris's Naked Ape”, and the 
earlier work of Lorenz. Despite the claim of the blurb that this 
study is objectively scientific’, Morris's book is in fact both 
partisan and prescriptive. Man is essentially a primate, the 
argument goes, and “still follows fundamental patterns of 
behaviour set down by his hunting-ape ancestors .. . and there 
is no hope of quickly shrugging off the accumulated genetic 
legacy of his whole evolutionary past”. For example, the fact 
that Homo sapiens has evolved as the sexiest of all the primates 
is used to explain the fact that “whatever obscure, backward 
tribal units are doing today, the mainstream of our species 
expresses its pair-bonding character in its most extreme form, 
namely long term monogamous matings’. So monogamy is 
safe: it’s all in the genes; “the space ape still carries a picture of 
his wife and children with him in his wallet as he speeds towards 
the moon”. 

Now whatever the case for or against monogamy or the 
biological basis of religion, or aggression, the gap betwgen 
genetic codes and such complex behaviour is so wide aseto 
require a remarkable leap of faith to discover the bases of social 
relations and religious beliefs in the macromolecules of the 
DNA code. The most serious objection, of the critics, however, 
is not so much that such claims put the objectivity of gcience 
into question, but that appeals to nature or to human nature 
are basically conservative. As Reich® points out, they are used 
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to shift the problem from the social to the biological sphere 
where nothing can be done about it. Those who are anxious to 
change rather than to conserve, to free man from outworn 
constraints, to pursue new heights of discovery and self aware- 
ness, are understandably suspicious of theories which underpin 
a kind of fatalism; and an acceptance of what has been seen as 
natural, inevitable and in this sense, right®!, 

It could be argued that the attack on science is largely mis- 
directed. It is the extravagant claims made for science which 
have generated a backlash. However elegant (and powerful) the 
mathematical equation, it is as partial to claim totality for such 
an approach to understanding nature as is the total rejection of 
science by those terrified at the prospect of a world without 
poetry. But science can hardly be blamed if some of its enthusiasts 
attempt a takeover bid for human culture. And if some scientists 
have used science as a pawn to promote the kind of world they 
want, one beyond ‘freedom and dignity’, or in which biological 
imperatives replace the messy and untidy human search for 
meaning and purpose, then they must not be surprised if such 
‘unscientific’ behaviour stimulates some non-scientists to mount 
powerful antiscience arguments. 

But to single out science as the cultural base for oppression, 
repression and various inhuman and antihuman policies is to 
overlook the repertoire of elaborate legitimations and justifica- 
tions, both religious and secular that human ingenuity has 
invented for historical excursions into domination. It is one 
thing to point to the fact (with some justification) that science is 
and can be an instrument of human repression and quite another 
to argue that it is a major dynamic force marshalling the human 
race like the Gadarene Swine to rush headlong towards the 
destruction of all that is civilised. 

Whatever legitimate criticisms can be mounted against the 
behaviour of some scientists and against some of the more 
simplistic versions of the nature of science, it can claim to be a 
special kind of knowledge in the very limited sense that it has 
been spectacularly successful in building a consensus of certified 
knowledge, which goes beyond the subjective judgment of any 
one individual. Whatever may be the human failings of individual 
scientists, and whatever the enthusiasms of the individual for 
his own theory, the success of science may lie in the way in which 
it has collectively regulated and harnessed the passions of such 
individuals to the shared enterprise of advancing public know- 
ledge without deadening the enthusiasm necessary to sustain the 
often intense commitment to a theory. What keeps the individual 
creative scientist from being swept away by his own enthusiasm 
is the institutionalised code of conduct, which ensures that his 
work is subject to the critical scrutiny of his peers. It is at this 
level that for all its faults and blemishes, science can claim to 
have achieved a remarkably high level of objectivity. It is this 
quality of scientific knowledge which commands respect. The 
critics of science who question the objectivity of a science 
increasingly involved in military and industrial applications may 
well have a point. Such developments could conceivably damage 
the mechanisms of quality control?* and lose for scientific 
knowledge any special claim which it may have. And the antics 
of individual scientists who parade their ideological preferences 
under the guise of scientific objectivity outside the controlling 
mechanisms of the community of science, similarly threaten the . 
high standards of their calling. 

Beyond its more routine and humdrum reaches, science is an 
imaginative and creative act: the attempt to construct a mean- 
ingful picture of nature. And this is a picture which is in a 
constant state of flux and periodically undergoes revolutionary 
changes whenever a creative genius sees a new pattern in the 
ambiguous dance of the flames in the fire—a picture which 
excites the tmagination of his contemporaries and generates a 
burst of activity to test its explanatory power. But in the last 
analysis the result is the subjective conviction of fallible men. 
What is accepted as a scientific truth is what survives the 
negotiations and interchanges within the scientific community. 
Whether and in what sense we can ever know ‘objective reality’ 
is a philosophical question beyond the scope of this paper. 
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Science and works of art 
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racemes 


Over the past few years, considerable advances have 
been made in the application of scientific method to the 
conservation of works of art. Slow changes in paintings 
with exposure to light are still the subject of research 
but recent developments in the protection of outdoor 
sculptures are encouraging. 


Senn UUVTTTETTTIT ANNAE nena 


Desrrre much publicity about the intervention of science 
in the realm of art, comparatively few of the world’s 
museums and galleries housing the fine and applied arts 
have their own scientific departments and the number of 
scientists engaged in this field is small compared with that 
of research workers on any subject of comparable breadth 
and complexity in universities or industry. Consequently, 
a particular technique or instrument may be available only 
in one museum laboratory in the world, not necessarily 
in Britain. The international scene in our special field of 
study is not densely populated and economic considera- 
tions are probably the limiting factor in the application of 
science to works of art. 

There are three main areas of application: (1) examina- 
tion to determine the physical and chemical composition 
of the object, the nature of past, present, and possible 
future deterioration and, on occasion, to aid dating or 
authentication: (2) conservation in the sense of providing 
the optimum environment to prolong the life of the object; 
(3) conservation in the sense of restoration, that is treat- 
ment of the object to repair existing damage or deteriora- 
tion. Obviously all three are interdependent. For example, 
examination is a prerequisite of treatment and to return a 
treated object to an environment which does not minimise 
the risk of future damage is to nullify in part the benefits 
of restoration. 


Paintings i 

European easel paintings, the kind seen in the National 
Gallery, London, and usually dating from about 1300 
onwards and painted on wood pgnel or canvag, are a 
rather special category. Every component of the multi- 
layer structure which comprises a painting-——wood, canvas 


or metal of support, ground or priming layers, pement 





and medium of paint layers, varnish or surface coating- 
can be subjected to scientific examination, and the laye 
structure itself merits close study. Although such exar 
tions often aid conservation and sometimes research ini 
history, it should be stressed that the study of arti 
materials and techniques is a proper subject in its ow 
right. 
Starting with the lowest layer of the picture, the 
support, identification by microscopical methods of the 
wood species used in panels gives an indication of the 
provenance of the picture, but little hint of its date. 
Carbon-14 dating, indispensible in archaeology, is not 
usually applicable to painting because of limitations of 
sample size and the small time-span involved, but an allied 
dating technique—dendrochronology, the measurement of 
annual growth rings of trees—has proved useful. F 
applied in Hamburg to panel paintings of Rembrandt : 
Wouwermans, the technique has been developed at 
Research Laboratory for Archaeology and the Histo: 
Art at Oxford where a new reference curve for sl 
grown oak has been compiled and measurements made 
oak panels including paintings by Holbein and Rubens in 
the National Gallery and National Portrait Gallery’. Ther 
quarter-sawn planks often had 200-300 rings. For pictures 
independently dated, the tree-ring date usually worked out) 
to be the date of painting plus about five years for season- o 
ing of the wood. Unfortunately the technique is unlikely 
to be extended to Italian panel paintings since these are —— 
mostly painted on poplar wood. k a 
One of the most important developments has been in 
the identification of paint media which up to about 10 
years ago could only be roughly classified. Gas chroma- 
tographic analysis, pioneered by the National Gallery 
laboratory? is now used in several other museum labora- 
tories in various parts of the world to detect the fatty 
acids present in dried oil and egg films, the ratio of which 
indicates whether oil or egg was originally present and the 
type of drying oil. It was found, for example, that Piero 
della Francesca’s “Baptism” was painted in egg tempera 
but his “St Michael” in drying oil, specifically walnut 0 
Occasionally different areas or even different layers of 
samg picture have different types of medium. For 
reason it is as well to use some microscopical tec 
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such as biological staining, on a paint cross section before 
analysis. Although “C dating is not generally used, detec- 
tion in the United States of recent forgeries, even of late 
19th century pictures, has proved possible by measuring 
the increase of “C in artists’ materials—in this instance 
linseed oil—resulting from the atmospheric testing of 
nuclear weapons’. 

Identification of pigments is still often done by well 
established methods of chemical microscopy, a less 
arduous exercise than it would seem in that the majority 
of artists’ pigments in the past were simple compounds of 
metals such as oxides, carbonates or sulphides, or minerals 
or other crystalline materials having well defined particle 
characteristics and optical properties. Emission spectro- 
graphy and X-ray diffraction have also long been used, the 
latter indicating the compound present rather than the 
elements only. The electron microbeam probe would be 
ideal for layer-by-layer analysis of the mounted paint cross 
section but its cost and complexity prevent its acquisition. 
Over the past decade we have been grateful to have occa- 
sional samples examined on instruments belonging to other 
institutions but a long run of coordinated samples is needed 
for significant results when buying or borrowing time on 
an instrument. That it can be done successfully is proved 
by a paper published by the Louvre laboratory on the 
scanning of sections of early Italian paintings‘. Lacking an 
electron microbeam probe on the premises, the National 
Gallery has just acquired a laser microspectral analyser. 
The use of laser microspectrography in analysis of works 
of art was introduced in the laboratory of the Boston 
Museum of Fine Arts some years ago. In the apparatus 
now in London the laser is used to evaporate a minute 
amount of the sample, thereby forming a crater the dimen- 
sions of which may be varied between 10 and 100 um. The 
firing of the laser is arranged to coincide with the sparking 
of carbon electrodes and the rest is emission spectrography. 

All the above methods require removal of a sample, 
however small, so a non-destructive method of scanning 
the surface of the painting for elements is desirable. X-ray 
fluorescence analysis is an obvious choice, with hopes 
pinned on the energy-dispersive form. Even here the layer 
structure cannot be ignored for the primary X-ray beam 
may penetrate the uppermost paint layer with confusing 
results. Also the range of elements is greater than in, say 
bronzes or silver coins. Sensational in their possibilities are 
a whole range of analytical techniqugs based on the appli- 
cation of nuclear energy, again a facility not to be found 
in the museum itself. In the mid 1960s work was carried 
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Virgin and Child by Pyrgotelis, 
Church of St Maria dei 
Miracoli, Venice. a, Detail be- 
fore treatment, b, after cleaning 
and consolidation (carried out 
by K. Hempel. Victoria and 
Albert Museum, London, and 
G. Musumeci, Venice). 


out in both Delft and Munich on neutron activation 
analysis of trace elements of lead white. Results indicated 
variations not only with date but also with geographical 
location. In the United States autoradiography of paintings 
has been used to identify pigments, as has isotope mass spec- 
trometry, and one method for dating lead white depends 
on measuring its natural radioactivity. It is an achievement 
in itself to have evolved or applied these techniques. One 
hopes that these will not be isolated experiments but the 
Start of some serious data collecting. The Doerner Institute 
at Munich recently put out a paper in which the author 
had compiled a table of periods of use and terminal dates 
of artists’ pigments from his extensive experience of 
analysing pigments from a vast number of pictures of dif- 
ferent schools and dates, using fairly traditional methods 
Simultaneously with analytical methods examination of 
paintings by X radiography, infrared and ultraviolet 
photography still goes on. A recent advance is infrared 
reflectography, developed in the Netherlands particularly 
for revealing carbon black underdrawing on white grounds. 
It involves the use of infrared light at a wavelength of 
about 2 mm and an infrared-sensitive television camera 
instead of infrared-sensitive plates or film’. The National 
Gallery in London now has such an apparatus. The need 
to control the humidity and temperature of the atmos- 
phere in which paintings are hung, particularly wood panel 
paintings, was recognised as long ago as the 1930s, and 
the first fully air-conditioned room with humidity control, 
cooling, warming, dust filtration and removal of SO. was 
opened in the National Gallery in 1950 to house some of 
the most important panel paintings. Eventually all the 
west wing was air conditioned. Control of illumination 
took longer to gain acceptance. Now, in addition to having 
ultraviolet filters on all light sources, whether daylight or 
artificial, the visible light has been reduced to 150 Ix. 
Obvious damage by light is fading of pigments and dye- 
stuffs but photochemical degradation of any organic com- 
ponent, whether medium, varnish or canvas, is also likely 
to occur. It is often assumed that after a hundred years or 
so paintings must have reached some sort of end point in 
the, changes of colour they may undergo. There is no 
objective evidence for this assumption. In rare cases where 
part of a picture has been protected from light the con- 
trast with the exposed part is alarming. Research has been 
going an in the Natiowal Gallery to find methods of record- 
ing very slow changes in colour of paintings. The recent 
acquisition of a reflectance spectrophotometer, designed 
forethe purpose by W. D. Wright, is a significant step 
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forward. The new extension to the National Gallery which 
is to open next year, will have temperature, relative 
humidity, sulphur dioxide and light levels automatically 
controlled and recorded by a data logger for future use, 
but there can be no cause for complacency while the east 
wing of the present building still lacks air condtioning. 


Restoration 

In the treatment of paintings science plays rather less 
part than is the case for other types of works of art, for 
example objects of metal and stone. Although it might 
make his task less hazardous and certainly more interest- 
ing, it is doubtful whether a knowledge of the mechanism 
of polymerisation of drying oils or the optics of paint films 
would enable a picture restorer to produce a visually 
satisfactory final effect in cleaning, retouching or varnish- 
ing a picture. There seems to be no substitute in this case 
for skill and experience. In the postwar years it had seemed 
likely that modern synthetic materials of a high degree of 
stability would replace the traditional natural materials 
used in picture restoration. This expectation was only 
partly fulfilled. In this country at any rate restorers often 
show reluctance to use as varnishes or retouching media 
materials which differ markedly in handling properties 
from those they are accustomed to, and this includes some 
polymers with otherwise desirable properties, for example 
polyvinyl acetate and some acrylic copolymers. For final 
varnishing many prefer the lower molecular weight poly- 
cyclohexanone resins despite the fact they have only a 
modest advantage over the natural resins in rate of dis- 
colouration: their handling qualities are, however, similar. 
On the backs of pictures modern synthetic materials are 
more frequently used, for example the non shrinking 
epoxy resin adhesives instead of animal glue. 

Recently the standard treatment of canvas supports, 
that of sticking a new canvas on the back of an old and 
weakened one to strengthen it, has come under scrutiny. 
Lining of canvases dates at least from the late 17th cen- 
tury, the earliest adhesives being glue and flour paste, in 
this century frequently replaced by beeswax mixtures. Now 
in its turn the soundness of wax lining has been ques- 
tioned and in April this year a three-day international] con- 
ference met at the National Maritime Museum, 
Greenwich, to discuss lining techniques. Alternative types 
of adhesive were proposed, such as emulsions of vinyl 
polymers, and lining canvases of polypropylene or glass 
fibre were demonstrated. Also on show were improved 
types of vacuum hot tables which enable lining to be 
carried out without the heavy ironing previously needed. 
One of these had been designed at the Courtauld Institute 
of Art, University of London. Although no clear-cut reso- 
lution seems to have been taken in favour of any one 
method the conference was an opportunity for discussion 
of a rather neglected but necessary aspect of restoration. 

For art objects, technical examinations has been 
directed towards problems of dating and authentication, 
supplementing the art historian’s style criticism, and to- 
wards investigating details of structure, composition and 
condition. Those methods which supplement visual exami- 
nation—optical microscopy, X radiography, ultraviolet 
fluorescence and infrared photography have of course been 
available for many years. Wet chemical analysis has been 
in use since the 19th century for metal objects. The 
methods of physical analysis, developed mainly since ,1900 
and particularly since the Second World War, are applic- 
able as much to art objects as to those usually regarded 
as falling within the field of archaeology. They have been 
used more sparingly in museume specialising in post- 
classical material where there is still a certain reluctance 
to turn to scientific aids, particularly when sampling is 
involved. ee 
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Of the methods of absolute dating and the consequen 
possibility of authentication where stylistic evidence and- 
details of provenance are insufficiently positive, three of — 
the methods of the archaeologist are available: “C dating, | 
dendrochronology and thermoluminescence. It is seldom , 
feasible to use “C dating for art objects of comparatively 
recent date, while dendrochronology though applicable for = 
example to the study of furniture and wooden sculpture ee 
does not seem so far to have been used for the former, and... 
not extensively for the latter. Neither of these methods is 
in any case linked directly with the date of production Of ee 
the art object. Much interest has been shown, however, in- a 
the technique of thermoluminescence (TL) for absolute 
dating and the detection of fakes in ceramic objects, this 
has been developed at, among other centres, the Research 
Laboratory for Archaeology and the History of Art at 
Oxford. The techniques were until recently of value mainly 
for dating pottery more than 500 years old. Advances since 
1969 have extended the range to more recent times’. A. 
study of authenticity of Italian Renaissance terracottas, in — 
comparison with documented forgeries of high quality by | 
a nineteenth century sculptor, has demonstrated the possi-- 
bilities of solving problems of recent art history, though 
unfortunately not to the extent that the work of master 
and pupil can be distinguished. These methods have been 
used during the past few years for an extensive study of 
Chinese Tang dynasty ceramics (618-906 ap) with good 
dating results for genuine works and clear distinction — 
between these and imitations. j 

Most of the physical methods of analysis of value in 
archaeological research find a use in attempting to solve 
particular problems in the decorative arts, though exte 
sive studies of groups of objects of particular periods, dis- 
tricts or craftsmen, sufficient for making judgements. for 
inclusion or rejection of doubtful pieces on analytical 
grounds, are rare. Moreover, comparison between analy- 
tical results from different institutions is often of dubious 
value because of differences in sampling techniques. and 
absence of information on precision and accuracy. Of the 
methods available (which there is no space to list in detail 
here) X-ray fluorescence analysis, being non-destructive, is 
naturally attractive to the curator of valuable art objects, 
though the fact that it is less accurate than atomic absorp- 
tion spectroscopy and that analysis is only of the surface 
layers of an object, which are usually of different com- 
position from the body of the object, make its use. less — 
valuable, except for specific studies of superficial layers. — 
Recent attention both in the United Kingdom and else- —_ 
where has centred on the development of energy dispersive 
X-ray fluorescence spectrometers. Their increased sensi- 
tivity compared with crystal dispersion types makes ite 
possible to use radio isotope sources or miniature X-ray. 
tubes, thus imparting a degree of portability, and the multi- 
channel analyser greatly increases the speed of analysis. 
One form of this apparatus, the Isoprobe, referred. to 
above in connection with paintings, and developed at the 
Oxford laboratory’ has recently begun operation as part 
of the York Glaziers’ Trust Research Programme | for 
studving the chemical composition of 12th century stained 
glass from York Minister. Most analytical methods require 
a sample such as a fine drilling from an unobtrusive part 
of an object, but the X-ray diffraction techniques described 
bv Bimson® for examining the crystalline constituents of 
soft and hard paste porcelain for authenticity or attribu- ` 
tion requires a sample so small that the method could be 
alnost described as non-destructive. mere 
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Environment 


In aemodern museum of the decorative arts, the tendency 
to display in one gallery art objects of every kind of a 









irticular period provides problems of environmental con- 

servation over and above those of a gallery of paintings 

alone. The control of light levels, of vital importance for 
textiles, where both dyestuffs and their fabric substrates 

are damaged, is made difficult by the complexity of the 
‘visual problem’ of local lighting for particular objects and 
reflections from show cases, so that disability glare factors 
impel the curator to call for light levels higher than the 
50 Ix generally accepted as desirable”. The problem of 
damage by light was first studied scientifically at the Vic- 
toria and Albert Museum (then the South Kensington 
Museum) in 1888. Studies relevant to paintings but also of 
general value have been made continuously at the 
National Gallery since the 1950s and experiments on the 
fading of textiles, begun at the Victoria and Albert 
Museum in the 1960s are continuing. 

Requirements for temperature and relative humidity 
and the elimination of air pollution are broadly similar for 
most art objects even though the properties of particular 

= objects may require localised conditions. For the general 
< ambience the tendency, where it is possible, to install com- 
plete air conditioning is to recommend more complete 
elimination of pollutant gases, notably sulphur dioxide, 
than previously specified, and, particularly where textiles 
are involved, the elimination of a high percentage of grime 
in the submicron range (60% plus on test dust No. 1), 
Turning to the many problems of the restoration of art 
objects, apart from those which require fine craftsmanship 
in repair work, specialists in the United Kingdom are 
taking part in notable developments in stone” and textile 
conservation while close attention is being paid to prob- 
lems of deterioration and protection of painted and stained 
glass". British workers are in the forefront of develop- 
ments in these fields. One of these, the problem of arrest- 
ing the decay of calcareous stone and marble sculpture 
(and more generally the stone of buildings), in modern 
“industrial atmospheres was, as recently as 1963, declared 
to be insoluble”. Consolidation treatment when the sculp- 
ture could be brought indoors was confined to wax impreg- 
nation. Deterioration out of doors is a consequence, still 
not fully understood, of the complex interaction of a more 
or less porous aggregate containing calcium carbonate, 
_with water, carbon dioxide and sulphur dioxide together 
with soluble salts, including, in some situations, sodium 
chloride. If the sculpture can be brought indoors consoli- 
dation treatment is usually needed, in conjunction with 
cleaning. If the sculpture must remain in situ total loss 
of the object as a work of art must be expected eventually 
unless treatment is given. Recently, notable advances in 
treatment have been made and the prospects are now 
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brighter than in 1963. Consolidation inevitably involves 
impregnation with a material which enters the pores of the 
superficial deteriorated layers, preferably penetrating into 
or bonding with the sound stone beyond. Dutch and 
American investigators have been using selected epoxy 
resins, vinyl fluoride polymers and silicon esters and suc- 
cessful work has also been done with a solution of barium 
hydroxide and urea leading to the deposition of barium 
carbonate. A different approach has been adopted for 
external sculpture in Venice by English conservators’ who 
apply a monomer of trimethoxymethyl silane which pene- 
trates easily and deeply into marble and polymerises with 
water to a hard cross-linked solid in situ, 

In 1950 the late F. I. G. Rawlins, then Scientific Adviser 
to the National Gallery, announced in Nature™ the forma- 
tion of a new international institute for the coordination 
and advancement of research in conservation. This was the 
International Institute for Conservation of Historic and 
Artistic Works of which he was Secretary-General for 
some years until one of us (N.S.B.) took over that post. 
The institute, which celebrates its 25th anniversary next 
year with its sixth international congress, in Stockholm, 
has its headquarters in Trafalgar Square, London. Its 
quarterly technical journal, Studies in Conservation, first 
published in 1952, contains original work and reviews on 
advances in conservation and restoration. This with its 
Art and Archeology Technical Abstracts (twice yearly) 
and the publications arising from its congresses enables its 


world-wide membership, which includes most of the 
world’s leading conservators, to keep abreast of 
developments. 
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Rutherford’s Cavendish 


Edward Bullard 


Madingley Rise, Madingley Road, Cambridge, UK 


__Sir Edward Bullard recalls his early days at the Caven- 
dish Laboratory in Cambrid ge where, under the watchful 
eye of Lord Rutherford, he worked, and struggled, as a 
research student in the company of people like Blackett, 
d Capitza, and Cockcroft. 
















FIRST saw the Cavendish nearly 50 years ago, in December 
25, when I made an unsuccessful attempt to get a 
Olarship. The physics practical exam was held ig the 
rge room to the right of the arch as you come in. I was 





a little surprised to find that my galvanometer was perman- 
ently jammed and that the assistants and demonstrators 
did not think it at all odd. Indeed, it was not odd: most 
of the equipment in the lab was like that, 


The following year I went up to Clare and embarked 
on the Natural Science Tripos. I found the Part I Physics 
lectures deeply disappointing. Alex Wood, on mechanics, 
roughly, covered the frst book of the Principia and the 
Cavendish experiment, together with a little about gyro- 
scopes. I found that the lack of generality and the attempts 
to ayajd all but the simplest calculus were tedious. I went off 
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Mr. F. Lincoln, the head 
of the Cavendish 
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to listen, a little uncomprehendingly, to Pars on analytical 
mechanics. and also, very briefly, to Larmor. By part Il 
the lectures had become better and they gave a sense of 
contact with contemporary physics. 

It was, I think, early in my third year that, coming out 
of a lecture, I met Patrick Blackett who asked me what | 
was doing. I replied that I had been listening to Aston 
talking about mass spectroscopes. “‘Why?", he said, 
“everything he says is in his book’. It came to me as a 
revelation, and I went to no more lectures, except to 
Rutherford, whom I could not resist. He would boom on, 
talking about all kinds of interesting things, occasionally 
producing gems like “integral y. dx; dx is small, we will 
neglect this”. He talked so easily and informally, he knew 
it all in an instinctive, relaxed way and the answer always 
somehow came out right. As someone said: “The @ par- 
ticles were his friends, he knew what they would do” (there 
was a story, which I have not verified, that in one of his 
early papers the mass of an @ particle came out as 3.3 
on which he commented: ‘we take four as the nearest 
integer”). 

Although the practical classes interested me I learnt 
almost nothing useful in them. A practical class can serve 
three purposes: it can teach the techniques of measure- 
ment: it can allow the student to go over the path by 
which the principles of physics were discovered; or it can 
help to give contact with contemporary physics. The prac- 
ticals in the Cavendish were largely historical, tempered 
with some feeling that, if the equipment was available 
(which it wasn’t), there ought to be some experiments on 
modern physics. As it was, we swung pendulums which 
had their bobs in buckets of water and tried to find the 
frequency of a tuning fork with a phonic motor once used 
by Lord Rayleigh. (The usefulness of that potentially in- 
teresting experiment was reduced by the absence of a clock 
that could match the stability of the tuning fork.) The 
trouble was, I suppose, that there was very little money 
for equipment and that most of the very able and dis- 
tinguished men running the classes had more important 
and exciting things to do, Indeed, when, in my third year 
as an undergraduate I tried to devise some new experi- 
ments for the Part II class, | found every encouragement 
and immediate acceptance of innovation. 

I think the physics course in the 1920s was, in an im- 
portant way, preferable to that of today. It was not very 
difficult. A reasonably intelligent man, who was interested 
in the subject, who took pains to understand it, and who 
could write in a way that would show that he did under- 
stand it, could get a first in the tripos without wearing him- 
self out or concentrating too exclusively on science. He 
could take up politics or hiking® or learn a foreign 
language, without feeling that he was not giving enough 
time to physics. 

In the Cavendish one absorbed an attitude to knowk4ge, 
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and an intellectual style. A real physicist ought to be able 
to estimate any quantity within a factor of 10 without look- 
ing in a book, using only a pencil and the back of an 
envelope. The central idea was that when you really under- 
stood anything it would seem simple. When | was an under- 
graduate, this spirit filtered down through research students 
a few years older than I was, particularly through Jimmy 
Braddick, who was in a constant state of indignation about 
things that Rutherford had said to him, Paul White, a 
much more serious character, a mathematician and low- 
church Christian, and P. I. Dee, for a while my supervisor, 
who carried apparent omniscience with an engaging charm. 

In 1929 Rutherford accepted me as a Ph D student. In 
those days it was usual for those starting as research 
students to spend the long vacation working in the ‘kinder- 
garten’, an institution run by Chadwick. This was sup- 
posed to do what the undergraduate practical courses so 
clearly failed to do, that is, teach the techniques of modern 
physics. As I was going to study the scattering of slow 
electrons in gases I was set to learn vacuum techniques by 
measuring the vapour pressure of tap grease. 

It proved a most instructive project and, more important, 
it enabled me to get to know Chadwick a little. Tap grease 
was a perennial problem in the Cavendish. It was normally 
made by a chemist in Southampton named Everett, the 
son of ‘old Everett’ who was J. J. Thompson’s assistant. 
Old Everett had been mentioned in an agreement between 
J. J. and Rutherford, which specified that J. J.’s share 
of the lab funds would be £150 per annum “out of which 
he would pay his assistant“. This tap grease was made by 
heating rubber bands with vaseline and adding paraffin 
wax. As Everett’s product was sometimes overcooked and 
smelt of burnt rubber, the more fussy amongst us made 
our own. At about this time C. R. Burch, who worked for 
Metropolitan Vickers ‚introduced a much superior product 
prepared by distillation; it was, however, enormously ex- 
pensive (I think £1 per pot) and in order to get it all of 
Oliphant’s powers of persuasion were needed. 

In 1929 I started work in a large room already occupied 
by Mark Oliphant, Phillip Moon and J. K. Roberts, all of 
whom were doing experiments involving vacuum tech- 
niques. After a few months I was joined by Harrie Massey. 
The room was just down the corridor from Rutherford’s 
office. He would come round about once a week with 
Chadwick, and at odd times when he felt like blowing off 
steam. Once, he came in in the most cheerful good humour 
and said to Roberts “You know, Roberts, the time has 
come to consider whether your experiments are worth 
the liquid air they consume”. On another occasion he told 
me that he never wanted to see me in the lab again. The 
next morning I got in early and managed to meet him on 


the stairs: he was particularly friendly. I never really got 
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to know him well but, as time went on. and particularly 
after I had left the Cavendish, I found that he would 
always listen and help me if I needed anything. I remember 
asking him for help in getting funds to enable one of Towns- 
end’s students to leave Oxford and come to work with me. 
Rutherford’s reply was: “Well, IT am never averse to any 
scheme for doing down Prof. Townsend”. There was a half 
humorous resentment between them. dating, I suppose, 
from the days when they worked together in J. J. Thom- 
son's Cavendish. On another occasion, when Townsend had 
made a rather intemperate attack on Massey and myself 
in the Royal Society’s Proceedings, Rutherford met me in 
the corridor and, in great glee, said: “Have you seen what 
Townsend has said about you? What are you going to do 
about it”. “Nothing,” I replied: “Quite right,” said 
Rutherford, “if you answer him he will wait 20 years, but 
he will get you in the end”. It was. I suppose, a totally 
unjustified view of Townsend but it was enormously en- 
couraging for me; Rutherford had a gift for that sort of 
thing, he could make you feel a colleague in a great 
enterprise. His boys were the best boys, surrounded by 
foolish and wicked men who did not understand what 
physics was really about. I think he felt himself to be an 
honest New Zealand farmer's boy fallen into a corrupt 
society; sometimes that made him rather rude to his more 
pompous colleagues and rather terrifying to his students. 
Í recently asked Kapitza if he was scared of Rutherford. 
“Yes”, he said: “terrified’’, 

My period in the Cavendish was just before the annus 
mirabilis in which artificial disintegration and the neutron 
were discovered. Much has been written of this, and it 
was indeed the source of modern nuclear physics and en- 
gineering. My most dramatic memory is of going to the 
Kapitza Club (a weekly meeting of physicists, usually in 
Cockcroft’s rooms in St Johns) and hearing Chadwick 
describe the Curie—Joliot results on ‘penetrating y rays’, 
and then going the next week and hearing Chadwick again, 
explaining that they were really new particles—neutrons— 
(if he had suspected the truth on the first occasion, he gave 
no clue). r 

The fame of these discoveries has obscured the feelmgs 
that preceded them. Many young men coming into the 
subject in the late 1920s felt that it was no time to start 
to work on radioactivity. The existiag techniques had been 
pushed near their limits and many, including myself, did 
not realise what could be done with the emerging tech- 
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Lady Rutherford directing a gang 
of research students reconstructing 
her rock garden. The author, in 
shirt sleeves, looks on. Mr, Lincoln 
assembled these gangs on days when 
Rutherford was in London. 


7, 


Cavendish Laboratory 


nology of electronics. It was Wynn-Williams and Cockcroft 
who, in different ways, broke the barrier. This involved 
not only inventing things, but also overturning deep seated 
traditions of do-it-yourself and not spending money. Cock- 
croft’s elegant solution to the problem of producing 300kV 
of d.c. power was preceded by some very odd schemes 
which included using an induction coil given to the Uni- 
versity by a collector of scientific equipment, and a Tesla 
coil (which was noisy enough to produce a complaint from 
the Master of Corpus, on which Rutherford is said to have 
commented: “If they don’t like the noise why did they 
build the college there”). An early breakthrough in spend- 
ing money was the purchase of the doughnut magnet, de- 
signed by Cockcroft, which was used to focus a particles. 
Rutherford, when showing it to a visitor, said: “That cost 
as much as a research student for a year—but it does 
twice as much work”. 

[he feeling for economy went all through the organisa- 
tion; | remember the store man trying to maintain that the 
existing stock of valves, World War I bright-emitter tri- 
odes, must be used up before modern types could be 
bought. The day-to-day detail was looked after by Mr 
Lincoln, the fierce head mechanic, whose bark was much 
worse than his bite. In my third year as an undergraduate 
| complained about the absence of bandages in the first-aid 
box, and he said: “What's the use of my keeping band- 
ages, people only come and use them”. On another occa- 
sion | asked for six inches of one inch steel tube and was 
surprised when he said: “Certainly I have got just the 
thing”. He went into the room behind the workshop and 
produced a bicycle left, I ‘suppose by some undergraduate, 
and told me to saw six inches off the cross bar. 

It is easy to tell funny or slightly discreditable stories 
about the Cavendish in those days, but the fact remains 
that it was uniquely successful both in discovery and in 
training many of the most able and effective men of their 
generation—Blackett, Cockcroft, Kapitza, Oliphant and 
many others. The defects of parsimony and, to some ex- 
tent of arrogance, were easily cured in the years that 
followed. In many ways the experience of the war ideally 
complemented and compensated for the defects of the 
training in the Cavendish 10 years before. 

Forme, Rutherfor@ and Blackett represent most of what 
is best in physics, and I am deeply conscious of the excep- 
tional advantages that I had from being a student in the 
righ@ place at just the right time. 
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theophylline, 0.02 M caffeine, 12 ug of plasma membrane protein, 
20 pez BSA or for b, adenyl cyclase (—©-—, —-A—) 0.006 M 


trations of FGF (--@—, —©—-) or insulin (~ A~, —A—-) 
were added to incubation mixtures and results are expressed as 
pmol of cyclic nucleotides synthesised per min per mg of plasma 
membrane protein, after deduction of the value for a 10 min 
incubation with no hormone addition for the guanyl cyclase 
mixtures (10.5 pmol) or after deduction of the zero time point 
for the adenyl cyclase mixtures (2.9 pmol). For both reactions 
synthesis was proportional to time of incubation up to 20 min. 
Control reactions with added cyclic nucleotides showed no 
appreciable hydrolysis (less than 2 pmol min? mg). Boiling 
FGF for 5 or insulin for 1 h in neutral buffers destroyed their 
capacity to increase cyclic GMP levels and DNA synthesis in 
cultured cells and their effects on cyclase enzymes jin vitro. 
_ Addition of | ug ml? BSA or purified gelatin had no effect on 
Ee cyclase enzymes in vitro. 








entrations of FGF in the presence of hydrocortisone nor 
gh, non-physiological concentrations of cyclic GMP* can 
tiate DNA synthesis in mouse fibroblasts in the abgegce of 


developmental processes, there are important diff 




























































exogenously-added serum. All these observations 
implicate cyclic GMP as a positive signal which starts th 
of events leading to the initiation of DNA synthesis 
division. The apparent transience of the increase in intra 
cyclic GMP does not necessarily negate this, since 
variations are observed in intracellular cyclic AMP. 
trations after exposure of cells to adrenergic or pepti 
mones whose actions are mediated by cyclic AMP?*. 
= The observed increases in intracellular cye ic GMP- 
tration and DNA synthesis upon addition of hig! 
physioloical concentrations of insulin is probably a 
consequence of additional decreases in intracellular cycli 





MP 
Hydrocortisone, as it does not immediately change intracellula 
cyclic nucleotide levels or activities of the membrane-bound 
cyclase systems almost certainly exerts its permissive effec! 
through the internal cellular machinery™. ee 
The concept of a dualistic theory of cellular control it 
cyclic AMP and cyclic GMP both in their antagonistic 
logical effects** and in control of fibroblast cell grow 
thus be extended to the receptor systems for adenyl an 
cyclase of the plasma membrane and their respect 
These systems may possibly initiate cell growtl 
GMP or expression of specialised and diffe 
through cyclic AMP. Though such a genera 
promise not only for physiological events bui e 





this relationship. Analysis of cyclic AMP and cycl 
concentrations throughout the cell cycle in synchronis 
blasts show that the specific, transient increase in cyc 
occurs early in the GI phase, whereas cyclic AM 
rhythmic changes during the cell cycle®. Results with 
also stress the possible importance of a negative inter 
between the two cyclic nucleotide systems. It» would 
surprising if growth induction in different organs or 
the intact animal were to be primarily controlled by a1 
of polypeptide hormones, from the pituitary and subr 
glands’, which bind to the cell. surface and activ: 
guanyl cyclase system, the specificity of the inductive | 
being determined by differences between surface recep 
the various target cells. This could then liberate the a 
cyclase system for use by those hormones or factors cone 
with the synthesis and release of specialised products 
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-Evidence for a unique kind of a-type 
globin chain in early mammalian embryos 


MAMMALIAN embryonic haemoglobins are synthesised in 
nucleated erythroid cells derived from the yolk sac!. They are 
structurally different from foetal and adult haemoglobins. 
It has been generally assumed that the difference of embryonic 
to foetal or adult haemoglobin is solely due to an embryonic 
_ globin chain structurally related to the B chain. It was believed 
that embryos either synthesise no a-type chain at all or an 
a chain structurally identical to the adult a chain?:3. 

In mice and in rabbits we show the existence of a unique 
embryonic globin chain (x chain). The different x chains of the 
two species are closely related in respect to their primary 
structure and are very similar to the € chain of the human 
haemoglobin Portland 1%. The © chain can therefore be con- 
sidered to be a human x-type chain. It was suggested that a 
haemoglobin found in early human embryos is identical with 
Portland | (refs 6-8). 

The presented structural data and the functional relation- 
ship of x and a chains prove that the x chains are in fact a-type 
chains. Furthermore, we find more structural similarities 
between the x chains of different species than between the x 
and a chains of the same species. This indicates an early 
evolutionary divergence of x- and a-chain genes and demon- 
strates another case of gene duplication of globin genes during 
evolution’. 

The embryonic haemoglobins of BALB/c mice and of New 
Zealand white rabbits were isolated. Embryonic haemoglobins 
can be separated from adult haemoglobins by column chroma- 
tography or acrylamide gel electrophoresis. Using CMCwrea 
columns, three embryonic haemoglobins are observed in neice: 
HbE,, HbE,,, HbE,,;. The tetramer of HbE, consists of a pair 
of non-a and a pair of non-B chains: xaya; HbE,; and HbE,,, 
consist of a pair of a and a pair of nen-8 chains ayz and az, 
respectively!™®, y and z chains are similar to the B chain and 
can be regarded as ¢ chains (refs 11-13 and our own observa- 
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tions, to be published). Using a pH gradient and CMC columns, 
we found that embryonic haemoglobins of the rabbit consist of 
at least six haemoglobin fractions: a group of three early 
eluting embryonic haemoglobins HbE,-HbE,,, with the chain 
composition Xf plus a group of late eluting embryonic 
haemoglobins HbL,-HbL,,, with the chain composition a£o. 
There are at least two structurally different ¢-chains (ref 
li and our results). 

Mice and rabbit x chains were separated by chromato- 
graphy~15, In mice the y chain frequently eluted close to the 
x chain; in rabbits separation between x and g chains is 
usually incomplete. The x chains were digested by trypsin and 
the tryptic peptides were separated by the fingerprinting 
method. The amino acid composition of the tryptic peptides 
is shown in Table 1. They were compared with a and ® chain 
sequences of mouse, rabbit and carp. According to the prin- 
ciple of least dissimilarity, the best correspondence was 
obtained using the a chains as a reference. Two peptides of the 
x chains are identical with typical a-chain peptides (residues 
93-99 and 140-141). Several other peptides of the two x chains 
are similar to a-chain sequences (Table 1, Fig. 1). None of the 
peptides shows an amino acid composition with closer corres- 
pondence to B than to a chain peptides. 

Comparing the difference of x and a chains of the same 
species we found that in the mouse x chain 29 amino acid 
substitutions are necessary in order to match a sequence of 87 
amino acid residues of the a chain. The minimum difference 
of this stretch is 33%. The difference, if the complete chains 
are compared, is probably higher, since several x chain peptides 
are so different from a-chain peptides that they could not be 
matched at all (Table 1). 

In the rabbit x chain we found 24 amino acid substitutions 
in comparison to a corresponding sequence stretch of 67 
amino acid residues of the rabbit a-chain which would reflect 
a structural difference of 36%. The difference of the human 
x to the human a chain is in the same order of magnitude 
with II substitutions of a corresponding a chain sequence 
38 amino acids long. 

Human, mouse and rabbit x chains show much more 
sequence homology than the x and a chains of the same species. 
The difference between corresponding peptides with 49 amino 
acid residues of mouse and rabbit x chains is nine amino acid 
substitutions, whereas the difference between mouse x and 
mouse a chain is 19 substitutions. The difference between 
mouse and human x chains of a sequence of 39 amino acid 
residues is six substitutions, whereas the difference between 
mouse x- and mouse a-chain is 13 substitutions. Finally, the 
difference between rabbit x- and human x-chains is six sub- 
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Fig.el The amino acai compositions of the tryptic peptides of 
the human ¢ cham and of mouse and rabbit x chains (Tables I 
and 2) were sufficiently similar to some a-chain peptides. The 
composition data of the human € chain were taken from Capp 
.* et alè. The sequence homoiogies are shown. 
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Fig. 2 Scheme of the “saliches of human haemoglobin chains during ontogenesis. The type of haemoglobin which- is synthe 


not organ specific with. he possible exception of embryonic haemoglobins. For the time course of n in yolk sat 
_ spleen and bone marrow we used the data cited by Metcalf and Moore’. 










stitutions of a stretch of 39 amino acid residues, the difference 
between rabbit x and rabbit a chain is 13 amino acids. It is 
only possible to place a rabbit x-chain peptide into position 
71-82 if the insertion of one amino acid in position 63a is 
accepted. This additional amino acid is also present in the 
a chain of the carp (Fig. I). 

We also tried to obtain data on the time of synthesis of the 
embryonic globin chains in the course of embryogenesis. 
Mouse yolk sac erythropoiesis starts at day 7 of gestation and is 
succeeded by liver erythropoiesis at day !2-14(ref 10). It was pre- 
viously shown that the relative rates of synthesis of the three 


Table 1 Amino acid composition data of the tryptic peptides of mouse and rabbit embryonic x chains 
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*a: residues. 

tb: nearest whole number of residues. 

¢ Phenylalanine is present. 

5 Half cystine is usually destroyed during hydrdfysis. bd 
i} Proline is present. 


The embryonic globin chains of mouse and rabbit were separated as described (11,16). The x chains were digested with trypsin and after separa 
‘by fingerprinting the amino acid composition analysis was carried out as described (15), Ling! indicates the residue numbers that were. homologised 
sequences. The composition data of peptides that could not E: 2 homologised to a-chain peptides are also given in the last columns Ñ.: 





A. Mouse: Residue no. which homologised to known «a chain sequences 


83-89 





























































embryonic haemoglobins change during the cour É 
genesis. Synthesis of HbE, decreases markedly 
synthesis of HbE,, increases during embryonic deve 
The synthesis of HbE,,; seems to decrease as well’’. 

The rate of synthesis of embryonic globin ch 
determined by labelling embryonic mouse yolk. sac 
day 9.5 of gestation with °H-leucine at 37° C for 6 h in le 
free tissue culture medium, and at day 11.0 with. 
hydrolysate in amino acid free medium? Our data 
during the time from day 9.5 to day 11.0 of ges à 
of synthesis of the s-type globin chains (y and 2): sta 








93--99 bene rs fy thas 
b a È a ob b b a b a b ga 5 

fo È Lil 
i 


eae’ 
al 
(re 
— 
~~ 
neni 
‘taht 


noc 
No 
Po 


oS 
wos 
pa me 


ae Pad 


Gh md Sb 
EFTE TAD ewe ve 





















776 


on the other hand the synthesis of the x chain decreases from 
18% to 9% while there is an increase of a-chain synthesis from 
82%, to 91°. The decrease of x-chain synthesis is thus com- 
pensated by an increase of a-chain synthesis. 

Similar data have been obtained for the embryonic haemo- 
globins of the rabbit. Those haemoglobins which contain 
x and £ chains (HbE,—-HbE,,,) show a decrease of the rate of 
synthesis, whereas those containing a and g chains 
(HbL,-HbL,,,) increase correspondingly during yolk sac 
differentiation™. These data show that x- and a-chain synthesis 
in both species is inversely correlated. 

This and the above cited structural evidence proves that the 
x chain takes the place of the a chain during early embryo- 
genesis. The x chain therefore could be expected to compensate 
for the a chain in situations where no a-chain synthesis is 
possible. Haemoglobin Portland ! tetramer containing Xaya 
is observed in infants with homozygous a-thalassaemia’’*. 

These data taken together with suggestive evidence of others 
on the human x chain®~* lead us to propose the following 
scheme of development of globin chain synthesis in man 
(Fig. 2). As in mice and rabbits we expect, during early yolk 
sac erythropoiesis, predominantly haemoglobins of the con- 
stitution XÆ Later, but during yolk sac erythroid differentia- 
tion, the a chain replaces the x chain to give haemoglobins of 
the constitution O£. The e chain is replaced by the B chain 
after the switch of erythropoiesis from the yolk sac to the foetal 
liver. 

In view of this scheme, the existence of g, in human foetuses 
remains unexplained**. No e,-type haemoglobins have been 
observed by us during the embryonic phase of erythroid 
differentiation in mice and rabbits. It might well be that the 
globin x chains of the embryonic haemoglobins x£» are de- 
graded at a different rate thus leading to the formation of the 
€, tetramer which is found in human foetuses. 

A structural comparison of x and a chains of mice, rabbits 
and of man® shows the existence of a group of embryonic 
x-type chains which have many features in common. Our data 
show that the x-chain genes of all three species have evolved 
from a common ancestor gene which in turn is derived from an 
ancestral a-globin gene by gene duplication. We do not know 
when this duplication occurred, but the many similarities 
within the three investigated mammalian x chains and the large 
common difference as compared to the a-chains suggest that the 
divergence of a and x chains is much older than mammalian 
evolution. 

This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft to G.S. and W.O. We thank Miss 
Andrea Albrecht for technical assistance. 
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Hormonal control of oestrogen receptor 
in uterus and receptivity for 
ovoimplantation in the rat 


THREE distinct states of the rat uterus with respect to ovo- 
implantation have been described. The prereceptive stage 
lasting from day I to day 4 is followed by receptivity during 
day 5; finally, during a postreceptive period from day 6 
onwards, transferred mature blastocysts do not implant if 
implantation on day 5 has been prevented’. Analogous 
situations can be created in the castrated animal by treat- 
ment with a precise sequence of hormones; a minimum 
of 2 d of progesterone preparation is necessary to obtain, 
18 h after the subsequent administration of a small dose 
of oestrogen the state of receptivity for ovoimplantation 
which will last for approximately 12 h. Again, a period 
during which the fertilised egg cannot implant will follow 
the time of receptivity, as shown by egg transfer 
experiments’. 

Thus in both intact and castrated animals oestrogen 
seems to be effective only after progesterone treatment. 
The possible involvement of the specific high affinity intra- 
cellular oestrogen receptor (see papers of the groups of 
Jensen, Gorski, King, Erdos, Bresciani, Jungblut and this 
laboratory in ref. 2) in the control of tissue responsiveness 
for oestrogen has therefore been examined. We have studied 
the influence of progesterone and oestradiol on the level of 
oestrogen receptor in both the endometrium and myo- 
metrium of the castrated rat uterus. We have compared the 
results with the variations observed during early pregnancy. 
There is strong evidence that the presence of such receptors 
in the cytoplasm is necessary to mediate the action of 
oestrogen hormones on the target tissues’. 

We separated uterine endometrium from myometrium 
by gentle scraping with a scalpel. A Scatchard® plot was 
made to show the binding of homogenised endometrium 
and myometrium supernatant fraction to “H-oestradiol (as 
described previously’ (Fig. D. A consistent difference 
between the apparent equilibrium dissociation constants of 
the receptor-hormone complexes of the endometrium 
Ke=3x10°°-5X 10°°M) and myometrium (Ke=6X 10- 
9x10 M) may reflect different degree of interference of 
low-affinity sites on the binding equilibrium, since straight 
line Scatchard plots indicating a single class of high-affinity 
binding sites are obtained when the whole uterus homo- 
genate is used as the source of the supernatant receptor™*, 

The, variations inethe receptor concentration during 
pregnancy up to day 8 are shown in Fig. 2. Whether related 
to total soluble protein or to DNA content of the tissue, 
the, gndometrium receptor concentration first decreased 
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for 30 min at 30° C. The receptor bound to unbound 
‘B/U) hormone ratio and the concentration of hormone 
bound (B) to low-affinity receptor sites in equilibrium 
solutions (0.2 ml) containing 0.2, 0.5, 1.0 or 2.0 nM 
3H-oestradiol were determined by adsorption with charcoal 
(0.25%, Norit A)-dextran (0.0025°%,, molecular weight 90,000) 
suspension (0.5 ml) for 10 min at 30° C (ref. 4.) The 
concentration of the oestrogen receptor binding sites is 
indicated by the intercept of the experimental straight lines 
on the abcissa: the inverse slopes of the respective straight 
lines are equal to the equilibrium dissociation constants 
(3.5x10°"°M for the endometrium, 6.25x10°'°M for the 
“myometrium preparation). Although by this technique only 
directly available specific binding sites are measured, it has 
been demonstrated’ that the concentration of endogenous 
oestrogen in cytosol is negligible under physiological con- 
ditions (oestrus cycle and early pregnancy) when compared 
to the amount of receptor. The measurement of the receptor 
concentration in low-speed and in high-speed (105,000g x 
60 min) supernatant preparations of rat uterine tissue has 
been shown to yield identical results’®. 


slightly from day 1 to day 2 to rise strongly thereafter. The 
receptor concentration decreased between days 5 and 8 as 
seen clearly when expressed on a DNA basis. The values 
for the myometrium receptor are considerably lower and 
the variations less marked. 

It is known that the secretion of both oestradiol and 
progesterone in the pregnant rat increases from the evening 
of day 2 and remains substantially elevated from days 3 to 
10 (refs 5,6). Therefore we performed an ovariectomy on the 
morning of day 2 of pregnancy. We measured the influence 
of oestrogen and progesterone on the level of oestrogen 
receptor in the uterus of rats 3 weeks after the ovariectomy. 
The results are shown in Fig. 2. Both hormones, alone and in 
combination, caused an increase in the endometrial receptor 
level. The increase was due partly to cell proliferation but 
also to a rise in the cellular concentration of the receptor. 
There was no additivity of oestrogen and progesterone 
(simultaneously administered) under these experimental 
conditions. Progesterone showed little effect on the myo- 
metrium, whereas oestradiol caused a large increase in the 
content of myometrium receptor, eompared with, soluble 
protein and total DNA. The oestradiol effect on myo- 
metrium was significantly counteracted by a simultaneous 


progesterone administration. vá 







Next we examined the hormone requirements for the . 
maintenance of the elevated endometrium receptor con- 
centration during pregnancy. Rats were castrated on the 
morning of day 4, and subsequently treated either with 
progesterone alone or with a combination of progesterone — 
and oestradiol. The receptor concentrations were measured 
on the following day and compared with these in untreated 
castrated rats and in intact pregnant controls. We found 
that neither castration nor the subsequent hormone replace- .-__ . 
ment lead to marked differences in the endometrium ree = 
ceptor level within 24 h. This observation is in agreement —_ 
with the slow turnover rate of uterine oestrogen receptor _ 
(half-life about 5 d) reported by other authors’. es 

In summary, although the presence of oestrogen receptors. ESS 
in the rat endometrium cells may be necessary (maximum. ve 
levels coinciding with the period of oestrogen sensitivity = 
and implantation), it does not seem to be sufficient toexplains o 
the oestrogen effects, since a high level of receptor is found > 
also at stages of pregnancy when oestradiol fails to induce ` 
endometrium receptivity for ovoimplantation’. Progesterone 
has only been clearly shown to influence the level of- 
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_ Fig. 3 Effect of progesterone and oestradiol treatment on 
¿© the endometrium and myometrium oestrogen receptor 
concentrations in castrated rats. The concentration of 
o estrogen binding sites in the low speed supernatant 
. preparation was determined as shown in Fig. 1 in endo- 
ometrium of individual rats (whole bars) or in pooled 
myometrium (shaded part of the bars, four rats per 
determination), The rats received subcutaneously: the vehicle 
(propylene glycol) alone (control, C), progesterone (P, 5 mg 
per injection), oestradiol (E, 0.25 yg per injection) or both 
hormones (P+E). The treatment was repeated twice with 
an interval of 24 h and the animals were killed 24 h after 
tae second injection. The vertical lines represent standard 
deviation of the mean (four determinations). 


oestradiol receptors in the endometrium, the changes in 
the myometrium being disputable. This, together with the 
lack of systematic study, may account for the fact that the 
progesterone effect on the uterine oestrogen receptor has 
escaped earlier detection. Whether the progesterone effect 
on oestrogen receptor is realised through the stimulation of 
receptor synthesis or activation in all or only certain cells, 
or through the preferential stimulation of mitotic activity 
of oestrogen-responsive cells, remains to be explored. 

Perhaps of even greater interest is the antagonistic effect 
of progesterone in the oestradiol stimulation of the oestro- 
gen receptor level in the myometrium. The observed varia- 
tions in the receptor concentration in the endometrium and 
myometrium between days 2 and 5 of gestation can best be 
interpreted by simultaneous action of the two hormones. 
There is therefore a possibility that by blocking the increase 
of oestrogen receptor level in the myometrium, progesterone 
inhibits the excitatory action of oestradiol" and thus favours 
implantation. This negative aspect of progesterone action 
could be as important as the increase of the endometrium 
oestrogen receptor which it provokes. A study of changes 
in the progesterone receptor has recently been published’. 
This work provides another model system where the anta- 
gonistic and synergistic effects of oestradiol and pro- 
gesterone may be studied at a molecular level. 
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Methylmercury is a potent 
inhibitor of membrane adenyl cyclase 


THE toxicity of methylmercury has taken on added im- 
portance since it was discovered that inorganic mercury 
can be converted to methylmercury by bacteria in bottom 
sediments of lakes and homogenates of rotting fish’. The 
mechanism for methylation of inorganic mercury by bacteria 
has been described in some detail‘. Although there have 
been several documented incidents involving the toxicity of 
alkylmercury derivates’~*, the basis for methylmercury toxi- 
city has not been defined unambiguously. One possible 
target site for methylmercury—the plasma membrane—is 
described in this communication. 

Many macromolecules in mammalian cells could be modi- 
fied chemically by methylmercury. In principle, any enzyme 
with an essential sulphydryl group is a potential target for 
methylmercury. However, components of the plasma 
membrane must be given primary consideration since methyl- 
mercury is lipid-soluble’ and the plasma membrane is the 
cellular organelle most vulnerable to external agents. An 
examination of central nerve tissue from victims of the 
Minamata disaster in Japan revealed considerable morpho- 
logical damage to plasma membranes’? and methylmercury 
has been reported to catalyse the hydration and hydrolysis 
of plasmalogens, when the reaction was examined in 
methylene chloride”. Alternatively, it is important to de- 
termine whether or not functional proteins in plasma mem- 
branes are sensitive to methylmercury. Crucial membrane 
activities known to be inhibited by sulphydryl reagents 
include adenosine triphosphatases, acetylcholine esterase, 
adenyl cyclase, transport systems, depolarisation phenomena 
in nerve and muscle tissue and hormone binding”. We have 
now found that methylmercury is a potent inhibitor of 
adenyl cyclase in rat liver plasma membranes. 


PENE T A A E A N EA 
Table 1 Inhibition of membrane adenyl cyclase by sulphydryl reagents 


*Concentration for 50% 
inhibition (M) 


Sulphydryl reagents 


lodoacetic acid a I0 
Todoacetamide 3 x 10-4 
N-ethylmaleimide ~i x 10-384 
p-CMB 5 x 10 “FT 
p-Cflloromercuripheny! sulphonate 4 x t0} 
5-Bromo-5-phenyl-barbiturate 6 x 10 
Mercuric chloride ~~i x 1076 
MethI mercury chloride 1 x 107? 


aseaenaneenenenents aa naana 
* Rat liver membranes incubated for 15 min at 30° C with the 
sulphydryl reagent. 
+ Rat liver membranes incubated at 22° C for 15 min”, 
$ @Heart muscle adenyl cyclase at 37° C (ref. 16). 









Nature Vol, 250 August 30 1974 

Methylmercury chloride was synthesised by the method of 
Imura er al.’*. Purity was verified by thin-layer silica gel 
chromatography developed with diethyl ether: petroleum 
ether (3:7). The concentration of aqueous solutions of 
methylmercury chloride was quantitated using a Coleman 
mercury analyser. Rat liver plasma membranes were pre- 
pared by the Neville procedure as modified by Rodbell’? and 
adenyl cyclase was assayed by the Krishna technique”. The 
final assay media contained 25 mM Tris, pH 7.6, 1 mM 
EDTA, 5 mM MgCl, 5 mM theophylline, 15 mM NaF, 
1 mM *H— ATP (2.5 pCi) 2 mM cyclic AMP, 20 mM 
creatine phosphate, 1 mg ml~’ creatine kinase and 0.1% 
bovine serum albumin. Membranes were treated with me. 
mercury chloride by incubating a sample (80 ug protein) 
with 200 ul of 0.01 M phosphate buffer, pH 7.00, containing 
various amounts of methylmercury chloride. After 15 min 
of incubation, 5 ml of. phosphate buffer was added and 
membranes were centrifuged at 20,000¢ for 10 min at 4° C. 
The pellet was dispersed carefully in buffer using a 20 
gauge hypodermic needle and assayed in quadruplet for 
NaF stimulated adenyl cyclase activity. Enzyme activity is 
expressed relative to.the control which consisted of mem- 
branes treated as described above with buffer containing no 
methylmercury chloride. The control membranes catalysed 
the formation of, 1.00 nmol cyclic AMP per mg protein per 
10 min in the presence of NaF. | 

Adenyl cyclase activity in rat liver plasma membranes 
proved to be extremely sensitive to methylmercury chloride 
(Fig. 1). Concentrations of methylmercury chloride as low 
as 10°“ to 10°° M partially inhibited enzyme activity. Fifty 
per cent inhibition occurred at 1 x 107 M when incuba- 
tion was carried out at 30° C for 15 min. This inhibition 
was not due to inhibition of the ATP regenerating system 
in the assay since the membranes treated with methyl- 
mercury were washed thoroughly before assaying for adenyl 
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Percentage of Na F- activated adenyl cyclase activity 
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Fig. 1 Concentration dependence for methyimercury inhibition 
of adenyl cyclase. Rat liver plasma membranes were incubated 
with various concentrations of EYRE rury chloride for 15 


cranes were saved for NaF simulated adenyl cyclase act- 


ivity as described in the text. k 






cyclase activity, and creatine kinase would have been: m 
excess of methylmercury even without washing. It is interest- 
ing that when membranes were incubated with methyl- 
mercury at 4° C adenyl cyclase was not inhibited. It is- 
possible that inhibition of membrane adenyl cyclase activity — 
requires diffusion of the inhibitor through the membrane —. 
phase, which could be reduced drastically below the thermal s 
transition point of the lipids. Inhibition by methylmercury 

at 30° C was reversed by mercaptoethanol but only 80% of 


the original activity could be restored. 


The effectiveness of methylmercury as an inhibitor of coe 
adenyl cyclase is compared with several other sulphydryl ao 
reagents in Table 1. Methylmercury is the most potent in- | 
hibitor of adenyl cyclase reported so far. Two properties of | _ 
methylmercury probably account for this: first, organo- 
mercurials generally react quite rapidly with protein sul-. | 
phydryl groups; secondly, methylmercury is quite lipid- 
soluble and would be expected to concentrate in the 
membrane phase when distributed between an aqueous: 
phase and membranes. r 

The molecular basis for methylmercury toxicity is not : 
known and there may of course be multiple effects. But, 
any consideration of alkylmercury toxicity must take into 
account the sensitivity of adenyl cyclase to methylmercury 
and the pivotal role this enzyme plays in the metabolism of 
mammalian celis. 

This. work was supported by a grant from the US National - 
Science Foundation. k 
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Effects of thyroid state 


on adrenoceptor properties 

R&cENT studies with frog hearts have shown that the. 
atirenoceptors that mediate inotropic responses are altered 
qualitatively by ambient temperature’~*. The characteristics 
of these receptors changed from £ to a when the tempera-. 
ture of the isolated hearts was reduced through a critical 
rang® of 17°~22° C, which suggested that a and 8 adreno- 














| Effect of altered thyroid state o 


or “Control P 
"Isoproterenol 8.83+0.16* <0.005 
Noradrenaline 1124008 < 0.005 
Phenylephrine 5.45 + O08 < 0.05 
(20) 












ceptors represent allosteric conformations of the same 
< Structure’, Although a change in adenoceptor characteristics 
qualitatively similar to that found in the frog heart seems 
to occur in the mammalian myocardium’, the physio- 
logical significance of a temperature-induced change is 
obviously limited in homeothermic species. But, several 
observations indicate that conditions which promote a- 
noceptor properties, including cold’~*, iodoacetate or 
acetate’ or dinitrophenol', inactivity of skeletal 
‘and increased vagal influence on the myocardium’, 
ciated with a decrease in metabolic activity. There- 
d possible that hypothyroidism would produce 
changes in receptor properties. We report here that 
acteristics of adrenoceptors mediating inotropic 
hypothyroid rats are similar to those in normal 
sat low temperatures. 
ypothyroidism was induced in male Sprague~Dawley rats 
0-220 g) by surgical thyroidectomy. Experiments were 
ormed on isolated left atria 6-10 weeks after the opera- 
By this time growth was retarded and the fur was dry. 
Serum thyroxin levels determined by the competitive protein 
_ binding assay’ were significantly lower (25 + 4 ng ml~*) than 
those of control animals (57 + 6 ng mi~’). Control prepara- 
tions were from either sham-operated age-matched, or 
weight-matched animals. The results from the two control 
-groups were almost identical and were pooled. A third group 
consisted of thyroidectomised rats injected daily with 
-thyroxin (Ta, 1.0 mg kg~’) or triiodothyronine (Ts, 0.25 mg 
_kg~') for 1 week before use. The animals were anaesthetised 
with ether and the hearts were removed immediately. The 
‘left atria were suspended in Krebs-Henseleit solution at 
-31° C bubbled with 5% CO, in O: and were stimulated 
-through platinum electrodes with square-wave pulses at a 
voltage slightly above threshold, a duration of 3 ms and a 
rate of 1 Hz. Isometric contractions were recorded by a 
force-displacement transducer and Grass polygraph. 
Cumulative concentration-response curves for various 
agonists were determined before and after a 40 min incuba- 
tion with propranolol (0.04-4.0 uM) or *H-phenoxybenza- 
‘mine C@H-POB, specific activity 33 mCi mmol~', 7.3 aM). 
-= Responses are expressed as percentage of the maximal con- 
_. trol response. Atria exposed to *H-POB were washed for 
2 beand then dismounted and freeze dried. The dry tissue 
_ was weighed and dissolved in NCS tissue solubiliser; radio- 
|. activity was measured in a liquid scintillation counter. The 
_ retained radioactivity is expressed as d.p.m. per mg dry 
weight. 
































s.e. of log dose-ratio (logarithm of the ratio of N 
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Table 2 Effect of altered thyroid state on the inhibitory potency of propranolol 





ed 
rig OF kg . 
7.81-0.19 <0.005 9.45 40.21 
(13) EO 
6.20 +0.04 <0.005 7.27 -£0.14 
(40) (13) 
5.74 +0.10 < 0.05 3.38 +0.11 
(32) (8) 


Thyroidectomy did not significantly alter either the basal 
contractile force of left atria or the maximal increase in 
force produced by the sympathomimetics tested. But, selec- 
tive changes in sensitivity to the various amines were re- 
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Noradrenaline (M) Phenylephrine (M) 


Fig. 1 Effects of phenoxybenzamine on inotropic responses 

of rat left atria to noradrenaline and phenylephrine. Rats 

were normal (a), thyroidectomised (b); and thyroidectomised 

+T; or T, (c). O, Control responses; @, after exposure to 

phenoxybenzamine (7.3 4M): A, after exposure to phenoxy- 

benzamine (7.3 aM) in the presence of phentolamine (26.5 
EM). Means + s.e. are shown. 





Propranolol Control P Thyroidectomised P Thyroidectomised 
(uM) +T,orT, 
0.04 0.70-+-0.09* <0.05 0.37 +007 < 0.05 0.75 +0.10 
(11) R (7) (5) 
0.4 1.84+- an <0.005 5 0.704 or < 0.005 1.70+-0.21 
8 (5) 
4.0 3.01 4-0.37  <0.005 1.39+-0.07 < 0.005 2.54-+0,38 
(5) (8) ¢ 4 (5) 





Tat NA ED, 0s after and before propranolol). Numbers of experiments are given in 
parentheses. P values indicate significance of diffgrgnces between adjacent groups. 
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flected in significant changes in the concentrations producing 
half-maximal responses. Table 1 shows that the sensitivity 
of atria to isoproterenol and noradrenaline, agonists with 
predominantly -adrenoceptor activity in the heart, was 
significantly lower, whereas sensitivity to the a-adrenoceptor 
agonist phenylephrine was significantly higher in the 
thyroidectomised than in the control rats. Sensitivities to 
all three agonists were returned to or beyond the control 
values in the thyroidectomised animals treated with thyroid 
hormone. There were also reciprocal changes in the effec- 
tiveness of a and B-adrenoceptor antagonists. The inhibitory 
potency of propranolol was at least ten times less in the 
thyroidectomised than in either the control or the thyro- 
idectomised, hormone-treated groups (Table 2). Conversely, 
POB inhibited inotropic responses more effectively in hypo- 
thyroid than in the other groups (Fig. 1). In control atria 
POB potentiated inotropic responses to noradrenaline and 
moderately inhibited those to phenylephrine. In prepara- 
tions from thyroidectomised rats a similar exposure to POB 
partially inhibited responses to noradrenaline and blocked 
those to phenylephrine significantly more than in the con- 
trols. Maximal responses of these preparations to CaCl. were 
unaltered by POB. Thyroid hormone treatment reduced 
the effectiveness of POB on responses to both noradrenaline 
and phenylephrine to about the control level. In association 
with the increased blockade, significantly more *H-POB was 
bound to the hypothyroid myocardium (25,122 + 1,365 
d.p.m. ml”! dry weight) than to preparations from either 
control (19,310 + 1,176) or thyroidectomised, hormone- 
treated rats (16,384 + 857). When atria from thyro- 
idectomised rats were exposed to “H-POB in the presence 
of 26.5 #M phentolamine, protection of a adrenoceptors 
was shown by a significant reduction in both the blocking 
effectiveness (Fig. 1, dotted lines) and the binding of 
7H-POB (18,212 + 1,190). These data indicate the presence 
in hearts from hypothyroid rats of a adrenoceptors that are 
absent or are unreactive with POB in euthyroid animals. 
They also suggest that, as in frog hearts at low tempera- 
tures’, a adrenoceptors represent a considerably higher per- 
centage of the total binding sites for POB in hypothyroid 
mycardium than in normal vascular smooth muscle”’. 

The observed shift in the balance of a and £ adreno- 
ceptors involved in inotropic responses can be interpreted 
either as due to reciprocal changes in the sensitivity or 
availability of two independent pools of receptors, or to a 
single type of adrenoceptor that is qualitatively altered by 
changes in thyroid state. The experiments reported here do 
not distinguish between these possibilities. But, analogies 
between this model and temperature-induced receptor trans- 
formation, where the second interpretation was supported 
by the observation that £ adrenoceptors did not appear at 
high temperatures after a adenoceptors had been alkylated 
irreversibly at a low temperature’, suggest that the changes 
in responsiveness produced by altered thyroid hormone 
levels reflect an interconversion of myocardial a and £ 
adrenoceptors. In view of the reported sensitivity of allo- 
steric systems to thyroid hormones”, this interconversion 
can be envisaged as an allosteric change in a single basic 
type of adrenoceptor, as proposed earlier’. 

Such a change in adrenoceptor characteristics due to 
altered thyroid hormone levels could explain several pub- 
lished observations, including a decreased blocking potency 
of propranolol in the hearts of hypothyroid rats”, a selective 
increase in adrenergic stimulation of the aorta of hypo- 
thyroid rabbits", a diminished lypolytic response to nora- 
drenaline in adipose tissue from hypothyroid human 
subjects’, a decreased adrenergic vasoconstriction, reversed 
by pronethalol, in the hind limbs of hyperthyroid dogs**, and 
an increased sensitivity to phenylephrine and decreased 
sensitivity to isoproterenol of atria from propylthiouracy!]- 
pretreated rats’””. 

Although both a and 8 adrenoceptors can mediate posi- 


tive inotropic responses in the mammalian myocardium”, 
the underlying mechanisms may differ. It has been reported 
that stimulation of a adrenoceptors is not associated with 
an ‘oxygen-wasting’ effect’, and is not accompanied by 
increased accumulation of cyclic AMP”. It is therefore 
tempting to speculate that changes in adrenoceptor 
characteristics play a role in the adaptation of mechanical 
responses of the myocardium to its metabolic state. 
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Stereopsis in dynamic visual noise 


A NOISE signal has the useful property that convolution 
of the output spectrum with the reciprocal of the input 
spectrum gives a measure of the characteristics of the 
transmitting system. In visual perception it is not possible 
to obtain the output spectrum directly, but an observer 
can report on features of the ‘perceptual output’ of the 
visual system’. One striking characteristic which may be 
observed is the generation of stereoscopic depth merely by 
an interocular delay in transmitting binocular dynamic 
visual noise. 

Ross? has recently described the effects of an interocular 
delay in perception of random dynamic noise (an 
electronic snowstorm) generated by a sophisticated com- 
puter technique. He interpreted his results as showing that 
a temporal rather than disparity between the two eyes may 
act as a signal for stereoscopic depth. The concept of 
stgreopsis from temporal disparity is a radical one and 
ngeds to be critically examined before being fully accepted. 
I shall describe some observations and a theoretical view- 
point which seems to provide an explanation for 
dynamic noise stegeopsis within the framework of 
steregpsis from spatial disparity. 

The display used for the observations consisted of 

































“random visual noise generated by a detuned television 
-receiyer. An interocular delay of up to 100 ms may be 
produced by the classic technique of a neutral density 
filter in front of one eye’, Observation of the dynamic 
noise with a one log unit filter (creating a delay of about 
30 ms at 10 trolands when fully adapted’) gave rise to a 
number of perceptual experiences which have been spon- 
taneously confirmed by six observers. The noise exhibits 
a considerable depth, perhaps 10% of the viewing distance, 
and also a streaming motion which is leftwards in front 
of the point of fixation and rightwards behind fixation 
with the filter over the left eye. Direction of movement 
reverses with the filter over the right eye. The motion had 
the characteristics of motion in a landscape viewed from 
a moving train, such that points near fixation rotated 
slowly whereas points well in front of or behind fixation 
moved more quickly. Movement is leftwards in front of 
fixation with the filter over the left eye. Direction of 
movement reverses if the filter is switched to the right 
eye. 

The range of interocular delays for depth probably 
depends on the density and spatial distribution of the 
_ dynamic noise. In my display depth could be perceived 
with as little as 5 ms delay and as much as 70 ms, the 
‘maximum obtainable. One interesting observation was 
that depth and in particular movement were enhanced by 
tracking the movement of one depth plane across the 
Screen. Tracking also seems to enhance the unity and 
> salience of the plane which is being tracked. In contrast 
tracking the conventional Pulfrich pendulum against a 
plain background has the effect of abolishing depth. 

As a control for any peculiarities of the television noise 
which may have influenced the results, observers tilted 
their heads from vertical to horizontal. The scan rate in 
the transverse plane through the two eyes changes from 
64 “us to 40 ms between vertical and horizontal. The plane 
of movement rotates to remain parallel to the two eyes, 





Fig. 1 4A, Sequence of possible events at three points in 
time. Left and right eyes are depicted as viewing events only 
at ta. A spot at point a is transmitted by the right eye (@) 
at time t:. As a result of the interocular delay the same spot 
_ ds transmitted to the left eye at time t: (O). If a second spot 
oe happens to appear at a’ to the right of a such as to be 
_ transmitted at time tı, a spatial disparity is produced and a 
spot will be perceived in a different depth plane at b. The 
monocular sequences of a spot at altı) followed by a spot at 
alti), and a spot at a(t.) followed by one at a’(t;) are both 
preconditions for monocular apparent movement to the 
tight, which may therefore be associated with the spot at 
depth b. B, reversal of both depth and movement when the 
second spot appears to the left of a at a” rather than the 
right. In a random display both sequences A and B will 
_ occur, producing both rightward movement behind the point 
_ Of fixation and leftward movement im front. The distances 
- from a to a’ and a to a” will vary with a Poisson distribwtion 
depending on the density of the visual noise. 
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and otherwise no change in the percepts described was 
reported. 

These observations confirm that stereopsis may be 
obtained by interocular delay in viewing random noise. In 
this situation there is no correlation between the signals 
from the two eyes at any instant in time. It is therefore 
difficult to understand what can give rise to a perception 
of a range of disparities in the stimulus. The model I 
propose is based on the assumption that the two percepts 
of depth and movement arise from the same operation on 
the dynamic noise stimulus. Thus Ross’s hypothesis of 
depth produced by temporal disparity also implies that 
movement can be produced by temporal differences alone, 
whereas logically movement involves both temporal and 
spatial displacement. To resolve this difficulty, I considered 
the microstructure of the dynamic noise, rather than 
regarding it as random and therefore unpatterned. Figure 
I shows how depth and movement both arise from chance 
associations of points at different times in the random 
display. The single postulate of an association between 
depth and movement arising from the same pair of points 
is all that is required to produce the percept of a right- 
ward-moving spot behind the plane of fixation. Such an 
association between the monocular movement and bino- 
cular depth is not unlikely since stationary monocular 
stimuli tend to be drawn to a stereoscopically defined 
depth’. 

It is difficult to reconcile Ross’s description of a single 
depth plane with the dense range of depths reported by 
my observers. 

Preliminary observations of my dynamic noise stimulus 
with a dark central square confirm that depth is now per- 
ceived predominantly to the rear of the plane of the card. 
This may be due both to gestalt figural organisation 
favouring an underlying as against overlying interrupted 
surface, and to the difficulty of making tracking eye 
movements with the square present. 

My observations support the hypothesis that an 
interoculer delay produces a random distribution of spatial 
disparities in a dynamic noise stimulus. Each disparity is 
associated with a certain rate of apparent movement, 
giving rise to the perception of moving depth planes. The 
observations may thus be accommodated within the con- 
ventional framework of stereoscopic theory. 

I thank Stuart Anstis for discussions. This work was 
supported by an SRC grant. 
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Contractlity in Spirostomum provides 

for nonelectrogenic calcium regulation 
through energy-dissipative metabolic processes 
in the absence of membrane excitability 


ATTEMPTS to carry out in vivo pharmacological analyses 
of the events leading to contraction in fast acting muscle 
systems have been hampered by problems due to, for 
example, intracellular diffusion, cell-cell interactions and 
extracellular control mechanisms, which arise in part 
because of the multgcellular organisation of many ver- 
tebrate muscle systems. Their effect is to impede accurate 
measurement of rapid changes in the physiological and 
ultgagtructural states throughout the system in response to 
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ific. stimuli. The most troublesome aspects of these 
“problems can be bypassed through the use of single-celled 
models which have the same properties of excitability as 
-do muscle systems. 

An essential feature of contraction in the ciliated pro- 
tozoan Spirostomum, as in muscle, is the requirement for 
‘calcium to couple stimulation and contraction. There is a 
temporal relationship between calcium release into the 
cytoplasm and the onset of contraction in cells micro- 
injected with the calcium-sensitive, bioluminescent protein 
aequorin'. In spite of the similarity in calcium dependency, 
systems such as Spirostomum and muscle differ in the ultra- 
structural organisation and energy requirements of their 
contractile apparatus’~*. In addition, Spirostomum responds 
to many chemical and physical stimuli in the absence of 
recordable changes in the electrical properties of the cell 
membrane’. The response is a very specific set of contrac- 
tions and provides a means of examining the biochemical 
pathways which may regulate calcium release during 
pharmacomechanical stimulation. 

Dikstein” suggested that several redox systems in cells 
are in such tight equilibrium with redox substrates and 
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products as to affect ATPase activity, energy coupling and 
excitation. Such regulation of metabolic activity can 
be studied by varying the redox ratio NADPH: NADP* 
(and NADH: NAD* ratio through transhydrogenation). 
Some NADPH is generated during the biosynthesis of 
pentose monophosphates, and it functions as a reducing 
equivalent in the biosynthesis of fatty acids, steroids ‘and 
certain purines. Some of the reducing equivalents from 
NADP are oxidised through the microsomal respiratory 
chain mediated by cytochrome P-450 and atmospheric 
oxygen as part of the hydration of toxic substances®. The 
availability of NADPH can be controlled by an inter- 
mediate hydrogen carrier, phenazine methosulphate (PMS), 
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Fig. 2 Influence of PMS on cells depolarised in high Ke 
medium. The most significant effect occurs at 40 mM: K4 
when there is a 33% decrease in the maximum number- 
contractures exhibited by the cell under conditions of max 
mal stimulation. Concentrations of KCl: ©, 10 mM; As 

20 mM: W, 40 mM. : 


which accepts hydrogen from NADPH (and NADH) a an 
transmits it to a suitable oxidising agent such as neo 
trazolium or oxygen. This generates an energy sink a 
deprives mitochondria of reduced substrates. — Pine: 

When we treated Spirostomum with 107° M 
10° M PMS in a medium consisting of 2 mM NaCl: 
mM KCI: 0.05 mM CaCl; O.1 mM KH2PO,, and 0.1 
KOH (pH 6.3) contractures were induced in each. 
(Fig. 1). Data were tabulated according to the met 
Sleigh’ who counted contractures per minute for s 
cells at regular intervals as a direct assay of their beh 
oural responses to pharmacomechanical stimuli, At 
higher concentration of PMS each cell made a max 


Contractures per cell per min 
oN 


Time (nin) 


Fig. 3 Net effect of the calcium ionophore 
10°% M (@). Total inhibition of PMS. induc: 
occurs in calcium-free Chaitey 
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of twelve contractures per minute during the first minute 
of stimulation, followed by a slower exponential decay at 
a rate of two contractures per minute until contraction 
stopped within 30 min. Further treatment with PMS did 
not elicit further contractures. To insure that PMS was 
not initiating contractures by depolarising the cell mem- 
brane, the concentration of KCI in the medium was 
adjusted at 10 mM, 20 mM and 40 mM to depolarise the 
membrane before treatment. Figure 2 shows that a maxi- 
mum of 33% depression of 10 M PMS-stimulated con- 
tractures occurred when cells were preincubated in 40 mM 
KCI. 

At the cessation of PMS-induced contractures, the 
terminals vacuole of the cell enlarged, occupying a third 
to a half of the cell volume. This indicated that the osmotic 
activity of the vacuolar space increased, possibly due to 
the sequestration of Ca** during relaxation after PMS- 
induced contractures. Vacuolar calcium concentration has 
been reported* to increase after repeated mechanical and 
electrical stimulation of Spirostomum, suggesting that PMS 
action is metabolically linked to cyclical calcium move- 
ments in the cellular compartments. To test this hypothesis, 
the calcium ionophore A-23187 (Eli-Lilly) was added to 
calcium-free and complete medium in a concentration 107 
M for 10 min before stimualtion with PMS. Preincubation 
did not affect the ciliary locomotary activity. As Fig. 3 
shows, in the presence of 0.05 mM Ca”* the cell still made 
the maximum number of contractures, but these decayed 
at two to three times the initial rate going to baseline in 
5 min. In calcium-free medium, preincubation in A-23187 
followed by PMS stimulation produced a single contraction 
from which the organisms failed to recover. These results 
suggest that the cell accumulates calctum from the medium, 
as Jones’ suggested, which would then be available for 
activation. Pautard'’ indicated tha sotme membrane-limited 
calcium is bound tightly in the form of hydroxyapatite in 
Spirostomum. Our results might also indicate the slow 
chelation of stored calcium by the ionophore and sub- 
sequent free diffusion of the ion away from sites of calcium 
storage and release. The terminal vacuole failed to enlarge 


10 
= B 
E 
bs 
eo 
[a 
D 
Lt 
=~ 6 
[on 
Ay 
Sd 
bene. 
Z 
A 
oy 
T 4 X an 
© á = 
f # ~~ em 
hay f ~-a 

P "e y 
+ 
+ 
# pe 

’ # 

+ 

we + 

x O 
e 
Pid 
x 


¢ 
# 
ee enkra © os dees on g =: soami sco of ee h o = g 
0 I 2 3 4 5 6 7 g 9 10 


Time (min) ve 


Fig. 4 Chlorpromazine depresses the response to PMS and 

acts as a delayed independent stimulus. Dicyclohexyl carba- 

diamide (DCCD) inhibits PMS-indgiced contractures by 

blocking PO, transfer reactions, x, 107° M chlorpromezine 

as inhibitor of PMS; O, 107° M chlorpromazine as stimulus: 
Li, 10 M DCCD, before and after PMS. 
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during treatment with the ionophore and PMS, indicating 
that calcium was being removed through chelation with the 
ionophore, which then prevented calcium sequestration. 

Figure 4 shows the effect of chlorphomazine and dicyclo- 
hexyl carbodiamide (DCCD), which Maran el al." reported 
to inhibit PMS activation of Vorticella, Both substances 
inhibit enzymatic reactions which involve transfers of 
inorganic phosphate. Our results indicate that DCCD 
eliminated PMS induced contractures and elicited no 
further responses. Chlorpromazine depressed the PMS res- 
ponse. This drug, however, showed some delayed activity 
of its own, independently inducing contractures between 
3 and 5 min after application. 

Our results support the concept that calcium movements, 
and hence contractility, can be influenced directly by 
changes in the metabolic state of a contractile cell 
apparently independently of any alteration in the external 
concentration of ions governing the electrical properties of 
the membrane or of contractility. Storage of Ca’* within 
cellular compartments against its electrochemical gradient 
represents a source of chemical potential energy. Presum- 
ably, the release or efflux of calcium can be coupled to 
the synthesis of energy-rich intermediates which may be 
used for resequestration and for the active processes in- 
volved in contraction”. Ultimately in Spirostomum, such a 
system would run down because the energy available to re- 
establish a calcium chemical potential is continually dep- 
leted in the presence of PMS by other active processes 
within the cell. We suggest that motile or contractile pro- 
cesses such as dividing cells, amoeboid movement, cyto- 
plasmic streaming and other processes with an implied 
calcium dependency, may well depend on local changes 
in metabolism which in turn regulate the amount of free 
calcium within various cytoplasmic compartments, 

This work was done while E.M.E. was a visiting scholar 
at the Hebrew University. 
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Inhibition of interferon 


action by plant lectins 


In spit® of various th€ories, the mechanism of the antiviral 
action of interferon? remains obscure. Previous work 
indicated that it does not have to penetrate into target cells to 
exeft its effect. Mouse interferon preparations, when covalently 
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Table 1 Effect of lectins on antiviral activity of Sepharose-bound interferon 











ie ‘Addition to cell R ail of 

~~ monolayer beads cells PHA 

`? Control Sepharose o o= — 4,096 
Control Sepharose + — 4,096 
Control Sepharose — + 4,096 
Control] Sepharose + + 4,096 
IF — Sepharose -— --- 32 
IF — Sepharose + S 128 
IF ~ Sepharose —_ 2,048-4,096 
IF — Sepharose ~f- 4,096 


Mouse L cells were cultivated in 35 mm plastic Petri dishes (5 x 10° cells per dish) in Eagle’s minimal essential medium (MEM 
Hanks salt solution, containing 10% calf serum. After removal of medium the cells were washed once with | ml PBS and incubated fo 
20° C in the presence of respective lectin solutions in PBS (0.5 m1). Thereafter the lectin solutions were removed and the cells washed - 
1 ml of PBS. IF-Sepharose, prepared as described previously’, was treated with lectin by incubating 5 x 10* beads with 0.5 ml lecti 
_in PBS for 16h at 20° C. Thereafter the beads were washed once with 4 ml PBS and suspended in 1 ml MEM without serum. Control Se 
4-B beads (Pharmacia Fine Chemicals) were treated identically. IF-Sepharose or control Sepharose beads were then added to the cells (o 
per ten cells) and incubated for 5 h at 37° C. After removal of the beads the cells were challenged with EMC at a multiplicity of infe 
0.1. (In the experiment with con A the cells were washed once with 1 ml. 
minimise toxic effects of con A.) Viral yield was determined after 16 h of incubation at 37° C by haemagglutination of human red blood « 
of type O in serial two-fold dilutions of virus suspensions’. The numbers represent the reciprocal of the highest dilution that showed ha 
glutination. The lectin preparations were used at the following protein concentrations’: PHA (Phytohaemagglutinin, M form, Grand i 
Biological Co.), 4.1 mg“! ml; con A (A grade, Calbiochem), 1.6 mg™ ml; lotus lectin (Fucose- Binding Protein, Miles), 0.22 mg” imlor 0, 67 ir 
(in parentheses). Orange lectin (prepared from Osage orange seeds according to Ahmed ef al. ë, using the material precipitating between 0 
ammonium sulphate saturation after dialysis against PBS), 12 mg ml. The same negative results as shown for Orange lectin were obtai 
with partially purified lectins from Lens culinaris and Ulex europeus. Lens lectin was prepared as described by Sage and Green’: crude extr 
were fractionated with ammonium ‘sulphate and the fraction precipitating between 33 and 66% 
resulting precipitate was dissolved in PBS to a protein concentration of 22 mg™ ml. Extracts of Ulex europeus seeds. were T 
ammonium sulphate as described by Osawa and Matsumotu™. Crude haemagglutinin 1 and 2 separating at 0-40 and 40-70°% am 
sulphate saturation were dialysed against PBS and used at protein concentrations of 4.5 and 7.5 mg” ml, respectively. When aseaye 1. 
twofold dilutions, all lectin solutions used agglutinated human red blood cells, type O, at maximal dilutions of 1/64-1/128, except the on 

lectin solution, which gave haemagglutination at a maximal dilution at 1/912; . 


bound to Sepharose beads, retained full antiviral activity, even 
after multiple cell-to-cell transfers*. Physical restriction of 
Sepharose-bound interferon to a well defined area on the cell 
monolayer protected only cells in immediate contact with the 
insoluble interferon preparation, but not those unable to make 
such contacts. This excluded the possibility that soluble 
interferon diffused from the Sepharose beads to which it was 
attached®. If indeed interferon induces its antiviral effect by 
interaction with the cell surface, interferon-sensitive cells 
should possess specific receptor sites. We report here the 
inhibitory action of certain plant lectins on the action of 
interferon. 

We used Sepharose-bound interferon ({F-Sepharose) to 
assay for possible inhibitory effects of plant lectins on the 
induction of the antiviral state. This approach facilitates 





Viral yield after pretreatment with 


Orange 


Lotus 
Con A lectin lectin. ~ 
4,096 4,096 | 
: (8,192) a. 
4,096 4,096 ee 
(4,096). 
2,048 4,096 ree 
(4,096) 
4,096 4,096 on 
(8,192) 
64 32 an 
(64) 
4,096 512 | 
(2,048) 
1,024 128 
(512) 
4,096 1,024 
(8, 192) 































of 0.5 Ma-methyl mannoside PBS before infection with viru 


6 Saturation was dialysed against water.” 


removal of unabsorbed lectin by simple washing, which is. 
possible with soluble interferon. Either mouse L cells, 
Sepharose or both were preincubated with a solution of lec 
in phosphate-buffered saline (PBS). In control experimen 
Sepharose 4-B beads were treated identically. IF-Sepharose 
equal quantities of control beads were then incubated wit 
mouse L cells for 5 h at 37° C in serum-free medium. A: 
removal of the beads, the cells were challenged w 
encephalomyocarditis virus (EMC) and viral yield. wa 
determined by haemagglutination (Table 1). | 

Lectins derived from Canavalia ensiformis (concanavali 
con A), Phaeseolus vulgaris (phytohaemagglutinin, PHA) 
Lotus tetragonolobus (lotus lectin) abolished the antiy 
effect of IF-Sepharose, when both IF-Sepharose and the ce 
monolayer were preincubated. No effects were seen with lectins 





Table 2 Reversal of interferon inhibitory action of lectins by lectin-specific substances 





Lectin bound to 


IF-Sepharose cells 

— PHA 
—— PHA 
~ PHA 

Con A so 

Con A za 

Con À 
=- Con A 
oon Con A b 
— Con A 


L cell monolayers or IF-Sepharose beads were incubated with lectin solutions as described under Table. Bet 
with 1 mi PBS, followed by incubation with @5 M D-galactoses0.5 M a-methyl mannoside, or 10 mg ml Fetuin(S 
at 20° C the saccharide or glycoprotein solutions were removed, cells were washed once with 1 ml PBS and incubate 
beads as described under Table 1. Con A-treated IF-Sepharose beads were washgd with 4 ml PBS, then incubated 
1 ml D-galactose (0.5 M) or a-methyl mannoside (0.5 M), followed by washing with 4 ml PBS. The washed IF. 

layered on to L cell monolayers and. their anfiviral activity was determined as described in Tab: 


Treatment with Viral yield 
None 32-64 
None 2,048-4,096 
D-galactose 2,048-4,096 
Fetuin 256 
None 2,048-4,096 
D-galactose 4,096 
a-Methyl-mannoside 256 
None 2,048 
D-galactose 2,048 
a-Met&yl-mannoside 64 


* 


+ 
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derived from Osage orange seeds, Lens culinaris and Ulex 
europeus when used under comparable conditions. When only 
the cell monolayer was preincubated with lectin, PHA still 
inhibited interferon action completely, whereas con A and 
lotus lectin were less inhibitory. In contrast, preincubation of 
IF-Sepharose alone had little effect in the case of PHA, yet 
pronounced effects were seen with con A and lotus lectin. 
The haemagglutinating titres of the lectin solutions used, when 
assayed with human red cells of group O, were quite com- 
parable. They remained unchanged when the lectin solutions 
were titrated after preincubation with cells or beads. Similarly, 
no significant decrease in protein concentration was found after 
preincubation with either cells or beads. Therefore the amounts 
of lectins that remained bound to either cells or beads seem to 
have been rather small, undetectable in our assay conditions. 
Preincubation of cells, beads or both with these lectins had no 
detectable effect on viral yield when determined by 
haemagglutination (Table 1). 

As Table 2 shows, the interferon inhibitory action of PHA 
was almost completely reversed by fetuin, a glycoprotein with 
high affinity for this lectin. No reversal was observed after 
treatment with galactose. Likewise, treatment of con A- 
preincubated cells or IF-Sepharose beads with a-methy! 
mannoside almost completely restored the antiviral effect of 
IF-Sepharose. Identical treatment with galactose had no effect. 
We were unable to reverse the interferon inhibitory action of 
lotus lectin using solutions of L-fucose, a sugar of high affinity 
for this lectin. This might indicate that interferon inhibitory 
action by this lectin either is unrelated to its carbohydrate- 
binding property, or is due to very tight binding to oligo- 
saccharide components that cannot be replaced by this 
monosaccharide. 

Recent data indicate that mouse interferon is a glycoprotein 
with strong affinity for con A (ref. 11). Likewise, rabbit 
interferon has been shown to contain terminal neuraminic acid 
residues attached to penultimate galactosyl residues!?. Inhibitory 
effects of lectins on the antiviral action of interferon therefore 
could be caused by binding to the interferon molecule or to the 
cell surface. Table 1 suggests that both phenomena are possible. 

There was pronounced inhibition of the antiviral activity 
when only the cells were preincubated with PHA, whereas 
little inhibition resulted from preincubation of IF-Sepharose 
alone. In contrast, inhibition by con A was more pronounced 
after preincubation of IF-Sepharose than after preincubation 
of the cells, although in the latter case appreciable inhibition 
was also observed. Inhibition by lotus lectin seems to be 
analogous to that by con A. The reversal of the interferon 
inhibitory action of PHA and con A by lectin-specific glyco- 
protein or saccharide solutions further supports the interpreta- 
tion that the phenomena observed are due to the carbohydrate- 
binding properties of these substances. 

It has become more apparent that certain peptide hormones 
exert their effects by interaction with the cell surface without 
penetration into the cell, chiefly because of Cuatrecasas’ work 
with Sepharose-bound insulin’*. In the case of insulin, receptor 
sites on the cell surface have been shown to be carbohydrate- 
containing macromolecules. These receptor sites bind to 
specific plant lectins; binding of lectin to the cell surface 
before addition of insulin blocks or modifies the hormone’s 
action. There is a striking parallel between the action of 
insulin and interferon: both diffuse from the site of formation 
through the blood stream to distant sites: both remain active 
when attached to an insoluble support, and both are inhibited 
by pretreatment of target cells with plant lectins. Although it is 
conceivable that the interferon inhibitory action of PHA is due 
entirely to specific binding of the lectin to interferon receptor 
sites on the cell surface, interpretations based on non-specific 
steric effects or electrostatic charge effects produced by the 
bound lectin are possible. Whether interferon-specific receptor 
molecules can be isolated from the celj membrane of interferon- 
sensitive cells and whether these molecules indeed bindgo PHA 
and related lectins, remains to be established. 
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Actinomycin D-induced 
breakage of human KB cell DNA 


ACTINOMYCIN D is a potent inhibitor of RNA synthesis both 
in vitro and in vive’? Its mode of action involves the inter- 
calation with DNA at G-C regions and prevention of poly- 
merase movement along the template®*. Actinomycin D has 
also been shown to inhibit DNA synthesis, cell division and 
colony formation in mouse L cells®. We have studied the effects 
of this drug on the DNA of human KB ceils in culture. Extensive 
DNA breakage was induced even at quite low concentrations 
of the drug. 

When human KB (carcinoma of the nasopharynx) cells were 
treated with different concentrations of actinomycin D for 2.5 h, 
the rate of DNA synthesis, as measured by the incorporation of 
*H-thymidine was greatly reduced at a concentration as low as 
0.01 ug mi ` (Fig. 1). At concentrations greater than 10 ug mim, 
DNA synthesis was inhibited completely. 

To determine the effects of the drug on DNA breakage, cells 
were prelabelled with ?H-thymidine and treated with actino- 
mycin D for 3 h. The cells were then lysed and the DNA was 
analysed by alkaline sucrose gradient centrifugation®. Figure 2 
shows that fragmentation of DNA was induced by the drug at 
a concentration as low as 0.01 ug ml ~. Moreover, the size of the 
fragments decreased with increasing concentrations of the drug. 
Figure 3 shows that inoreasing the treatment time with 10 ug mi ~+ 
of actinomycin D resulted in more extensive fragmentation of 
the DNA. 

dhen fragmentation of DNA occurred the treated cells were 
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i 60 pletely attached to the surface of tissue culture flasks. Less 


í than 1% of the cells survived, however, at concentrations higher 
‘othan 0.1 ug mi~ of the drug as measured by colony formation 





(Fable 1). It is possible that fragmentation of the DNA con- 


e tributes to inhibition of DNA synthesis and loss of cell viability. 


z <The possibility of DNA repair after removal of the drug was — 


examined next. Cells prelabelled with *H-thymidine were treated 
with actinomycin D for 3 h, washed extensively with phosphate 
buffer saline, and incubated at 37° C for 10 h in growth medium 
in the absence of the drug. The DNA was then analysed by 
alkaline sucrose gradient centrifugation (Fig. 4). A comparison 


Synthesis (°,, of control) 





log actinomycin D (ug ml~+) 


Fig. 1 Human KB cells grown on monolayers were trypsinised 

and 10° of them in S.ml of alpha minimal essential medium (flow 

laboratories) +10% foetal calf serum were seeded in 25 cm? 

Falcon tissue culture flasks and allowed to attach for 1 h at 

37° C. Actinomycin D (Merck, Sharpe and Dohme) was then 

added. After 2 h, 9H-thymidine (5 Ci mmol, Amersham) was 
added to give a finalconcentrationof 1 pCi mi~? and incubated 
for a further 30 min.. The medium was then removed and the 
cells were lysed with 1% sodium dodecyl sulphate after washing 
with phosphate-buffered saline (PBS). The lysate was treated 
with cold 5% trichloroacetic acid (TCA) and the precipitate 
collected on to nitrocellulose filters. The radioactivity was 
determined by liquid scintillation counting. The amount of 
radioactivity incorporated into the control cells was 1.05 x 10° 
ž c.p.m. per 10° cells. 
of Fig. 4 with Fig. 2 indicated that there was no DNA repair 
under the conditions of our experiments. Instead, the DNA was 
fragmented further at concentrations greater than 0.1 ug mi~! 
of actinomycin D. These data suggest that breakage of DNA by 
the drug at concentrations greater than 0.1 ug ml” is irreyers- 
ible. This irreversibility could, however, be due to persistence of 
the drug in these cells since no information on the elution profile 
of actinomycin D from these cells is available. 

The mechanism of cellular DNA breakage by treatment with 
actinomycin D is not known. It is possible that in vivo binding 
of this drug to DNA induces distortion in the helix’ such that 
attack by nucleases is facilitated. This suggestion is compagible 


* Total e.p.m. 


° Total ¢.p.m. 
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Fraction No. 


Fig. 2 Human KB cells prelabelled with *H-thymidine 0 
uCi mi~?) for 12 h were treated with actinomycin D for 3h 
described in Fig. 1. The cells were trypsinised, washed a 
resuspended in PBS. About 2 x 10*4 x 104 of them were lay 
on to a 0.5 ml lysing solution containing 0.5 M NaOH, 0 
SDS, and 0.01 M ethylenediaminetetraacetic acid (EDTA) on 
top of a 5-20% alkaline sucrose gradient containing 0.3 M 
NaOH, 0.01 % SDS, 0.001 M EDTA. They were left to lyse f 
12 h, and then centrifuged using a SW27.1 rotor in a Beckman 
ultracentrifuge at 20,000 r.p.m. for 6.5 h at 20° C. One-hundred. 
drop fractions were collected from the bottom of the tu 
Radioactivity in each fraction was determined after col 
precipitation. Actinomycin D concentration (pg mlm): € 
©, 0.) (0.1 also similar to 0.01); 4, 1; C, 10; W. I 


(Direction of centrifugation from left to right) - ` 


20 





10 cons 
a | Fraction Nos- 

Fig. 3 The cells were prelabelled as described 

incubated in the presence of actinomycin D a 

of 10 pg ml™ for the Mhdicated times. The D: 

by @kaline sucrose gradient centrifugation as 
of treatment Ñ): O, 0; @, 1; 4,2 
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Table 1 Effect of various concentrations of actinomycin D on 
celi survival 





Actinomycin D Average no. of 


(pg m17) colonies per plate 
Control 150 
01 57 
K. 0 
i 0 
10 0 
100 0 





Triplicate aliquots of 250 cells in 3 ml of a MEM plus 10° FCS 
were seeded in 60x15 mm Flacon tissue culture dishes and allowed 
to attach and grow overnight. The medium was replaced by fresh 
medium containing the given concentration of actinomycin D. After 
3 h of incubation, the cells were washed and growth medium was 
added. The number of colonies per plate was determined after 6 d 

of growth. 


40 


Total c.p.m. 





Fracuon No. 


Fig. 4 The cells were prelabelled as described in Fig. 2 and 
incubated in the presence of actinomycin D for 3 h. The medium 
was removed and the cells were washed with 2 x 10 ml medium 
every 30 min for 2.5 h and incubated for 10 h further. The DNA 
was then analysed by alkaline sucrose gradient centrifugation. 
Actinomycin D concentration (ug ml~4): ©, 0; @, 0.1; 4, 1; 


% 


with the fact that the DNA breakage induced by actinomycin D 
has not been observed i» vitro*®, 

' Actinomycin D, at various concentrations, has been used to 
inhibit RNA synthesis and to examine the effects of this 
inhibition on other cellular functions. Data presented here and 
elsewhere" suggest that caution is necessary in the interpretation 
of results obtained in such studies and that the fragmentation of 
the genome and its effects on cellular functions must le con- 
sidered concomitantly. Furthermore, it appears that this drug 


+ 
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interferes with DNA as well as RNA metabolism in mammalian 
cells. Recently, it has been reported that initiation of protein 
synthesis is also inhibited™. Thus, this drug may have more 
diverse effects on metabolic processes than is generally assumed. 
This work was supported by a research grant from the 
National Research Council of Canada. 
Mary M. PATER 
STANLEY MAK 
Biology Department, 
McMaster University, 
Hamilton, Ontario, Canada L8S 4K1 
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Potentiation of phytomitogens action 
by neuraminidase and basic polypeptides 


TREATMENT of lymphocytes with neuraminidase enhances 
their blastogenic response to some antigens and mitogens’, 
increases their lectin-induced agglutinability’’, antigenicity 
and immunogenicity’’, alters their homing properties’ and 
renders the cells highly susceptible to the cytolytic effects 
of alloantibody and complement". These changes might 
result from the exposure of new sites on the cell surface**’, 
a reduction in the net surface charge of the cells or a 
combination of the two effects. Polycations agglutinate 
different cell types’ and markedly reduce their anodic 
electrophoretic mobility’’. In order to study the effect of 
cell surface charge on lymphocyte blastogenic response to 
phytomitogens the effect of polycations on this process was 
compared with that of neuraminidase. 

The stimulation of *H-uridine incorporation into RNA 
in rat lymph node lymphocytes, induced by con A (Fig. 1) 
and by phytohaemagglutinin (PHA) (Fig. 2), was enhanced 
after treatment of the cells with neuraminidase. In the ex- 
perimental conditions, outlined in the legend to Fig. 1, 2.2 
ug of sialic acid is released per 10° cells. This is equal to the 
total amount of sialic acid which can be released by 
neuraminidase action. The enhancing effect of neuraminidase 
was more apparent upon treatment of the cells with low 
concentrations of the phytomitogens, Like neuraminidase, 
basic polypeptides were also found to enhance blastogenesis 
induced by phytomitogens. Poly-L-ornithine and Poly-p- 
lysine were used in this study as they are resistant to degrad- 
ation by proteolytic enzymes". As shown in Fig. 3a, poly-t- 
ornithine enhances the stimulation of *H-uridine incorpora- 
tioma into RNA in rat lymph node lymphocytes induced by 
con A. A similar effect was obtained upon addition of poly- 
p-lysine (Fig. 35). Poly-L-ornithine also enhanced the stimu- 
lation of “H-uridine incorporation into RNA in rat lym- 
phocytes induced by® PHA (Fig. 4). The stimulation of 
“H-thymidine incorporation into DNA in rat lymph node 
lymphocytes, induced by con A and by PHA was also en- 
hartcéd by poly-L-ornithine. The extent of *H-thymidine 
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incorporation (c.p.m. + s.e.) into control, con A (0.5 peg 
ml- or PHA (0.5 «g ml~')-treated rat lymphocytes, after 
incubation for 48 h, was 800 + 79, 32,590 + 3,170 and 
33,710 + 6,010, respectively. *H-thymidine incorporation 
into similar cultures incubated in the presence of poly-1- 
ornithine (1 »g ml) was 742 + 44, 62,970 + 7,190 and 
80,260 + 5,680, respectively. The basic polypeptides alone 
did not stimulate the cells. In the experimental conditions 
outlined in Fig. 3a, poly-L-ornithine did not enhance the 
response of neuraminidase-treated cells to con A. As it 
seemed possible that the effects caused by neuraminidase 
and by the basic polypeptides might result from an increase 
in the binding of the lectins to the lymphocytes, I investi- 
gated this possibility. Rat lymph node lymphocytes (5 X 10° 
mi~? Dulbecco’s modified Eagle’s medium, supplemented 


i, 
Ps 
A 


10 
$ 


4H-~Uridine incorporation (c.p.m. x 107°) 


0 2. .- = 


Con A (ug ml~*) 


10 


Fig. 1 Effect of neuraminidase on the response of rat 
lymphocytes to con A. Wistar rat lymph node lymphocytes 
(10° cells ml7' PBS) were incubated with Vibrio comma 
neuraminidase (Behringwerke AG) (50 U ml™') for 30 min 
at 37°C. The cells were then washed and suspended 
(5 x 10° mi) in Dulbecco’s modified Eagle’s medium, 
supplemented with horse serum (2%) and incubated as 
previously described**. *H-Uridine incorporation was de- 
termined after incubation for 24 h. Con A, twice crystallised 
(Miles-Yeda) was used. Results are expressed as the mean 
+ s.e. of triplicate cultures, O, Neuraminidase-treated cells; 
~~ @, control cells, 


with horse serum (2%)) were incubated with “Ni-con A 
(1 ag ml‘) in the absence and presence of poly-L-ornithine 
(2 »g ml-') at 37° C for 2 h. The specific binding of “Ni-con 
A to the cells was determined as previously described**. In 
these conditions, 48,000 molecules of con A were bound per 
cell in the control experiment and neither neuraminidase 
nor poly-L-ornithine had any effect on the extent of lectin 
binding. s 

In contrast to our finding that neuraminidase enhances 
the response of rat lymph node lymphocytes to PHA, other 
investigators have found that neyraminidase does not 
change the response of human lymphocytes to PHA’ and 
inhibits PHA-absorptive capacity and PHA response of 
mouse spleen cells’. The discrepancies between thg data 
obtained by different groups may be due to species differ- 


3H-Uridine incorporation (c.p.m. x 107) 



















0 | 4 
PHA (ug ml-t’) 


Fig. 2 Effect of neuraminidase on the response of rat. - 
lymphocytes to PHA. For experimental details see legend 
to Fig. 1. Purified PHA from Wellcome was used. O, 

Neuraminidase-treated cells; @, control cells. E 


ences and to the different doses of neuraminidase and PH: 
used in the various studies. It has been suggested that cr 
linkage and aggregation of specific membrane sites may 
involved in the triggering of lymphocytes to undergo blasti 
genesis", Aggregation of membrane sites (most proba 
glycoproteins) induced by lectins, occurs when the balanc 
of forces favouring aggregation overcomes those which 
oppose it, like charge repulsion forces. The overall net sur- 


7H-Uridine incorporation (c.p.m. x 107°) 
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Poly-L-ornithine {ug mi” ') Poly- D-iysine (ug mi” }) 


Fig. 3 Effect of basic polypeptides on the response of rat 
lymphocytes to con A. Cells were cultured in the presence 
of,ea, poly-L-ornithine (average degree of polymerisation ~ 
(DP = 340) or, b, poly-p-lysine (DP = 380). O, In the —. 

presence of con A (1 ug mi™y, @, control. 
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shown to increase mitogen-stimulation of lymphocytes”. 
Neuraminidase treatment has a marked effect also on 
some cellular properties of non- -lymphoid cells****, It might 
be of interest to compare the effect of neuraminidase with 
that of polycations in a variety of biological systems. This 
approach might help to elucidate whether an observed 
effect induced by neuraminidase results primarily from a 
reduction in the surface charge or results from exposure of 
new sites on the cell membrane. 

ABRAHAM NOVOGRODSKY 
Department of Biophysics, 
The Weizmann Institute of Science, 
Rehovot, Israel 
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galaxies” by J. Einasto, A. Kaasik and E. Saar (Nature, 250, 
> IN the article “Dynamic evidence on massive coronas of 309; 1974) Tables | and 2 were inadvertently omitted. 


Table 1 Parameters of galactic populations (individual galaxies) 


L: 10" LO) M. 10" M@) Me (10 M@) R.fkpe) o = jog p: (gem) 
2.0 17 > 35 > 14 24,58 
0.45 2.0 > 2.9 >6 24.60 
0.32 1.5 >28 >6 24.54 
1.8 }? . > 2] > 24.52 
4.9 i2~% > 34 > 13 24.55 
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No. of pairs © 
33 


o ‘So 1,600 47 32 
12 250 e © 1500 46 40 
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Blocking one-way 
maternal-foetal MLR 


Sir, —The results of animal experiments!” 
show that enhancing or blocking anti- 
bodies may be at least partly responsible 
for the apparent lack of maternal immu- 
nological response to the paternally 
derived histocompatability factors of the 
foetus. Youtananukorn and Matang- 
kasombut® used peripheral blood from 
normal post partum women to demon- 
strate that migration inhibition of 
maternal leukocytes occurred in the 
yresence of pooled placental antigens. 
This response was completely blocked in 
the presence of autologous plasma but 
was unaffected by plasma from unrelated 
post partum women. We have used the 
one-way mixed lymphocyte reaction 
(MLR) between maternal (responding) 
and mitomycin-treated (stimulating) foetal 
cells obtained from cord blood to inve- 
stigate the possible blocking effect of 
autologous maternal plasma. 

Peripheral venous blood samples were 
collected at the end of labour from 12 
women who had normal pregnancies and 
labours. Samples of cord blood were 
obtained at the same time, taking care to 
avoid contamination with maternal blood. 
Lymphocytes were separated from the 
heparinised blood samples by erythrocyte 
sedimentation in Plasmagel (Roger Bellon 
Laboratories). Cord blood lymphocytes 
were incubated at a concentration of 10 x 
10° ml ~ in mitomycin C (25 ug ml>) 
for 20 min at 37° C and then washed three 
times in Eagle's MEM medium’. MLR 





was then performed using the method 
previously described. Results are sum- 
marised in the Table (figures in paren- 
theses are standard deviations). 

Autologous maternal plasma produced 
a significant inhibition of maternal 
lymphocyte transformation to stimulation 
by foetal lymphocytes in 3 out of 12 
cases, while no significant effect was pro- 
duced in control cultures containing 
homologous maternal plasma. In the 
presence of pooled male serum, a mixed 
lymphocyte reactivity of more than two 
occurred in only four out of twelve cases. 
This suggests the possibility that previous 
exposure of maternal lymphocytes to 
blocking factors in vivo might be partly 
responsible for their low responsivess to 
foetal lymphocytes in vitro. 

This might explain why autologous 
maternal plasma only produced a signi- 
ficant inhibition of response in those 
cases with a high mixed lymphocyte re- 
activity. It would also account for the 
apparent discrepancy between our find- 
ings and those of Youtananukorn and 
Matangkasombut®, since there might be 
different mechanisms whereby blocking 
factors produce their effects on lympho- 
cyte transformation and leukocyte migra- 
tion inhibition. 

Yours faithfully, 
ELIZABETH JONES 
PETER CURZEN 
Obstetric Unit, 
Westminster Medical School, 
Queen Mary's Hospital, 
Roehampton, 
London, SW15 SPN, UK 


Table 1 Results of the one-way MLR 
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On the origins of 
molecular biology 
Sir,—We wish to respond to the Nature 
supplement of’ April 26 entitled, — 
“Molecular Biology Comes of Age”. | 
This gives the misleading impression 
that a specific date’ can be placed on- 
the birth of molecular biology. We: 
suggest there are earlier origins for a 
true molecular biology. 
In 1867 Spencer wrote in Principles 
of Biology: 
“We have seen it to be a necessary 
inference from various orders of 
facts, that organisms are built up 
of certain highly-complex mole 
which we distinguish as physio 
logical units—each kind of organism 
eing built up of physiological units. 
peculiar to itself?.” 2 
Forerunners of present concepts of 
molecular biology were proposed in the. 
period 1860-1910 by Karl Nageli 










One way MLR Mean 10 min Mean 10 min Effect of Mean 10 min Effect of 
in pooled count in pooled countinautologous autologous count in homologous homologous _ eee 
male serum male serum maternal plasma maternal Probability maternal maternal Probability 
. plasma (°) plasma plasma (% 
ae! 1,200 (249) 459 (74) 38 0.01-0.02 773 (198) 64 NS 
0.8 387 (70) 550 (173) 142 NS 526 (24) 136 NS 
0.7 520 (72) 627 (72) 121 NS 909 (495) 175 NS 
9.8 3,089 (719) 3,193 (1,058) 103 NS 2,530 (91) 81 NS 
i.i 361 (89) 421 (36) 117 NS 379 (108) 104 NS 
2.0 502 (125) 548 (170) 109 NS 252 (72) 50 NS 
1.0 478 (57) 491 (72) 103 NS 398 (51) 83 NS 
LI 338 (75) 316 (29) 94 NS 421 (109) 124 NS 
0.8 283 (54) 294 (37) 104 NS 272 (79) 96 NS 
1.4 703 (121) 344 (63) 49 0.02-0.05 619 (272) 88 NS 
0.8 524 (147) 346 (46) 96 NS 536 (148) 102 NS 
3.8 2.007 (601) $72 (227) 39 0.02-0.05 1,242 (1,194) 62 NS 
o DERE 


3.25 < 10° maternal (responding) and 3.25 x 10° foetal (stimulating) cells were cultured in 3 ml of Eagle’s MEM medium (pH 7.2) enriched 
with | ml of 2 mM L-glutamine per 100 ml, for 7 d. Test cultures (in triplicate) contained 15°, complement-inactivated autologous maternal i 
plasma. Two sets of control cultures (each ia triplicate) contained 15°% complement-inactivated homologous maternal plasma, and 15% pooled 
male serum respectively. Maternal and cord blood lymphocytes were cultured separately in triplicate, to assess spontaneous transformation. 
Mixed lymphocyte reactivity is expressed as the ratio of the mean of the triplicate counts of the mixed cultures to the mean of the triplicate - 
counts of the separate maternal and foetal cell cultures. The effects of autologous fnd homologous maternal plasma are expressed as percentages. 
of the ratio of the mean triplicate counts of the mixed cell e@itures in autologous and homologous plasma respectively, to the mean of the . 

triplicate counts of the mixed cell cultures in pooled male serum. NS, Not significant. 















imund Wilson’ and Hugo de Vries’, 
iong others. 
~The early origins of molecular 
biology discussed by Gunther Stent’ 
cand others emphasise the desire to 
< apply laws much like those of physics 
-> to biology. In this regard, Erwin Schro- 
dinger’s book What is Life?* was in- 
fluential. Fifteen years before the 
publication of Schrodinger’s book, the 
well-known biologist Edmund Wilson 
wrote a book with a similar intention 
entitled The Physical Basis of Life’. 
Whereas a preoccupation with 
physics may have motivated the so- 
o called “phage group™ there was a 
separate origin for the application of 
physicochemical methods to studies of 
the structures of biological molecules”. 
W, Astbury, an X-ray crystallographer, 
learly played a major part in this, and 
ndeed was the first to coin the term 
lecular biology”. In addition, it is 
t generally realised that in 1949 Sven 
rberg, a Norwegian graduate student 
‘in the laboratory of J. D. Bernal, was 
‘the first to propose a helical structure 
for DNA, albeit single-stranded, on the 
basis of X-ray studies on nucleosides’. 
We thus conclude that it is some- 
what difficult to set a precise date for 
the origin of molecular biology, but we 
presume that by April 25, 1953, 
molecular biology had already come of 
— ABE. 






















Yours faithfully, 
FRANKLIN H., PORTUGAL 


-Viral Carcinogenesis Branch, 
-National Cancer Institute, 
_ National Institutes of Health, 
-= Bethesda, Maryland 20014 


Jack S. COHEN 


Reproduction Research Branch, 
National Institute of Child Health 
and Human Development, 
National Institutes of Health, 
Bethesda, Maryland 20014 
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DNA synthesis in plants 


Sir,—Buchowicz' reports “that incor- 
poration of thymidine into DNA of 
germinating wheat seeds begins only 
after some preliminary activation of 
RNA synthesis is completed, implying 
an RNA-dependent DNA synthesis”. 

I do not agree with this conclusion. 
Indeed, it has only been demonstrated 
that RNA synthesis precedes DNA 
synthesis’ and that inhibition of 
protein synthesis between O and 9 h 
results in a complete suppression of 
DNA synthesis. These essential pro- 
teins are probably coded for by pre- 
formed mRNA**. Thus, it is not at 
all evident that DNA synthesis is dep- 
endent on RNA in this way. Thy- 
midine is not incorporated into DNA 
before a lag period in germinating 
wheat because, as in other plants, the 
phosphorylating enzymes are lacking 
in dry seeds*’. They become detectable 
a few hours before the onset of DNA 
synthesis’*. In contrast, uridine can be 
phosphorylated by extracts of dry 
seeds*” 

I wish to draw your attention to my 
interpretation of Dr Buchowicz’s re- 
sults. A prerequisite to check whether 
the cytoplasm may be an early site of 
nuclear DNA synthesis is to obtain a 
cytoplasmic fraction free of nuclear 
contamination. I have frequently ob- 
tained significant “C-thymidine label- 
lings in similar ‘cytoplasmic fractions’ 
with radish seedlings, but all the elec- 
tron microscope controls I have per- 
formed have revealed that nuclei were 
broken in the 1,000g pellet, and that 
successive 15,000g and 27,000g pellets 
still contained chromatin. The diffi- 
culty of isolating unbroken plant 
nuclei is well known amongst plant 
biochemists, and this is the reason why 
I believe that most of the radioactivity 
detected by Dr Buchowicz in his cyto- 
plasmic fraction is of nuclear origin. 

The higher specific activity of the 
cytoplasmic fraction can be explained 
if we assume® that newly synthesised, 
short, DNA fragments are probably 
more easily released from broken 
nuclei than highly polymerised DNA 
from chromatin. One way to check 
whether the cytoplasmig e fraction is 
free of nuclear contamination would 
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be fo assay this fraction for nuclear 
enzymatic activities such as RNA 
polymerase. 

Yours faithfully, 

M. DELSENY 

Laboratoire de Physiologie Végétale, 
ERA 226, 
Centre Universitaire, 
F 66 000 Perpignan, France 
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Dr BucHowicz REPLIES: I was in- 
terested to learn that Dr Delseny had 
observed similar labelling of cyto- 
plasmic DNA in radish seedlings. 
The possibility of nuclear contami- 
nation of the ‘cytoplasmic fraction’ 
has not been overlooked in my letter’. 
Instead, it was found insignificant, as 
the cytoplasmic radioactivity dropped 
when the possible source of contami- 
nation, radioactivity of nuclear DNA, 
increased. The comments concerning 
the dependence of DNA synthesis on 
thymidine kinase activity are obviously 
important. Nevertheless, the DNA syn- 
thesis would proceed without the parti- 
cipation of thymidine kinase (deriving 
TMP from UMP reduction and meth- 
ylation) if not limited by other factors. 
It is known, however, that other pre- 
cursors as well as thymidine are not 
incorporated into DNA at early ger- 
mination stages, in spite of the fact 
that enzymes catalysing UMP syn- 
thesis’ and reduction? are active. It 
seemed, therefore, justified to point 
out that the initiation of DNA syn- 
thesis in awakening wheat embryo 
may depend on the appearance of a 
newly synthesised RNA fraction. 


Institute of Biochemistry and 
Biophysics, 
Warsaw, Poland 


‘eBuchowicz, J., Nature, 249, 350 (1974). 

? Mazus, B.. and Buchowicz, J., Phyto- 
chemistry, 11, 77 (1972), 

* Müller, H. Wahl, R., and Follmann, H., 
Oth Int. Cong. Biochem., Stockholm. 
abstract 187 (1973). 
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Scientific laws and logic 


The Structure of Scientific Inference. 
By Mary Hesse. Pp. vii+309. (Mac- 
millan: London and Basingstoke, April 
1974.) £5.95. 


In this book Dr Hesse develops a logic 
of science. She is concerned for the 
most part with inference. One might 
expect however, that some account of 
scientific theories would be adopted as 
a starting point because theories are in- 
volved in most scientific inference. The 
account of theories will to some ex- 
tent determine the characteristic 
patterns of inference. For example, if 
it is held that theories are partially 
interpreted deductive systems, then in- 
ference from theory to observable con- 
sequence will be deductive. In com- 
mon with an increasing number of 
contemporary writers Dr Hesse rejects 
this formalist view. As an alternative 
a network model of theories is pro- 
posed (page 4): 

“Briefly, the model interprets a scien- 

tific theory in terms of a network of 

concepts related by laws, in which only 
pragmatic and relative distinctions can 
be made between ‘theoretical’ and 

‘observational’. Some lawlike statements 

of the theory can be tested relatively 

directly by observation, but which these 
are may depend on the current state 
of the whole theory and whether an 
observation statement is accepted as 

‘true’ or ‘false’ in any given case may 

also depend on the coherence of the 

observation statement with the rest of 
the currently accepted theory.” 

This implies that the acceptance or 
rejection of a given observation state- 
ment may depend on current theore- 
tical considerations. These may change, 
and so we may come to reject as false 
a statement previously accepted as true. 
Dr Hesse mentions that the network 
model owes much to Quine and 
Duhem. This is clearly true. 

The Quine-Duhem thesis and related 
views are by no means unproblema- 
tical. Suppose we want to reject as 
false the observation statement “The 
individual x, is red? which we had 
previously accepted. If x; and all those 
other individuals x:, x3... which were 
previously said to be red still retain the 
same colour as before, then if x; is no 
longer red then neither are Xe, X3,..., 
on the assumption that all the indivi- 
duals have the same colour, hence 
nothing is red. If necessary some Rew 
word could be invented to describe this 
colour, Dr Hesse is not committed to 
this trivial view because on her account 
of how we learn to use words such as 








red we recognise that individuals are 
similar to each other to an unspecifi- 
able degree. Thus theoretical considera- 
tions may suggest that after all x; is not 
sufficiently similar to x2, Xa... to be 
called red. But if ‘similar’ is always 
taken to be ‘similar in a given respect’, 
as it is by Popper, then this implies that 
there are no degrees of similarity and 
also that ‘similar’ is transitive. There 
are of course, differences within the 
class of red objects in that there are 
shades of red, but degrees of redness in 
this sense does not imply degrees of 
similarity among red objects. Dr Hesse 
discusses similarity at some length; in 
particular she defends her account 
against a Popperian view. It is un- 
fortunately not possible to do justice 
to her arguments in a short review. 

Dr Hesse’s account of theories leads 
her to discuss inductive and analogical 
inference; this involves a discussion of 
arguments from particular to general 
and from particular to particular. In 
the context of a logic of science these 
concern the confirmation of theories 
and predictions by evidence. Dr Hesse 
does not attempt to justify non-deduc- 
tive inference, but rather she gives 
an explication of the intuitive induc- 
tive rules used by scientists. An ex- 
plication is the process of formulating 
precise rules of use, possibly expressed 
in a formalised system, for an im- 
precise concept which is used in some 
domain of discourse. The explication 
may suggest revisions in the use of the 
concept in question or in the use of 
related concepts. Dr Hesse sees the 
problem of induction as falling into 
two parts: (1) to formulate a set of 
inductive rules; (2) to formalise these. 
She concentrates on (2). In the light 
of the network model she suggests 
that the axioms of probability are best 
adapted to explicate inductive prac- 
tices. Probability is interpreted in the 
personalist sense as degree of rational 
belief. Thus the answer to this problem 
of induction is an acceptable probabilis- 
tic confirmation theory. 

At least two problems confront a 
proponent of a probabilistic confirma- 
tion theory. First, it is necessary to 
show that some adequate resolution of 
the paradoxés of confirmation is pos- 
sible within the theory.°Dr Hesse takes 
the so-called transitivity paradox to be 
one of the most general and powerful 
paradoxes. It suggests that confirma- 
tion is not always transitive. We are 
not, therefpge always able to assume 
that the degree of confirmation of a 






theory by certain evidence is passed on — 
to the predictions of the theory. nmo o 
order to account for our confidence ino 
predictions Dr Hesse interprets theore- oe 
tical inference as inference from evi- a 
dence to prediction bypassing theory. 
The inference is taken to be analogical 
and the role of the theory is to make 
explicit the analogy between evidence = 
and prediction. This is a most interest-. ae 
ing suggestion. i 
Second, if a probabilistic confirma- 
tion theory is to account for the con 
mation of laws, it may be thou; 
necessary to justify the restriction 
the scope of laws to finite domain: 
This restriction, which is a consequence 
of the explication, is necessary because, — 
given that the language is infinite and 
that there are no a priori reasons for- 
assigning finite initial probability to any | 
finite subset of possible universal gen- 
eralisations, then no finite amount of — 
evidence will raise the probability of 
such a generalisation above the initial 
value of zero required by the prob- 
ability axioms. Po tos 
have taken this to be a fundamental 
objection to Carnap’s confirmation 
theory. But Dr Hesse argues that laws 
are expressed by generalisations of. 
finite scope because it is unreasonable _ 
to believe that unrestricted generalisa- 
tions have any chance of being true 
and hence that zero probability is a 
propriate for such generalisations. If 
restricted generalisations may be as 
signed non-zero probability, then we 
would expect that the reason wh 
restricted generalisations have zero 
probability concerns the fact that t 
scope is unrestricted. But according 
Dr Hesse (page 181): g 
“This is not so much because such a” 
belief covers an infinite number of < — 
instances, but rather because it may not. | 
be reasonable to believe that U [a 
Universal generalisation] states a law o= 
accurately even in one instance.” coocoo 
If this is true, then it seems to follow. 
that it is unreasonable to believe that 
a finite generalisation expresses a law 
accurately. It is not however, obvious. 
that it is reasonable for scientists to 
be convinced (probability=1) that alk =- 
universal generalisations are false. f 
it is held that some laws are expresse: 
by universal generalisations, then wi 
may be inclined to reject an explication 
which has as a consequence that 
laws have zero probability. 
Although I think that i 
tô give further arguments. 
these criticisms of Dr Hes 
science, this is not to sa 
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Hesse’s book is not an interesting and 
original contribution to the philosophy 
of science. It is therefore to be recom- 
mended to the advanced student, 
though to one who is not familiar 
with the subject it may prove a little 
difficult. JOHN FORGE 


Television tomorrow 


Television: Technology and Cultural 
Form. By Raymond Willams. Pp. 160. 
(Fontana/Collins: London, 1974.) 45p. 


WHEN Raymond Williams was tele- 
vision critic of The Listener, he tried 
to appraise television as a phenomenon 
in spite of the convention among re- 
viewers that what counts are pro- 
grammes, as isolated units. In this 
book he is able to stand back and take 
a very long view. Television—what is 
it? Technology, or social force? What 
does the experience of watching tele- 
vision consist of? How did the institu- 
tions of broadcasting develop out of 
the technology and what kinds of in- 
stitutions may arise to serve up tele- 
vision in its new forms—video cassettes, 
cable television, international broad- 
casting? 

The author (now reader in drama 
at Oxford) concludes that there was 
nothing inevitable in television’s 
emergence as a form of mass enter- 
tainment consumed by individuals in 
the privacy of their homes. He does 
not swallow the argument that “I Love 
Lucy? was as inherent in the vacuum 
tube as some believe the atomic bomb 
was in the splitting of the atom. Tele- 
vision, he maintains, emerged in its 
present form because it was under the 
control of the broadcasting institutions 
that had developed radio. And radio’s 
growth was determined, even forced, 
by the equipment manufacturing in- 
dustry. But between the two media (it 
is possible to use the word in the plural) 
there is a profound difference. Radio 
is cheap. Television is expensive. And 
the contradiction remains. No country, 
even the United Kingdom, has satis- 
factorily solved it. How to recover the 
enormous costs of television from a 
mass audience of individual viewers? 

Mr. Williams devotes a long chapter 
to the comparative incidence of various 
types of television programmes on five 
television channels-—three British and 
two American—during a single week. 
The results are hardly surprising. 
(BBC! led the pack in public affairs 
discussions, with 8.3 shours, while 
Channel 7 ineSan Francisco was tops 
in commercia’s, with 18.4 hours.) A 
mild point made by the author is that 
the formal category of programme 
matters less than its manner. A serious 
documenta®?y may be trivialised. A 


panel quiz game may ilfufminate rela- 
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tionships between husband and wife. 
The most interesting thesis of Mr 

Williams’s book, to my mind, is the 

idea that television is the whole pack- 


age. He calls it “Aow”. The pro- 
grammes, news and weather breaks, 
commercials, trailers for later pro- 


grammes, the lot. By this standard, 
the BBC is full of commercials—for 
itself. He is amusing when he recounts 
the difficulty, in Miami, in trying to 
follow the plot of an old movie. Not 
only were the advertisements inserted 
more frequently as the viewer became 
hooked on the programme but there 
were added as well trailers of two 
other old films, to be shown on subse- 
quent nights. He also observes that 
on the San Francisco channel, the news 
that some pharmaceutical companies 
had been accused of false advertising 
claims was part of the same news 
bulletin that contained a commercial 
for a pain killer. 

Looking ahead, Mr Williams is wor- 
ried by the paradox presented by the 
new technology. He sees the promise 
of cable (multi-channelled, wired) tele- 
vision and international — satellite 
broadcasting as that of democratising 
communications, of bringing a new 
universal accessibility to television. Yet 
he sees (by looking back) that these 
developments could be stifled by existing 
broadcasting organisations, by inter- 
national advertisers and governments. 
At the same time he sees that uncon- 
trolled development of cable television 
could destroy what is good in national 
broadcasting. His main suggestion 1$ 
that there should be more independent 
television production companies. These 
could diminish, without destroying, 
national broadcasting while providing 
content for cable systems to transmit. 
Cable he would have as a national 
utility. 

There are a few quibbles one must 
make. Cable television will not be unt- 
versally available in the United States 
by 1980. And it is unlikely to reach 
30% of television homes in Britain bv 
that time either. Its growth has been 
stopped dead, by restrictive rules and 
by shortage of investment capital. 
Similarly, the author’s recommenda 
tion that proper international agree- 
ments on satellite television should not 
involve bodies with weighted voting 
(like Intelsat) is unrealistic. The fact 
is that, as the United Nations’ experi- 
ence has shown, a system of one vote 
to a country is a form of weighted 
voting itself, for it allows small coun- 
tries a disproportionate influence from 
sheer numbers. 

It is a pity that this book is not more 
readable for there is much in it that 
will interest media buffs. On the future 
of British Broadcasting, Lord Annan’s 
committee should find it stimulating. 

Brenpa MADDOX 
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£ 2.70/US$ 6. 70/Dfi. 17.50. 
Paperback edition. 
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Physiology, Emotion & 
Psychosomatic Illness 
Ciba Foundation Symposium 8 


1972. 430 pages. 
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ISBN 90 219 4009 4 


Medical Care of Prisoners 
and Detainees 
Ciba Foundation Symposium 16 


1973. 
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Law and Ethics of A.I.D. 
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Ciba Foundation Symposium 17 


1973. 118 pages. 
£ 2.30/US$ 5.80/Dfl. 15.00. 
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India, Japan and Venezuela. Almost all the contributions are interesting, the dis- a 


238 pages. 
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‘Here we have physicists, biologists, doctors, economists, philosophers, historians, 
sociologists, a psychologist, and a politician discussing Civilization and Science: 


England, France, The United States, Canada, Holland, Switzerland, South Africa, - 


cussions are lively, and the symposium is an outstanding success’. a. 
| The Times Literary Supplement ao 


Theoretical concepts of emotional states, and definition of terms; physiological: Sa 
experiential and psychological mechanisms in the organization of affect, and pos- 
sible correlations with brain structure; theoretical and animal models for studying 
behavioural responses to stress and psychosomatic phenomena in man; psychos 
matic illnesses, including coronary artery disease, subarachnoid hacmorrhag 
obesity and asthma. | 
















hanes. psychiatrists, doctors, prison administrators, sociologists and othe 
from North America, Europe and North Africa — here discuss how legisla 
affecting the physical or mental health of people held in prisons and camps mi 
be implemented and improved. The management of disturbed or violent offende 
experiments on prisoners, tension in camps and many other topics are cover 
This report will arrest the attention not only of all those who look after prisoners 
professionally but also of everyone concerned about offenders and victims i in t 
present world climate of violence. a 





‘This record of the experiences and opinions of such a wide spectrum of distin: 
guished men and women representing medicine, the law and the church in a single 
volume makes this publication one of outstanding importance. No one who 
concerned with these new developments in relation to human reproduction shoul 
fail to read it. It is excellently produced... | 


‘Jounal of Obstetrics and Gynaecology 
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This book describes how medical research is supported and organized in the 
various European countries and how such research is related to the differ 
systems of medical education and of health care. It will enable medical resear 
workers who must make decisions about travelling research fellowships or int 
national collaborative research to understand the educational background a a 
career structure of research workers in other countries. In addition, those respo 
sible for formulating national research policy in the medical sciences will be able 
to learn from it about the mistakes and successful experiments in organization mw 
different parts of Europe during the last 25 years. A 


Safe water, enough food, protection against communicable disease, and the means =} 
of controlling fertility — it should be possible to give every human being access to | 
these essentials of a healthy existence if present knowledge were appropriately 
applied. The thesis underlying this symposium is that these four objectives can be: 
considered as basic human rights, and the contributors attempt to estimate the. _ 
necessary costs and social changes and the effects on world development of con-. 
verting these rights into realities. | 
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Our Future Inheritance 





Choice or Chance? 
Alun Jones and Walter F. Bodmer 








Recent advances in genetics, biology, and medicine 
have important social, ethical, and legal implications 
as well as being of great scientific interest. This book, 
which is based on a study by a British Association 
working party, has its origin in a series of discussions 
among scientists, doctors, surgeons, lawyers, 
theologians, M.P.s, and social scientists. It is concerned 
with some of the most significant topics: artificial 
insemination and fertilization of humans: genetic 
screening and selective abortion; organ 
transplantation, genetic engineering and cloning. The 
authors have set out to present the issues 
dispassionately in a form that will be intelligible to the 
general public. £4 paper covers £1-25 forthcoming 





Organizing for Science 
in Britain 
lan Varcoe 








This book describes attempts by the British 
Government to organize and foster the organization of 
scientific research in pursuit of national industrial 
development in the present century. The author tells 
the story of the emergence of ‘scientific and industrial’ 
research during the First World War and the 
subsequent elaboration of the research council 


F = concept. He explains the organization of science 
~~ within the Government, and considers the role and 


responsibilities of scientists in industry and the 
universities. £2-40 Science and Engineering Policy 
Series 





Science and Policy 
The International Stimulus 
Alexander King 











Research now accounts for a sizeable proportion of the 
gross national product of all industrialized countries, 
and funds for research and development come mainly 
from governments. Because the promise offered by 
new discovery is greater than the resources available, 
governments have created national policies and 
priorities. Furthermore, increasing scale and cost have 
encouraged the sharing of research internationally. . 
This book sketches the evolution of such policies from 
an international viewpoint, outlines the main issues, 
and indicates future trends. £2:25 Science and 
Engineering Policy Series 4 


introduction to Control 
Theory 
O. L. R. Jacobs 


This book gives a uniform presentation of the main 
results of classical control theory, optimal control 
theory, non-linear methods, and stochastic control 
theory. The wide range of the book is achieved in 
reasonable compass by omitting extensive discussions 
of specific practical applications. The mathematical 
level is that of final-year undergraduate courses in 
engineering science, but the book is accessible to 
anybody with some knowledge of ordinary linear 
differential (or difference) equations, the elements of 
probability theory, complex numbers, and matrix 
algebra. Its value as a textbook is increased by a wide 
range of problems with answers, and, as a work of 
reference, by the extensive bibliography. £675 








forthcoming 





Dimensional Analysis 
for Engineers 
Edward S. Taylor 


This book provides a new and essentially non- 
mathematical approach to its subject, with many 
examples illustrating pitfalls and possibilities for 
making dimensional analysis more understandable and 
more useful in a wide variety of situations. While the 
approach can improve the understanding of many 
problems, it will be found most useful in tackling those 
which are either too complicated or too general for full 
analytical treatment. £5-75 











Molecular Reaction 
Dynamics 
R. D. Levine and R. B. Bernstein 


This book deals with the molecular-level mechanisms 
of elementary chemical reactions, emphasizing the 
important role of binary collisions. The goal is an 
understanding of chemical and physical rate processes 
from the fundamental, microscopic point of view. 
Primary attention is devoted to the physical 
phenomena and their conceptual interpretation rather 
than to the details of experimental techniques or 
theories. Topics discussed in some detail include the 
dynamics of molecular collisions, potential-energy 
surfaces, reaction cross-sections, molecular and ion 
beam scattering, ‘direct’ and ‘complex’ modes of 
reaction, photo-fragmentation, energy partitioning, 
energy transfer, chemiluminescence, and chemical 
lasers. £5 forthcoming 

+ 
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Doctor meets patient ' 


Therapeutics: From the Primitives to 
the 20th Century, with an Appendix— 
History of Dietetics. By Erwin H. 
Ackerknecht. Pp. x+194. (Hafner, 
Macmillan: New York; Collier Mac- 
millan: London, January 1974.) £6.25. 


MepicaL historians have all too often 
shown greater interest in what doctors 
have written than in how they have 
treated their patients. They have studied 
medical ideas and theories rather than 
the ways these ideas have been applied. 
Certainly, theory fascinates more than 
praxis, Yet for the patient at least, 
praxis is the key medical activity, 
patients being far more concerned with 
what their physicians can do than with 
what they know. 

Therapeutics is the point where doc- 
tor and patient meet. Nevertheless, such 
has been the neglect of this subject by 
medical historians that the last general 
history of therapeutics was published 
in 1877—a fact which makes Professor 
Ackerknecht’s lucid and stimulating 
volume all the more welcome. First 
published in German in 1970, it has 
now been translated by the author, 
formerly Director of the Institute of 
Medical History at the University of 
Zürich. The book charts the thera- 
peutic programmes and rationales of 
medicine from the Egyptians to the 
twentieth century. Ackerknecht’s method 
involves analysis of the therapeutic 
writings of major medical figures in 
each particular age: the Hippocratics, 
Galen, Paracelsus, Sydenham, Laennec, 
Ehrlich, and so on. In addition, he 
refers frequently to the works of less 
well known doctors whose activities 
and thoughts were equally significant 
in. defining the medical texture of each 
of his historical portraits. The result 
is a monograph which is crammed with 
facts and brimming with ideas. 

It is difficult to summarise a book 
which is so wide ranging. Nevertheless, 
two recurrent themes should be men- 
tioned. First, as Ackerknecht repeatedly 
demonstrates, medical theories have 
been far more flexible than medical 
therapeutics. Bloodletting, for instance, 
has been employed in many different 
settings. The primitives used it. The 
Greeks recommended it, as did the In- 
dians. Bloodletting was practised in the 
Middle Ages, the Renaissance and the 
Enlightenment. In fact only in the 
middle of the nineteenth century did 
physicians begin to look critically at 
this traditional form of therapy. The 
therapy itself remained essentially un- 
changed, yet the rationale for this 
therapeutic procedure could be different 
for each particular age or culture Set- 
ting. The same may be said for many 
other traditional therapies, such as 
purgatives, cathartics and emetics. 





The second historical insight which 
Ackerknecht brings to bear on his sub- 
ject concerns the nature of medical ex- 
perience. In therapeutics, each doctor 
should be able to form independent 


evaluations of the effectiveness of his QA“, Yo 
ex. > NECE 
perience often being no more than- 


armamentarium. Unfortunately, 
‘pseudo-experience’, doctors have found 
that any particular therapeutic regimen 
yields precisely the results they ex- 
pected it to. Patients rarely disappoint 
their physicians if they can help it. 
Professor Ackerknecht explores the 
historical ramifications of these and 
many other themes in this splendid little 
book. A full appreciation of it requires 


ral features of the history of medicine. 
This can be pleasantly acquired through 
Ackerknecht’s Short History of Medi- 
cine, published in 1955 but still the 
best short introduction to the subject 
available. The remarkable range of his 
interests may be seen from some of his 
other contributions to the history of 
medicine: a biography of Rudolf Vir- 
chow, a study of French medicine in 
the first half of the nineteenth century, 
a monograph on malaria in the Upper 
Mississippi Valley, a short history of 
psychiatry, and a series of classic papers 
on primitive medicine. These works 
mark Erwin Ackerknecht as a true 
cosmopolitan and one of the outstand- 
ing medical historians of our time. 
W. F. BYNUM 


Rejecting behaviourism 


The Psychology of Consciousness, By 
Robert E. Ornstein. Pp. xxi +247. (Free- 
man: San Francisco, 1972.) $3.50. 

Tuts book represents a current swing 


away from behaviourist psychologies, 


in which consciousness is ignored or 


even denied. It criticises Western 
science, as being over-limited to sequen- 


tial processes of reasoning at the cost . 


of immediate intuitive understanding, 
associated with the Eastern approach to 
studying mind 
Chinese I Ching and the meditative and 
rhythmic exercises of yoga. Dr Ornstein 
tries to relate East and West, with the 
neurological notion that (in right 
handed people) the right cerebral hemi- 
sphere serves the artist and dreamer, 
while the left hemisphere serves sequen- 
tial logical thinking and language. For 
this he refers to the important ‘split 
brain’ experiments of Roger Sperry, in 
which the fibres of the corpus callosum, 
normally joining the hemispheres, are 
sectioned in serious cages of epilepsy. 

Ornstein suggests that the right- 
hemisphere Eastern culture and the left- 
hemisphere Western culture can be 
combined—to make better use of the 
brain as a whole. Is this aeneurological 
alliance of Ce P. Snow’s Two Cultures? 
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Grassland Ecology 
and Wildlife 
Management 


E. DUFFEY, M. G. MORRIS, J. SHEALL, 
L. K. WARD, D. A. WELLS and T. C.E. 
WELLS 


July 1974: 0 412 12290 1: 304 pages: 
tone and line Hlustrations: hardback: 
£5.40 


This book describes the distribution and 
ecology of lowland grasslands in 
Britain with special reference to their 
flora and fauna, history, and manage- 
ment for wildlife conservation. The 
maintenance and manipulation of grass- 
lands for agricultural, scientific, con- 
servation and recreational purposes 
requires an extensive knowledge of the 
responses of plants and animals to 
different treatments and disturbance 
factors. The book examines these in 
relation to the range of variation in 
lowland grassland ecosystems and to 
the known land-use history. 


OTTONE AOOO 


OUTLINE STUDIES 
IN BIOLOGY 


The individual books in the Oatline 
Studies in Biology Series present 
succinct, authoritative and up-to-date 
introductions to their subject. They 
supplement and extend main course 
texts, and because each book deals with 
only one topie the series offers the 
advantage of great flexibility of use. 












Outline Studies in Biology 
Brain 
Biochemistry 


HS. Bachelard 





Brain Biochemistry 
H. S. BACHELARD 


July 1974: 0 412 12760 1: 72 pages: 
illustrated: paperback; 95p 


Immunochemistry 

M. W. STEWARD | 
July 1974: 0 412 12450 5: 64 pages: 
illustrated: paperback: 95p 


Further details of these and related 
titles, together with a list of stockists, 
are available from the publishers on 
request. 






















Ornstein refers also to recent experi- 
ments on ‘biofeedback’, in which he has 
himself made interesting contributions 
on the control of automatic functions 
not normally under conscious control. 
There are also references to anthropo- 


logical data on different ways that 
people categorise, describe and see 


things as evidence for the relativity and 
perhaps arbitrariness of what is 
accepted as knowledge. 

The book starts by referring to 
Kuhn’s scientific paradigms, as both 
giving stability to science and belief 
(analogous to the perceptual con- 
stancies) and also as limiting what we 
can see and understand. To Ornstein, 
behaviourism’s rejection of conscious- 
ness, and logical positivism’s rejection of 
statements not susceptible of strict 
‘scientific’ verification as not meaning- 
ful, are examples of paradigms so 
narrow that important understanding is 
blinkered and lost. Although one may 
sympathise with Ornstein’s  dissatis- 
faction with behaviourism as a para- 
digm for psychology (however useful it 
may have been to concentrate experi- 
ments on technically feasible enquiry) 
he does not lay siege with much fact or 
rigour, except indeed to point to con- 
sciousness as a fact that it is absurd to 
ignore. He seems in places to follow 
Aldous Huxley in regarding the nervous 
system as domg not much more than 


filtering experience — quoting with 
approval Huxley’s remark: “Mind at 


large has to be funnelled through the 
reducing valve of the brain and nervous 
system. What comes out at the other end 
is a measly trifle of the kind of con- 
sciousness which will help us to stay 
alive on the surface of this particular 
planet”. This is, however, a view far 
opposed to current theories of percep- 
tion, as active construction from limited 
data signalled by the senses—but which 
Ornstein also espouses. There seems to 
be a lack of consistency in the book on 
these questions; but its aim is evidently 
to loosen what Ornstein regards as 
constraining bonds of current theories 
of brain function, rather than attempt 
at this time to produce a conceptual 
synthesis, or a consistent working para- 
digm for psychology. It does have the 
merit of asking some awkward ques- 
tions, with suggestions that answers 
might be found in strange places. 
Here we come to the nub of the 
problem: to the Western reader with- 
out experience of ‘meditation’, the 
descriptions of conscious states and so 
on are difficult to comprehend or even 
to take seriously: but is this because of 
restricting lim#ts of our experience, and 
paradigms of® what should constitute 
science? Ornstein puts the matter 
cogently (page 6): “Science’as a mode 
of knowing involves a limitation on 
enquiry. The essence of good experi- 
ment is successful exĝusion”. And 
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later (page 100), reversing the case from 
a non-technological to a Western 
society: “Our peasant .. . cannot see 
why, if it is indeed possible (as we 
claim) to fly to the planets, he cannot 
do it now in his own terms... When 
he fails, he will likely come to believe 
that ‘space flight is really an im- 
possibility, that any one who claims it 
to be possible ts simply gullible, ‘un- 
scientific’, or even a liar... It is similar 
tendencies in ourselves which we, as 
Western students of psychology, may 
need to overcome in investigating an 
area which is so new, so spectacular, 
and so unknown to us... We should 
not ignore “Eastern science’ because of 
its imbalances, or because of the mis- 
interpretations heaped around it”. This 
book presents a case with honesty and 
with learning which is nevertheless in 


parts very difficult to comprehend, let 


alone judge. But if the case were valid, 
surely this is just what we might expect! 
RICHARD L. GREGORY 


Highly strung 

Development and Regeneration in the 
Nervous System, Edited by R. M. Gaze 
and M. J. Keating. Pp 105-193. (British 
Medical Bulletin Vol. 30, No. 2.) (Brit- 
ish Council: London, May 1974.) UK 
£2.25; elsewhere £2.50, 


THe title of this bulletin is most ap- 
propriate for the two thirds concerned 
with studies on the nervous systems of 
animals. Research on nerve specificity 
and regeneration using histology, elec- 
tron microscopy, surgery and electro- 
physiology is described. The rest of 
the bulletin is concerned with medical 
and social topics to which the physio- 
logical studies should be relevant: the 
epidemiology of spina bifida, the effect 
of malnutrition on intelligence, the 
educability of the subnormal. Though 
the gap between the two groups is to 
some extent bridged by Baldcs’s des- 
cription of metabolic influences on 
brain development in both animals and 
men, the difference in treatment is 
marked. This is inevitable as long as 
the relation between nervous connec- 
tions and learning is unknown. Only 
Cragg speculates on this, discussing his 
work on synaptic patterns in mentally 
deficient mice. 

The physiological articles are mostly 
excellent reviews of areas of research. 
Gaze’s article on neuronal specificity 
in goldfish is particularly lucid. I found 
the other articles slightly less satisfac- 
tory, because of the relative paucity of 
facts. An exception is Bower’s fascina- 
ting review on the innate abilities of 
newborn babies and how these develop. 
The bulletin is well presented and will 
be invaluable for those interested in 
the wide fields it covers. 

GILLIAN MOORE 
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In this revolutionary formula {the velocity of light being identical with the velocity 
of transmission of the gravitational impulse) c represents the gravitational field, while 
Mm represents the inertial field. Thus | bring Einstein's principle of equivalence into 
Newton’s law of gravitation! 

{c = 2 in the numerator) (but also cm/s} 





ABSTRACT 
Mme c ' — 
i. in my formula G << oar the ~r gives the energy of transmission of the 
gravitational impulse between the masses M and m — it is the velocity "c" that puts 


the energy value of the Einstein field into Newton's inverse square law. That is to say 
the velocity "c" is already involved in the Newtonian gravitational potential, but this 
potential (as Einstein puts it) is only one half of the total potential, 

Consider a body situated at the surface of a mass. The radius of the gravitational 
field {r’) will coincide with the radius {r} of the volume of the given mass. The energy 
value of the field will be exactly equal to the Newtonian potential at the surface of the 
mass — a geometrical principle is involved — the Newtonian potential at the surface 
is doubled. This is the situation in the test of general relativity for the bending of a 
ray of light passing the limb of che sun, also in the test for the gravitational red-shift 
of a ray of light issuing from a massive body like the sun or the Companion of Sirius. 

The radius of the gravitational field can never be less than the given radius of the 
volume of the attracting mass, furthermore in this situation the energy contribution 
of the field, which starts at the centre of the attracting mass, will be at its highest 
possible level, 

Since in my formula, cfr? represents the energy of the field, we can readily see chat 
the contribution of che factor “c (3 x 10° cms) will be greatest in these cases, that 
is where the radius of the field = } coincides with the radius ir} of the attracting mass. 
So my formula coincides with Einstein's famous doubling principle and gives the 
identical results in the above cited two tests. 

. The doubling principle may be understood by analogy of the structure of the gravitational 
field with the electro-magnetic field os consisting of TWO wave trains — INERTIA and 
GRAVITATION crossing each other orthogonally. 

The FIELD {4 terms) preserves che REIMANNIAN indices. The DOUBLING arises 
from the SYMMETRY of the FIELD. 

This structure of the universe is shown in my chert “VITAL CORRELATIONS” (Bayonne, 
N. Jo 1946). This interpretation is also supported by Einstein's “equivalence principle”. 

Starting from this fundamental result, we can be guided by the ratio r‘/r for all cases 
where the distance between the two bodies is greater than the radius of the volume 
of the given attracting mass. 

And we draw the conclusion that the energy value of the factor c” (as indeed the 
Newtonian attraction also) will decline relative to the maximum possible value (at the 
surface of the attracting mass} as r’ becomes greater than r. 

2. Applying the above findings to the problem of the excess motion of the perihelion 
of Mercury, we nave: 

Radius of the sun = 432500 miles. 
million miles. 

Ratio — 1/83. 

Ratio for mean distance to surface of sun = 1/82. 

But in order to include the rotation of the ELLIPSE of Mercury around the sun we 
must double the energy contribution of the field — which is to say the additional 


Mean distance of Mercury from the sun = 36 


The above is an abstract of A NEW ROAD TO RELATIVITY (7 pp.) which can be obtained gratis ose ee) by sending minimum postage for sea or air mall: 
to the author and publisher: M. R. SPIVACK, poste restante 12, Upsala, Sweden. Bound copies (limited) £ s 
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PURIFICATION 
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Volume | 
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August. 224 pp. SBN 442 78564 X. £11.25 


RIEGEL’S HANDBOOK OF INDUSTRIAL 
CHEMISTRY 7th edition 
James A. Kent | 

1974. 912 pp. SBN 442 24347 2, 


ELECTRON MICROSCOPY OF 
ENZYMES: PRINCIPLES AND METHODS 
Volume Il 

M. A. Hayat 

August. 148 pp. SBN 442 25679 5. 


CHEMISTRY: A CONCEPTUAL 
APPROACH 2nd edition ISE 
Charles E. Mortimer 

August. 704 pp. SBN 442 30079 4. 
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a NEW ROAD TO RELATIVITY— 
DISCOVERED by MORRIS REDMAN SPIVACK 
4th Edition, 1974, © by M. R. Spivack 1967, %68 & ’72. 


Guwgravitational attraction. M is one mass, in grams, m is another. c is the velocity of light (cm/s). r= radius between M and m. 






contribution of the velocity factor “'c” (as energy of the field) will be [/41 of ros ne 
Newtonian potential at che surface of the sun, or 1/41 ¢ (equivalence principle} oe 
above}. 

i/4] x 3 x 10'° {velocity of light in centimeters per second, in the cgs system} == 
7. 317 x I0’, l 

According to Newcomb, in the American Ephemeris, the perihelion of MERCURY 
has a motion not accoun ya by NEWTON which can be found by multiplying the 

N MOTION by 8.06 x 10° l 

The MEAN MOTION Pi Maney appears (rounded out) as 5 381 O16" x 100 per .. 
century. Multiplying this figure by 8.06 = 10° gives 43.37" of arc excess motion. of 
the perihelion per century. 

As above, | derive the factor 7.317 x 10° directly as inversion from the velocity 
of light as m of mass in Newton's inverse square law. ° 

7.317 x {0° x 5 381 O16" = 39.38" of arc (per century), which leads to a value of 
42.98” for the total excess motion. 

3. 7.317 x I0" x mean motion, includes within the terms only 1/2 of that part. of Bearer 
the excess motion which is due to increase of mass (wich increase of velocity) OF ee 
Mercury as it moves thru the perihelion, 

The other half is due to increase in energy of the Field, with velocity lequivalence: 
principle). Put in other words, mass increase due to velocity increase must be add 
to the Mm in G = Mme/r? both for the inertial and gravitational fields. 

Now the Newtonian line-element ds* is related by the special law of relativity to the. 
ratio v/c" in such a way that increase in the velocity Y may, in the case of Mercury; 
lead to mass increase by a factor of as much as 1/2 vi/c 

The unamended Newtonian line-element, ONNE. can only give values equal to: i 
1/2 of the combined effect of the inertial field and the gravitational field —~ and cans o oo 
sequently only 1/3 of the non-periadic advance of the perihelion ofa planet, and as 000 
we lack only 1/2 of the mass increase — a factor of 1/4 v7/c? — this amounts to [/12 of o Giaa 
the coral excess motion of the perihelion, To make up 1/12, we add HHI to 39,38 0 EEn 
42.96 seconds of arc per a This.is within the modern observed value 43.10 +: AA Bh 
seconds of arc per centu eo 

In terms of c, we have: 1/37. 585 of c instead of 1/41 c, or 1/37.585 x 3 x 10° cm/s a 
instead of 1/4) x 3 x 19%. 


* The doubling of the value of Mm in Mme/r? is actually a result of the transinteraction a 
of the inertial and gravitational fields. Therefor c must be expressed as a multiple: im. 
the formula even if the result of the transinteraction is additive. A notation in the - 
form Mm + c (each side taken as unity} would fail to express the dynamics of the: 
transinteraction. s 

In the extraction of the excess motion of the perihelion of Mercury from the mean. i 
observed motion, the velocity of light is used in centimeters per second as a multiple: 
(inverted to deal with the line-element). l 

The line-element 3ds? used in this section is dependent on c = 2 in the numerator. 
of the formula. £ 


interdependent. ee 
This proves that the value e == 2 truly derives from and represents the velocity of 


light. 
G = Mme/r* is THE NEW ROAD to RELATIVITY. 
(For MARS my formula gives circa 1,3 seconds of arc per century, excess motion.) 
MORRIS REDMAN SPIVACK 
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First and foremost, a mammoth two-volume work 
of tremendous scholarship . 


BIOCHEMICAL SPECTROSCOPY 


o BY R. A. MORTON 


Emeritus Professor of Chemistry, University of Liverpool 


Surely the scientific publication of 
the decade, this extremely impor- 
tant book by a great pioneer and 


Demy Quarto. SBN 85274 286 X 





SPECTROMETRY 


EDITED BY M. PINTA 


Another huge volume covering the 
techniques and chemical methods 
of atomic absorption, translated 


Demy Quarto. SBN 85274 225 8 





THE SPECTROSCOPE 
By K. L TARASOV 
A great Russian authority goes deeply into 


the theory of the spectroscopist’s all- 
l important instrument. 


Crown Quarto. SBN 85274 251 7 
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leading authority of biochemical 
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ready in October or November. 
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October or November. 
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City life e 


Human Settlements: The Environ- 
mental Challenge. (A Compendium of 
United Nations Papers Prepared for 
the Stockholm Conference on the 
Human Environment, 1972.) Pp. xvi+ 
209. (Macmillan; London and Basing- 
stoke, March 1974.) £5.95. 


Man, Materials, and Environment. 
National Academy of Sciences: 
National Academy of Engineering. 


Pp. xviii +236. (MIT: Cambridge, Mass- 
achusetts and London, 1973.) $3.95. 
Topophilia: A Study of Environmental 
Perception, Attitudes and Values. By 
Yi-Fu Tuan. Pp.x +260. (Prentice-Hall: 
Englewood Cliffs, New Jersey, January 
1974.) $8.95 cloth; $4.95 paper. 


Tue United Nations Conference on the 
Human Environment held in Stock- 
holm 1972 may well prove one of the 
most significant events of the decade. 
Consequently a volume of collected 
papers from the conference is likely 
to form a valuable reference to any 
research group working in this area. 
One feature of economic growth has 
been the enormously rapid develop- 
ment of cities, particularly in develop- 
ing countries, and the fifteen back- 
ground papers prepared on this issue 
around the theme “The Planning and 
Management of Human Settlements 
for Environmental Quality” are 
brought together in this work. The 
papers are not intended to be original. 
What they attempt to provide is a 
thorough and coordinated review and 
analysis of current problems in each 
subject area. Included are general com- 
mentaries on comprehensive develop- 
ment planning, population growth and 
distribution, rural development, a case 
study on the environmental impact of 
Polish industry on Warsaw central city, 
transport and communication, waste 
disposal and sewage and lastly, a rela- 
tively short account of social, cultural 
and aesthetic factors. An appendix lists 
those recommendations of the confer- 
ence concerned with settlement and 
urbanisation. 

The main purpose of Human Settle- 
ments is to demonstrate the Importance 
of the careful planning and manage- 
ment of human settlements and that 
this should be recognised as a major 
means of assuring an appropriate en- 
vironment for human survival and 
development. The book emphasises the 
point that pollution need be by no 
means an unavoidable consequence of 
economic development. The sugges- 
tions made in the various chapters 
(written by different authors although 
not individually named here) are wide 
ranging but suffer in that they tend to 
be over-generalised and lack a certain 
coherence of view; possibly inevitable 
in a set of collected papers. Never- 
theless, the work contains much of 


interest to those who would argue that 
it is in towns and cities, where most 
people spend the bulk of their lives, 
that the environment matters most. 
Two factors mitigate against whole- 
heartedly recommending it as a pur- 
chase for the individual researcher; the 
first is that two years have elapsed 
since the conference in June 1972; the 
second is an exceedingly high price for 
what, after all, is a summary. 

By comparison, Man, Materials and 
Environment, a report on materials 
policy in the United States in relation 
to environment, has been produced 
with laudible rapidity. Using the for- 
mula of direct replication of authors’ 
typescript has kept the cost down to a 
reasonable level and resulted in a book 
sturdy enough to withstand its presum- 
ably limited life (in this rapidly develop- 
ing research area). The book represents 
the findings of a number of authorative 
study groups contracted by the Na- 
tional Academy of Sciences, one of 
whose roles was to evaluate the effects 
on US materials policy of the sugges- 
tions of the Stockholm Conference. 
The aim of the study groups was to 
identify maior issues and propose some 
positive actions with respect to public 
policy and research. The detailed find- 
ings of the teams are conveniently 
summarised in the first chapter. The 
second chapter, on the economic im- 
plications of seeking a high environ- 
mental quality, sets out the arguments 
for and against reduction in the 
overall rate of economic growth. , The 
problems of metallic and non-metallic 
mineral extraction, fuels and forest 
products and the relations of domestic 
policy for international trade are 
tackled in turn and included for good 
measure is a comparative case study of 
environmental resource problems and 
policies in Japan. Particular attention 
is paid to the operation of the ‘polluter 
pays’ principle in a mixed economy 
and this method is advocated for the 
United States (and has now also been 
accepted by the European Commis- 
sion for inclusion into the Community 
Environment Protection Programme). 
Emission taxes rather than subsidies 
are reckoned to be the socially least 
expensive but in a number of areas, 
such as packaging, the suggestion is 
that experimentation will lead to the 
best allocation of charges. In the main, 
this volume is entirely constructive, 
suggesting lines of research and policy 
methods to safeguard the future of the 
natural environment. One may jibe at 
some of the @mphases but in doing so 
must accept that the research proposed 
will help to clarify the8e areas of un- 
certainty. A book certainly to be re- 
commendéd to any serious researcher 
in this field. 

Finally, Tuan’s book *Topophilia, 
easily compefisates for the absence of 





discussion about cultural aspects of the 
environment found in the other 
volumes. Topophilia is the affective 
bond between people and place. In 
this enjoyable and stimulating book 
Tuan sets himself the task of describ- 
ing a complicated synthesis and he has 
succeeded admirably. The book has 
Tuan’s distinctive style and communi- 
cates well both his subject and his own 
love of it. He approaches the questions: 
What are our views on the physical 
environment, natural and man made? 
How do we perceive, structure and 
evaluate it? What have been and what 
are our environmental ideals? How do 
economy, life style, and the physical 
setting affect environmental attitudes 
and values? What are the links be- 
tween environment and world views? 
He traces and compares the answers 
to these questions from the early 
Greeks to the modern American city, 


the Aivilik Eskimo and the Hopi ` 


Indian, between humans and animals. 
By contrasting the perceptions and 
activities of man, the city dweller with 
that of his forbears, Tuan exposes both 
the richness and the poverty of city 
life. He builds an image of ‘civilised’ 
man’s perception of nature, especially 
the ‘countryside’, as a reaction to the 
city which itself was originally evolved 
as an escape from the dangers of the 
wilderness. Thus, Tuan describes the 
city as a symbol, even tracing the his- 
tory and function of city nicknames. 
For example, of the four American 
cities with the largest number of nick- 
names, New York (the Big Apple, the 
Babylonian Bedlam) boasts its world 
status, Washington its political suprem- 
acy, Chicago projects civility and San 
Francisco elegance. Of a different 
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Lavoisier’s gasometer, taken from his 
Traité élementaire de Chimie. The gas- 
ometer supplied a stream of gas flowing 
at a steady rate to a reaction chamber 


and was used in the demonstration of o 
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it was introduced to Holland by Ma 
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and T. H. Leveres (Noordhoff: Le 

1973, DA. 60). E 



















ulture; Tuan describes how the rain- 
forest environment of the pygmy with 
its lack of horizon and landmarks, 
without pattern, has resulted in a world 
view in which the sense of distance and 
` perspective is “distorted” and a sense of 
- time is curtailed. 

But to dip into the book, despite 
the inherent interest of every page, is 
not to do it justice because it must be 
emphasised that Tuan has composed a 
coherent and systematic thesis, analys- 
ing those innate aspects of our values 
and perceptions which we seem to 
share with other life forms, from those 
which mark us as individuals, or as 
members of a certain culture or sub- 
group. Possibly, and this might be 
taken as an anticipation rather than 
an omission from an otherwise com- 
prehensive work, Yi-Fu Tuan’s thesis 
could have led into a deeper discus- 
sion of the evolving nature and com- 
plexity of contemporary society in 
_ relation to concepts such as “post- 
- industrial society” and “future shock”, 
but perhaps this is for another volume. 
What he has achieved is to extend a 
_ way of looking at the natural and 
- physical environment which demons- 
trates and calls for an appreciation of 
our Own and other people’s values and 
way of life at all levels of planning. 
The book is inexpensive and well in- 
_ dexed and should provide a useful and 
<= thought provoking basic text for both 
_ the casual reader and university courses 
dealing with urban geography, man in 
relation to the environment or the 
humanities. H. S. D. Core 


-= Acoustic orientation 
Echolocation in Animals. By E. S. 
Airapet’yants and A. I. Konstantinov. 
(Translated from Russian.) Pp. vi+ 
309. (Academy of Sciences of the 
U.S.S.R. Joint Scientific Council on 
Physiology of Man and Animals.) 
(Israel Program of Scientific Trans- 
lations: Jerusalem; Wiley: Chichester: 
January 1974.) £10.50. 


= Tms book was first published in the 
o: Soviet Union in 1970. It reviews Rus- 
‘sian literature up to 1969 and Western 
literature up.to 1968 so that many 
-important discoveries made within the 

~ Past five years are not covered. The 
= major part of the book is devoted to 
Studies on bats. This includes sections 
con the biology of bats, the nature 
of sound waves and methods of study- 
g bat sounds. The signals emitted by 
bats are described and methods of 
und production and radiation are dis- 
sed. Studies on both the auditory 
system of bats and their echo location 
ability are dealt with in some detail. 
_ Echo location in birds and small mam- 
mals is also. discussed, but very briefly. 
_ The chapters on Cetacea include des- 
criptions of their biology, mechanisms 
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of sound E and reception, a 
review of the different signals emitted 
by these animals and a consideration 
of their echo location performance. 
The final chapter of the book is de- 
voted to echo location in pinnipedes. 

The main value of the book is that 
it draws together much recent Russian 
literature on echo location. Russian 
work is described in some detail, par- 
ticularly in the sections on hearing in 
bats and on the echo location abilities 
of both bats and dolphins. Although 
this is useful for non-Russian readers, 
it often results in considerable im- 
balance in the treatment of different 
topics; a more comprehensive treat- 
ment of some topics would have been 
useful. For example, the authors des- 
cribe their own equipment to illustrate 
methods of studying bat signals. But 
this excludes a consideration of equip- 
ment used by other workers, such as 
portable bat detectors and sound 
spectrographs, both of which are im- 
portant in the study of bat signals. 
Displays from the latter, taken from 
the literature, are presented later in 
the book with no explanation and oc- 
casionally without adequate labelling. 

The authors express the hope that 
the book will appeal to readers of 
many professions, but very little help is 
given to interdisciplinary readers or to 
newcomers to the subject. For in- 
stance the theoretical considerations of 
various aspects of echo location are 
often difficult to follow and many of 
the equations are given without any 
hint of derivation or a source refer- 
ence. Also, descriptions of the anatomy 
of the larynx and the auditory pathways 
are given as a string of latin names, 
without adequate explanations or dia- 
grams. The absence of an index is also 
a great drawback and makes the book 
difficult to use as a reference text, 

On the whole the English transla- 
tion from the Russian is very readable 
but there is some awkwardness of ex- 
pression in which the exact meaning 
is often not clear. Some apparently 
literal translations have been given, 
for example ‘humeral girdle’ and 
‘cathode repeater’ when these could 
have been fairly easily replaced by 
their more commonly accepted equiva- 
lents, here ‘pectoral girdle’ and ‘cath- 
ode follower’ respectively. 

Some points of production are irk- 
some. The latin names of species and 
genera are not italicised (this is a 
reversal from the Russian text) and 
the references given in the text and in 
the bibliography are not always accur- 
ate or consistent. 

Because thé literature on echo loca- 
tion is expanding so rapidly, a new 
comprehensive, critical review would 
be welcome. This book is disappoint- 
ing both in the treatment of the mater- 
ial and in its presentation and does not 








© Nature | Vol. 250 August 30 1974 
Fulfil. the requirements of such a re- 
view. But because of its account of 
Russian work, the book will be a use- 
ful, though expensive, addition to liter- 
ature on bioacoustics, 

GILLIAN D. SALES 


Plant ecology in Africa 


East African Vegetation. By EM. 
Lind and M. E. S. Morrison. Pp. xvii 
+257. (Longman: London, April 
1974.) £6. 


THE appearance of this work will be 
hailed by those interested in tropical 
Africa as an ecological milestone, for 
in spite of excellent herbaria and taxo- 
nomic works, biologists have had to 
work in these regions without the aid 
of a general description of the vegeta- 
tion. Indeed in many cases, large 
mammal research schemes have been 
devised without reference to botanical 
studies. 

The authors have avoided the diffi- 
culties of describing vegetation with 
long lists of plant names by referring 
to dominant species and community 
structure, and relating this information 
to details of microclimate, water rela- 
tions, soils and productivity. Addi- 
tionally, they have succeeded in relat- 
ing botanical information to simple 
descriptions of animal communities. 

Vegetation types are dealt with in 
considerable detail and include forest 
habitats, rangelands (grassland and 
wooded grassland), inland aquatic vege- 
tation, coastal vegetation (including 
intertidal and mangrove swamps), and 
high altitude vegetation. Considering 
the difficulties of describing local con- 
ditions existing at altitudes ranging 
from sea level to 19,000 foot, the 
authors have achieved a good balance 
between purely descriptive material and 
broader ecological information. 

Part two discusses the influence of 
water availability and temperature on 
plant form, structure and growth fol- 
lowed by a short chapter on soils: the 
description of catenary soil associations 
and their vegetation types is parti- 
cularly valuable. 

Alan Hamilton contributes a useful 
chapter on vegetational history, in 
which he examines evidence derived 
from macro fossils, pollen analysis and 
plant geography. Of particular interest 
is the author’s comparison of the ap- 
parently impoverished African forests 
with those of Malaysia and South 
America. He concludes that the flora of 
these areas have been depauperated at 
a time when the climate was very dry. 

This valuable addition to the tropical 
literature will be of great value to re- 
sgarch workers, teachers and students 
at all levels, and with luck will provide 
a new impetus for field botanical 
studies in Africa. MALCOLM COE 
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Sir Nevill Mott, F.R.S. 


formerly Cavendish Professor of Physics, 
University of Cambridge 


The author of this book first pointed out in a 
paper published 25 years ago that insulators: 
could sometimes be transformed into metailic 


conductors by pressure or by change ofo- 


composition and that the change was likely to 


be sudden, either many electrons being free or ee 


none. In the last ten years the “metal-insulator — 
transition” has become a fashionable part of | 
solid-state science. In this book, Professor. 
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from both the theoretical and experimental - 
points of view. | 
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H. G. J. MOSELEY 


The Life and Letters of an 
English Physicist, 1887-1915 
J. L. HEILBRON 


H. G. J. Moseley (1887-1915), the son and grandson 
of distinguished English scientists, a favorite student of 
Rutherford’s and a colleague of Bohr’s, completed 
researches of capital importance for atomic physics just 
before the outbreak of World War |. He was urged to 
devote himself to scientific war work in England, but his 
duty as he saw it was to join the battle. He procured 
himself command of a signal section in the Royal 
Engineers, a speedy trip to Gallipoli, and death in the 
bloody battle for Sari Bair. 

In this work the author presents a full record of Moseley’s | 
brief and brilliant career. It gives instructive detail about 
Eton, which, as Mr. Heilbron shows, offered more 
opportunity for acquiring a foundation in science than 
its emphasis on Greek and games would suggest; about 
Oxford, a scientific backwater in Moseley's time; and 
about Rutherford’s thriving laboratory at the University 
of Manchester. It describes in detail Moseley’s 
apprenticeship in experimental physics, his growth 
under the tight supervision of Manchester, and his 
classical independent work on X rays, which almost 
certainly would have brought him the Nobel Prize. An 


epilogue sketches the chief results secured by others in 


eine decade after his death and in the research lines he 
opened. 
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“Hormones to kill insects . 


Insect Hormones and: Bioanalogues. By 
K.: Sláma, M. Romanuk and F, Sorm. 
Pp. ix+447. (Springer-Verlag, Vienna 
and New York, 1974.) $45.90. 


Wiru its various sections written by an 
insect physiologist and by two organic 
chemists, this is primarily a chemical 
study of two groups of insect hor- 
mones, the juvenile hormone and the 
moulting hormone (ecdysone), and of 
the numerous synthetic materials with 
similar physiological activities. The 
natural juvenile hormone in the body 
of the insect they call consistently the 
corpus alatum hormone (CAH) and all 
isolated chemicals, whether natural or 
synthetic, which show the same activi- 
ties in greater or less degree, they 
call ‘juvenoids’. Likewise the natural 
moulting hormone in the body is 
named the prothoracic gland hormone 
(PGH) and all natural and synthetic 
chemicals with the same activities they 
call ‘ecdysoids’. This is a useful con- 
vention which avoids, much unneces- 
sary argument. 

Fhe chemical structure. and the vari- 
ous syntheses devised for natural juve- 
noids and ecdysoids are described in 
great detail with clear and consistent 
structural formulae throughout, and at 
the end of the book a table of some 
350- compounds gives structural formu- 
lae andthe approximate dosage re- 
quired for equivalent activities of each, 
ina range of a dozen or so insects 
which have been extensively used for 
assay purposes; and a further table 
gives’ an alphabetical list of the same 
‘juvenoids’ according to their chemical 
derivation. Sorm and Romanuk have 
worked extensively in this field of or- 
ganic chemistry in relation to both 
juvenoids and ecdysoids, and the book 
contains much previously unpublished 
information from their laboratory. But 
published work from elsewhere is well 
covered: although doubtless much more 
information remains in the hands of 
commercial firms which have been 
active in this field. 

The table of activities provides a 
useful basis for reflections and specula- 
tions about the chemical factors con- 
cerned in the relative activity of juve- 
noids—but the figures must, of course, 
be interpreted with caution, since a 
15-fold increase in activity of a given 
compound may result if it is applied 
to the cuticle at a dilution of 1:1,000 
or more in a non-volatile oil, as com- 
pared with the usual method of appli- 
cation in a volatile solvent (such as 
acetone or octane) which leaves an 
undiluted residue of the active principle 
on the surface. And a similar increase 
in activity results if the application is 
spread. in the form of small doses 
throughout the sensitive period in the 





life of the insect, as compared with a 
single application at the outset. 

The authors are principally con- 
cerned with the possibility of juvenoids 
(and to a less extent of ecdysoids) being 
used as insecticides: to render insects 
non-viable by disturbance of their nor- 
mal metamorphosis; to arouse dor- 
mant insects from diapause at some 
inclement season of the year; to steri- 
lise females by adverse effects on their 
developing ovaries; or to produce non- 
viable embryos or teratological injuries 
to young larvae by applications to preg- 
nant females or to newly laid eggs. 
As a background for such considera- 
tions Slama provides a very full re- 
view of the normal hormonal physio- 
logy of insects and of the effects of 
ecdysoids and juvenoids. 

The endocrinology of insects is beset 
with numerous pseudo-problems. What 
are the chemical effects of ecdysoids? 
Do they induce DNA synthesis, or 
RNA synthesis? When renewed growth 
results in cell multiplication (as it com- 
monly does) DNA synthesis of course 
occurs: but if sufficient cells already 
exist it has long been known that 
moulting (with or without metamor- 
phic change) can take place without 
DNA synthesis. Renewed growth com- 
monly means renewed protein synthe- 
sis; it has long been known that within 
an hour or so of ecdysoid treatment 
RNA is increasing in the affected cells 
——but the same happens in many other 
cells without the need of ecdysoids. 
An early effect of ecdysoids at meta- 
morphosis in some caterpillars is‘con- 
version of tryptophane into red ommo- 
chrome pigments; in fly larvae, the con- 
version of tyrosine into quinones to 
sclerotise the puparium. But all such 
effects are episodes in the growth pro- 
cess which ecdysoids initiate; they are 
not direct effects of the hormone. The 
juvenile hormone was originally des- 
cribed as ‘inhibiting’ metamorphosis: 
and that is a fair enough description. 
Unfortunately this was interpreted to 
mean an antagonistic relation between 
this hormone and the moulting hor- 
mone; an idea which has led to much 
unprofitable controversy. The earliest 
suggestion on the nature of the ‘in- 
hibitory action’ of the juvenile hor- 
mone was that it accelerated the de- 
position of the new cuticle and thus 
arrested ‘differentation toward the 
adult form’. This process was clearly 
demonstrable; but many years elapsed 
before it was realised that it is due to 
excessive amounts or precocious timing 
of moulting hormone supply and not 


to the juvenile hormone, Finally, it is- 


often very difficult to distinguish be- 
tween direct effects of a hormone and 
feedback og homeostatic effects result- 
ing from its action elsewhere in the 
body. By and large Slama,gadopts the 
rational viewe in dealing with these 


problems; but he gives a conscienti 












































account of much of the literatur 
which tends to obscure the ration 
of his approach. : 

V. B. WIGGLESWORTH 


Liquid physics __ Ae 
Liquid State Physics: A Statistical 
Mechanical Introduction. By: Clive A. © 
Croxton, Pp. x+421, Cambridge | 
University: London, May 1974.) £10. i 


Dr CRoxtTon’s intention in ‘writing oa 
this book was to provide a guide to 
the uninitiated. On the whole, I think 
he has achieved this aim, although the | 
book is not in any sense an elementary 
one. The material covered in the first 
chapter deals with the theory of im- 
perfect gases and forms a sound ł 
for the latter sections. The metho 
correlation functions is introduces 
the second chapter and is applied. to 
the problems of the liquid state in the 
way associated with the names of K 
wood, Rice, Percus and othe: 
Chapters 3 and 5 aim to discuss.t 
numerical side of the subject and- 
make a comparison between theory. on 
the one hand and experiment or co 
puter simulation on the other. H 
the difficulty that faces all auth 
writing textbooks on subjects. wl 
are developing rather rapidly is- 
some of the material necessarily is 
of date even before the book is 
lished. There are statements w 
doubtless Dr Croxton would now wist 
to modify in the light of recent work 

Chapter four is, to my mind, the 
most worthwhile in the book. The 
nature of the surface of liquids has. 
been sadly neglected in the past both 
from an experimental and a theoretical 
point of view. Dr Croxton brings the. 
special properties of the surface into 








and measurement by special referenc 
to the surface tension. This is a field 
in which the author himself has made _ 
a major contribution and this fact is — 
reflected in the clarity with which 
difficult ideas are explained. The 
chapter concludes with a short but 
very useful exposition of the way that 
the basic theory must be modified to 
handle surface properties of quantum: ae 
liquids. sare 
The final chapter is concerned with - : 
transport processes, and this is a sub- 
ject which has been covered 
adequately in the past in anu . 
review articles. There is perh 
for a little more comparison 
the neutron diffraction wor 
theory, but this is compensated | 
very comprehensive list of up-t 
references which the author: 
to the chapter. J, E. Ew 
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E Weapons and laws of war 


The Problem of Chemical and Biologi- 
cal Warfare. Vol 2: CB Weapons To- 
day; vol. 3: CBW and the Law of War. 
Stockholm International Peace Re- 
search Institute. Vol 2: Pp. 420; vol. 
3: pp. 194. (A study of the Historical, 
Technical, Military, Legal and Political 
Aspects of CBW, and Possible Dis- 
armament Measures.) (Almqvist and 
Wiksell: Stockholm; Humanities: New 
York; Elek: London, 1973.) Vol. 2: 
Sw.kr.75; $16.50; £7.50; vol 3: 
Sw.kr. 40; $10; £5. 


THESE two latest volumes in the SIPRI 
series maintain the scholarly distinction 
and absorbing interest of their pre- 
decessors (volumes 1, 4 and 5, published 
in 1971, were reviewed in Nature, 236, 
355; 1972.) Volume 2 now takes the 
historical survey of CB Weapons, de- 
fences, policies and programmes be- 
yond 1945 where volume 1 left off. 
It brings together in a masterly way the 
available information on contemporary 
CBW technology and examines as far 
as is known the policies of each state 
towards the use of CBW, including 
tables indicating continent by continent 
states’ formal attitude towards the 
1925 Geneva Protocol and the 1972 
Convention on Biological and Toxin 
Weapons, which is not yet in force. 

This volume, written by Julian Perry 
Robinson, with the assistance of 
Carl-Göran Hedén and Hans von 
Schreeb, is essentially a work of infor- 
mation, endowed with more than 1,600 
references in addition to footnotes. 
Special attention is paid, as one would 
expect in a SIPRI publication, to the 
importance of research and develop- 
ment programmes and the relationships 
thus engendered between the military 
and scientific communities (pages 325- 
332). Specific R and D programmes, 
such as that concerned with ‘binaries’, 
are also described. 

Volume 3, written by the Danish 
peace researcher Anders Boserup, ad- 
dresses itself to the question: what 
does international law, and specifically 
the international law of war, have to 
say about CBW? One might think this 
a Straightforward question, the answer 
to which could scarcely deserve a vol- 
ume to itself: a question in any case 
less interesting than whether the law 
is ‘strong? enough, and if not what 
can be done to strengthen it, subjects 
on which SIPRI had already had much 
to say in volume 5. One might therefore 
expect volume 3, being “only concerned 
with the legal issues in the narrow 
positivist sense of determining what the 
law says” (page 42), to be uncontro- 
versial to the point of boredom. 

Not so. For there happens to be 
considerable disagreement over fhe 
State of the law. Most of the responsi- 
bility for the present uncertainty must 
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be laid at the door of those govern- 
ments which have made it their busi- 
nes to discover and exploit supposed 
ambiguities in the Versailles Treaty 
formula for defining chemical weapons. 
This 1919  formula—‘‘asphyxiating, 
poisonous or other gases and all ana- 
logous liquids, materials or devices’ — 
was also embodied in the Washington 
Treaty of 1922, which did not enter 
into force, and the Geneva Protocol 
of 1925, which did. More than 90 states 
are now parties to the protocol. 

What is agreed is that there exists 
a legal prohibition on the use of chemi- 
cal weapons and biological methods of 
warfare. But is the chemical ban as 
absolute as the biological? Is the con- 
tent of the prohibition in customary 
international law more extensive than 
the treaty prohibition binding only 
parties to the Geneva Protocol? Is 
retaliatory use of CBW as firmly 
banned as first use? And what is the 
legal effect of the reservations made 
by many states, including Britain, 
upon ratifying the protocol, reserving 
the right to employ CBW against not 
only the state which violates the proto- 
col but equally against that state’s 
allies? 

The SIPRI study examines these and 
other questions but deals most fully 
with two matters of bitter controversy : 
harassing agents (gases such as CN and 
CS) and chemical herbicides. The con- 
troversy is first resolved, systematically, 
into four questions: (1) Is the use in 
war of harassing agents prohibited, on 
condition of reciprocity, among parties 
to the Geneva Protocol? (2) Is the use 
in war of herbicides likewise prohibited 
under the protocol? (3) Is the use in 
war of harassing agents prohibited 
nowadays by a peremptory norm (jus 
cogens) of custamary international 
law, binding (by definition) on all states 
irrespective of their attitude to the 
protocol? (4) Is the use in war of 
herbicides likewise prohibited by a 
peremptory norm? 

SIPRTs treatment of these four key 
questions is thorough, well informed 
and tightly argued. In the end we find 
that the answer given to each of 
the four is yes, although it is admitted 
‘pages 137-8) that (4), the customary 
prohibition of herbicides, is less con- 
clusively proved than the first three. 
This is partly because jus cogens is a 
vague concept, with no such precise 
apparatus of proof as the rules of treaty 
interpretation provide; partly because 
evidence of state practice and belief is 
relatively slender. F 

So SIPRI settles for the most ex- 
tensive view @f the state of the law, 
incidentally supporting U Thant and 
the United Nations Genera] Assembly 
in the views which they separately ex- 
pressed inęl969 and from which few 
states other than the dimited States 
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have ever deviated. Some of the re- 
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Strictive interpretations suggested seem 


to have been based on misunderstand- 
ings or ignorance of international law, 
whereas of others the kindest thing 
that can be said is that they “can only 
arise from a highly specious reading of 
the Protocol’ (page 43). Both com- 
ments apply in full measure to the 
notorious British policy statement 
purporting to exclude CS gas from the 
scope of the protocol: a policy as 
legally untenable (and unnecessary) 
now as when it was first announced in 
1970. SIPRI once again condemns the 
British statement (pages 59-62) but, as 
in previous volumes of this study, attri- 
butes it to improbable causes, over- 
looking the clues contained in its very 
ineptitude of expression. 

In conclusion this volume can be 
warmly commended, but with two 
qualifications. Its author did not have 
time to take adequate account of the 
implications of states’ signature and 
ratification of the 1972 convention. 
Indeed, the reference (page 149) to this 
partial disarmament treaty is marred 
by a faulty argument regarding the 
significance of the withdrawal clause 
which assumes, mistakenly, that use of 
BW and toxins was among the activi- 
ties banned by the convention. (It 
should have been; but on that point 
Britain was obliged, by Sweden and the 
East European states, to give way in 
the autumn 1971 round of negotiations, 
so that the Convention ended up with 
no ban on use as such), Less excusable 
on grounds of time is the failure 
(pages 62-3) to distinguish between in- 
terpretations of the Geneva Protocol 
and statements of intent for future CW 
agreements. The 1970-71 policy dec- 
larations of Canada, Norway and the 
Netherlands were clearly of the second 
type and should not have been adduced 
as evidence supporting the extensive 
interpretation of the protocol. 

N. A. Sims 


Geochemistry handbook 


Handbook of Geochemistry Vol. 2/3. 
K. H. Wedepohl (executive editor) and 
C. W. Correns, D. M. Shaw, K. K. 
Turekian and J. Zemann (editorial 
board). Pp. iv+845. (Springer-Verlag: 
Berlin and New York, 1974.) DM 258: 
$99.40. 


THe Handbook of Geochemistry has 
been taken a further substantial step 
towards completion with the publica- 
tion of this section. Chapters for six- 
teen new elements are introduced: of 
these only that for barium is supplied 
i» entirety, although substantial parts 
of the chapters on nitrogen, fluorine, 
gallium, selenium, indium, tellurium 
and thallium are also provided. Eleven 
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| ¿sections relate to incomplete 
chapters which have already been pub- 
lished and these allow the completion 
of another nine chapters (lithium, 
sodium, potassium, zinc, rubidium, 
cadmium, cesium, platinum and bis- 
muth). Now that more than half the 
text, in both number of elements and 
pages, is complete (chapters for more 
than fifty elements are now complete, 
or virtually so), much of the frustration 
caused by gaps is removed. The 
standard of production remains high. 

D. G. MURCHISON 





Putting viruses together 
Morphogenesis of 
phages. By B. F. Poglazov. Pp. vi+ 105. 
Monographs in Developmental Biology, 


Vol. 7. (Karger: Basel, London and 
New York, 1973.) 54 Sw.fr.; £7.85; 
$16.75. 


In a monograph which might better be 
entitled “T4 structural proteins and 
their assembly”, the author has 
attempted to integrate the extensive 
physical and chemical studies on the 
proteins of bacteriophage T2 from his 
laboratory with the genetic analysis of 
phage development which has come out 
of laboratories in Europe and the 
United States in the past ten years. The 
product is a review of the results of 
roughly 100 papers arranged according 
to the part of the phage structure whose 
assembly is being considered. 

Of the seven chapters, the two prin- 
cipal ones are devoted to assembly of 
the head and tail of T4 and T2. The 
discussion of head morphogenesis is 
devoted to the inferences on form de- 
termination which can be drawn from 
genetic analyses of mutants in T4 head 
genes and the interesting experiments 
from Poglazov’s own laboratory on 
structure formation from solubilised 
phage T2 head protein. Unfortunately, 
little mention is made of the work which 
has been published to elucidate the role 
of DNA in phage head formation, a 
subject of considerable recent contro- 
versy. 

The assembly of the phage tail re- 
ceives the longest treatment—fully half 
the book. Again most space is devoted 
to the work of Poglazov and his colla- 
borators on dissociation and reassocia- 
tion of tail tube and sheath protein. 

A short and extremely dense chap- 
ter is devoted to tail fibre assembly. 
The brevity is unfortunate because the 
fibre assembly pathway is certainly the 
best example of a morphogenetic path- 
way in T4 asembly, and beautifully 
illustrates the complementary ap- 
proaches of genetics, immunology, 
electron microscopy and biochemistry 
to problems of structure formation. 
But ‘enough references are given to 
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enable the interested reader to fill in 
the details for himself. 

In his devotion to detail, Poglazov 
obscures some of the larger problems 
of phage morphogenesis. There is hardly 
any mention of the timing of phage 
development, regulation of quantities 
of various components synthesised, or 
of possible mechanisms of length or 
torm determination. 

Generally, the author's policy is to 
present observations and results without 
comment. The lack of synthesis will 
make for difficult reading for the un- 
initiated, and the lack of evaluation of 
published results will at times be mis- 
leading for those not already familiar 
with the difficulties of experimentation 
in the field, MICHAEL K. SHOWE 


Weather satellites 


Climatology from Satellites. By E. C. 
Barrett. Pp. xii+ 418. (London Meth- 
uen: London, May 1974.) £7.90. 


THE idea of this book, if I have divined 
its origins aright, is to liven up the 
teaching of climatology in schools— 
and, perhaps, to geographers in uni- 
versities—-by introducing the subject 
through the medium of satellite pic- 
tures, backed up by the analysis of 
other kinds of satellite data. Or it may 
be meant just to give a fresh view of 
the subject in this way. The 41 satellite 
photographs are the book’s main at- 
traction. Among the more impressive 
ones are several which show the frontal 
cloudsheets of the northern and 
southern hemispheres trailing till they 
meet in the equatorial convergence 
and one (plate 19), a half-month com- 
posite, which shows the cloudless zone 
along the equator in the Pacific extend- 
ing from the Americas as far as 170°E. 
It is a pity that the minimum brightness 
composite (plate 9) which gives a sam- 
ple of the rendering of ice and snow 
and persistent cloud was chosen from 
the Antarctic summer. 

The book is written for geogra- 
phers; others may find it useful as a 
handy small guide to the early history 
of weather satellites, the data and issues 
which are now available, the symbols 
in common use on map analyses of 


satellite information and so on. Among 


its features are a table (on page 21) 
of the spatial resolution and frequency 
of various kinds of satellite observa- 
tion, the list of routinely available aver- 
age, minimum and maximum brightness 
maps and their uses (on mages 50-51). 
the long table (pages 87-92) on identi- 
fication of cloud types from satellite 
photographs the samples of infrared 
techniques for deriving surface and 
cloud-top temperatures, mean cloudi- 
ness and refafive humidities and the 

































































introduction (on pages 111-7) to 
derivation of precipitation from. sa 
lite surveys. More could have be 
said about the inadequacy of precip 
tion measurements at the surface, wi 
the insoluble problems of representativ 
catchment of the precipitation at sea. 
and of snowfall anywhere, and the .. 
potential virtue of uniformity in deso 
rivations, however difficult and indir- 
ect, from satellite observations. We 
lcarn (page 124) that most cloud bands ` 
in all latitudes are aligned with the 
surface wind; we learn also, however; — 
the complications and limited possi- 
bilities of accuracy in deriving wind _ 
speeds and cloud-top heights. oe 

But whether climatology can t 
taught in the way this book attem 
it may be doubted. The effect is rathe 
like that of walking into a cinema- 
the middle of the film: the order ¢ 
presentation is strangely jumbled. W 
meet the gradient wind on pages 120- 
the sun as the source of energy on 
page 147 and are rewarded for pat 
ence with a nice set of pole-to-pole 
profile diagrams of the various com- 
ponents of the energy budget on page 
159. 

I hope not to be unfair in saying 
that I found this author’s style foreign | 
and difficult; for example the ambigu- 
ous statement on page 71 that: “t 
amplitudes and locations of the maxim: 
and minima of incoming radiation a 
seasonally variable” (within a give 
season? from season to season? « 
when we compare the same season 
different years?). The waves in the 
upper westerly winds are introduced. 
(page 196) with the statement that they — 
“undulate meridionally”. The strato- 
spheric circulation is explained (page — 
209), only too briefly, as “a huge stand- 
ing wave related to the zone of maxi- 
mum insolation”: in this the book 
clearly attempts too much. Finally, th 
odd statement is made that an ati 
of cloudiness might seem uninteresting 
except in relation to programmes of 
space research and Earth Resources | ae 
Technology Satellites, though we are | 
persuaded that the knowledge is needed. 
for computer modelling and for tracing — 
the general circulation of the atmos- > 
phere: surely the last named is the 
average viewer’s first exciting impres-  ă 
sion of satellite cloud photography. = 

The author is an enthusiast for the — ee 
use of satellite observations and has 
contributed valuable studies of the cir: 
culation and cloud development ove 
the tropics, which occupy much of 
regional climatology section of- 
book. Despite the irritating awkw 
nesses, the book succeeds in comi 
cating this enthusiasm and may th 
fore succeed also in stimulating 
general reader to try out the 
this fascinating tool himself a 
further understanding. H. H. 
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Group theory 

Classical Groups for Physicists, By 
Brian G. Wybourne. Pp. xvi+415. 
(Wiley: New York and London 1974.) 
£10.60. 

THIS is a fine introduction to the group 
theoretical method in modern physics. 
During the past twenty-five years, the 
significance of symmetry transforma- 
tions in describing physical phenomena 
has come to be recognised more and 
more and with it the use of group theory 
~-and particularly the theory of Lie 
groups, due to the work of Wigner, 
Racah and others. This volume gives an 
exposition of Lie group theory for 
physicists following the traditional 
treatment of Weyl and Cartan as modi- 
fied by the work of Dynkin and the 
Russian School. 

The book divides into two major 
parts. The first presents a detailed ex- 
position of the principal features of Lie 
groups and algebras and their topo- 
logical structures, leading up to the 
Cartan-Weyl classification. Diagram- 
matic techniques of Dynkin are used to 
construct simple Lie algebras, and con- 
cepts of weights, Casimir invariants, and 
Clebsch-Gordon coefficients are dis- 
cussed in detail. The discussion is mostly 
carried through for compact groups 
though there is a brief section on the 
non-compact SU(1, 1). This portion of 
the book is written very much from a 
physicist’s point of view—that is to say, 
principal concepts are introduced, 
results stated though not always proved 
with the emphasis being very much on 
ideas and the methodology rather than 
on rigour. I thoroughly approve of the 
approach—-I only wish this part of the 
book was longer. 

The second part treats the group 
theory of three topics in detail—the 
isotropic harmonic oscillator, the hydro- 
gen atom and the shell structure in 
nuclear theory. There is an excellent 
bibliography. 

I would recommend the book for 
postgraduate students in nuclear theory 
and high energy physics as a self- 
contained introduction to the advanced 
ideas and techniques. 

ABDUS SALAM 


Intelligent beings 


Phe Development of Mind. By A. J. P. 
Kenny, H. C. Longuet-Higgins, J. R. 
Lucas and C. D. Waddington. Pp. 152. 
(Gifford Lectures 1972/1973.) (Edin- 
burgh University: Edinburgh, April 
1974.) £2.25. 

THE traditional Gifford Lecture, with 
some notable person putting forward 
a synthesis of his views on natural 
theology, is a well established part of 
the British intellectual scene. For two 
recent winters, however, something 





different has been tried: a group of 
four people have shared the lectures, 
and at each session one person gave an 
opening statement, and there was then 
discussion between the four. Although 
each man is widely talented, they could 
be labelled as specialists in artificial 
intelligence, philosophy, theology, and 
biology respectively: and this volume 
reports the second series of such lec- 
tures. 

On the whole, the title is taken as 
referring to the appearance of minds 
in the course of evolution: not in the 
other possible sense of the development 
of a mind from that of the baby to that 
of the Gifford Lecturer. There are some 
cursory references to the latter prob- 
lem, but on the whole the assumption 
is taken that “there is overwhelming 
evidence that our most primitive skills 

. are inborn”. The discussion con- 
centrates mostly therefore on the view 
of the world we ought to have if evo- 
lution has given rise to creatures 
possessing our capacities: problems in 
fact not too dissimilar from those han- 
dled by Monod in Chance and Neces- 
sity, and that book is mentioned several 
times. By contrast with a book like 
Monod’s, one naturally does not get 
a unified and single point of view in 
all its complexity: the main merit of 
this kind of attack is rather that any 
overemphasis by one lecturer can in- 
stantly be picked up by another. Thus 
for example the argument that lan- 
guage is difficult to explain by natural 
selection, because it is only of benefit 
when more than one person has it, 
is Immediately countered by the argu- 
ment that we only have to explain a 
series of small steps in improving 
communication, rather than the sudden 
appearance of a complete complex syn- 
tax. For those who want the balance 
and interaction of the various points 
of view represented, this will in some 
ways be a more satisfying book than 
that of Monod. Probably one should 
not lay down that all future Gifford 
Lectures should be of this type: but 
it was worth the attempt on this oc- 
casion. 

Reaction to lectures on natural 
theology is bound to be a personal 
matter: but in two ways this volume 
fails to speak to my condition. First, 
the emphasis is on the processes which 
produce mind and not upon its nature, 
and this is linked with a silent assump- 
tion that all human beings have the 
kind of minds which can be heard 
discussing in Oxford and Edinburgh 
common rooms. Yet the outburst of 
studies of the behaviour of the develop- 
ing child, ané for that matter of adults 
with a rather different type of mind 
from the academic one, make one a 
bit doubtful of the generality of this 
kind of ediscussion. Our ancestors 
looked at the species whch now exist 
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and, could see no way to explain them 
other than by special creation: and 
there is something of the same flavour 
about these discussions which take the 
mind as an unanalysed given, without 
considering development within the in- 
dividual. To psychologists therefore, 
whose professional blinkers forbid them 
to take for granted what the mind is 
and what it does, this kind of discussion 
is bound to seem curiously old. fash- 
ioned and irrelevant. 

This kind of reaction leads on to 
another at a more human level. The 
pressing problems of natural theology 
seem to some psychologists to He, not 
in the origin of species including our- 
selves, but in the problems which a 
human being may face in achieving a 
stable and satisfactory way of organis- 
ing his mind, in the existence of altern- 
ative ways of doing so, in the need 
to change from one way to another as 
circumstances change, and in the diffi- 
culties in doing so once some mode 
of reaction has been established in 
an earlier situation. In the older, and 
doubtless outworn, language, these are 
the problems of the consciousness of 
sin and the experience of redemption, 
rather than those of the creation of 
the world, and perhaps they might be 
regarded as outside the field of the 
Gifford Lectures. They can, however, 
be the subject of rational discussion, 
quite apart from the particular solu- 
tions offered to them, and some of 
us would like to read a similar volume 
on that line even more than this one. 

DONALD E. BROADBENT 


Where sediments build up 


Depositional Sedimentary Environ- 
ments, with Reference to Terrigenous 
Clastics. By H. E. Reineck and I. B. 
Singh. Pp. xvi+439. (Springer-Verlag: 
Berlin and New York, 1973.) DM108; 
$44.30. 
In recent years there has been a spate 
of books published in the field of sedi- 
mentary geology. These have included 
general texts on the origin and petro- 
graphy of sedimentary rocks and pro- 
cesses of sedimentation, and many 
dealing with specific sedimentary en- 
vironments. The authors of this volume 
are to be congratulated on compiling 
and analysing all the major modern 
sedimentary environments in which 
terrigenous clastic sediments are de- 
posited. The potential scope of the 
subject is so vast, yet the authors have 
succeeded in summarising it in a most 
readable manner. To this end, most of 
the information can otherwise only be 
seen in journals, so the book should 
Provide both professional geologists 
and students with a commendable re- 
view of depositional environments. 

The first part of the book deals 
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Sloughing palmate gecko from the Nambi desert in south-west Africa. From 
The World of Reptiles and Amphibians by Maurice Burton, (Orbis: London, 
February 1974.) £2.50. 


specifically with primary sedimentary 
structures and textures, commencing 
with a brief summary of the major 
hydrodynamic factors controlling the 
formation of certain types of structure. 
This section is similar in its approach 
to other monographs on the subject. 
One of its assets is that, as well as be- 
ing descriptive, the authors have at- 
tempted to summarise the varied opin- 
ions on the genesis of sedimentary 
structures. It is perhaps unfortunate 
that more attention was not paid to 
the hydrodynamic significance of sedi- 
mentary structures, and that the im- 
portance of chemical and mineralogical 
parameters should have been re- 
stricted to just over two pages. Also, 
this section does get involved at times 
with rather laborious classification 
schemes. 

In the second and most important 
part of the book the emphasis is placed 
on modern environments and includes 
an encyclopaedic treatment of glacial, 
desert, lake, fluvial, delatic, coastal, 
shelf and lagoon, tidal flat and ocean 
basin environments. The authors have, 
where possible, based their discussions 
on studies published within the last 
decade. Consequently, the book pro- 
vides an up to date, and at times 
stimulating, appraisal of the subject. 
Certain topics have been treated to 
greater depths than others, due in part 
to a combination of the particular ex- 
pertise of the authors and a current 
lack of detailed knowledge on some 
modern environments. But, in all 
chapters, the writers have been objec- 
tive in their efforts to present the pro- 
cesses and characteristic structures and 
sequences typifying given sedimento- 
logical regimes. A pleasing feature is 
that, from the choice of examples, it is 
clearly demonstrated that more than 
one facies model is often required for 
a particular environment. Furthermore, 
the importance and application of bie 
logical parameters is stressed through- 
out. 

The book is lavishly illustrated with 


579 diagrams and photographs, mostly 
of high quality, but often rather repeti- 
tive. It is in fact a little irritating at 
times to find, due to their large 
number, that many of the figures are 
out of phase by several pages with the 
text. Editorial standards are high, and 
both printers’ and geological errors are 
at a minimum. The reference list is 
most comprehensive and should prove 
to be invaluable for literature searches. 
BRIAN WAUGH 


Stellar surface 


Cosmic Gas Dynamics. By Evry Schatz- 
man and Ludwig Bierman. Pp. xv+ 
291. (Wiley: Chichester, March 1974.) 
£8.40. 


PROBLEMS of gas dynamics are of im- 
portance in most branches of theoreti- 
cal astrophysics, and a comprehensive 
treatise on cosmic gas dynamics would 
be vast indeed. A glance at this volume 
immediately indicates its specialised 
nature in spite of its general title. 
Roughly two thirds of the book is taken 
up by Schatzman’s article on stellar 
hydrodynamics. The remainder is de- 
voted to a study of the physics and 
dynamics of the solar wind written by 
Biermann. There is no attempt to link 
the two articles and they can be read 
independently of one another. 
Schatzman’s article is concerned 
largely with hydrodynamic and hydro- 
magnetic phenomena occurring in the 
outer layers of main sequence stars. 
Stars of spectral types A to G possess 
extensive outer zones in which the en- 
ergy transport is largely by convection. 
The properties of convection zones are 
not well understood, and their structure 
is generally described by the pheno- 
monological approach of mixing length 
theory. The convective motions act as 
a source ofepressure waves which may 
propagate outwards into the surround- 
ing radiative zone. The study of these 
waves and their effects are of great 
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importance in establishing the proper- 
ties of the stellar corona. A large sec- 
tion of the article deals with these 
problems. Various aspects of stellar sur- 
face activity, such as solar flares, are 
discussed and the article ends with a 
brief discussion of the possible role of 
stellar mass loss in the angular momen- 
tum decrease which must occur as stars 
contract onto the main sequence. Al- 
though well written, the article makes 
few concessions to the reader, and a 
fairly good background of hydrody- 
namics and magnetohydrodynamics is 
necessary to follow the discussion. 

The existence of the solar wind is 
a direct consequence of the types of 
subsurface stellar phenomena referred 
to earlier. Biermann first briefly re- 
views the properties of the solar cor- 
ona, and then describes in more detail 
the gross dynamics of the corona and 
solar wind. A logical progress from 
simple inviscid hydrodynamics to two- 
temperature models is followed. The 
conditions under which the flow may 
be described by macroscopic equations 
are discussed and reference is made 
to solar wind models in which the ion 
properties are approached by way of 
the Vlasov equation. The inter- 
planetary magnetic field and the angu- 
lar momentum of the wind are briefly 
treated, and the article ends with a 
short discussion of the interface of 
the wind and interstellar medium. I was 
rather disappointed to find no account 
of the interaction of the wind with 
planetary bodies and comets. 

Both authors are well known for 
their extensive contributions to the 
work they describe and write with 
considerable authority. I have two 
criticisms. The diagrams have been 
taken directly from the literature with- 
out any attempt to relate their size to 
the amount of information contained 
in them, The caption arrangements are 
very poor. Captions are separate from 
the figures in some cases, two figures 
are captioned merely as “universally 
familiar”, and one caption is in French. 
The second criticism is the very long 
delay between the writing of the arti- 
cles and the publication date. The con- 
tents are based on lectures given by 
the authors in 1968 with slight amend- 
ments made in 1970. This delay has 
been particularly unfortunate for the 
otherwise excellent article by Bier- 
mann. Since the time of writing, satel- 
lite observations have given a great 
deal of information directly bearing 
on the subjects in the article. Consid- 
erable progress has been made theoreti- 
cally and the extensive reviews in the 
Asilomar Conference Proceedings are 
available in print. The publication de- 
lay has not affected the stellar hydro- 
dynamics section as much, but then 
£8.40 is a great deal to pay for 176 
pages of lecture notes. J. E. Dyson 
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Vannevar Bush 


Dr Vannevar Bush died on June 28 at 
his home in Belmont, Massachusetts. 
He was 84. He had been Professor, 
Vice-President and Dean of Engineer- 
ing at the Massachusetts Institute of 
Technology in the 1920s and 1930s, and 
President of the Carnegie Institution in 
Washington, DC, from 1939 to 1955. 
While there, he served as science 
adviser to President Roosevelt. He was 
Chairman of the Corporation of MIT 
from 1957 to 1959 and Honorary 
Chairman from 1959 to 1966. 

Bush received BSc and MSc degrees 
from Tufts College in 1913. With 
money for only one year’s study, he 
entered MIT and earned a doctorate in 
electrical engineering in that single year. 
In 1916, the DEng was awarded to him 
jointly by MIT and Harvard. 

After the entry of the United States 
into the First World War he did anti- 
submarine research, developing a mag- 
netic device for detecting submarines. 
In 1919 he returned to MIT as asso- 
ciate professor of power transmission. 

In studies of power lines, he found 
that traditional mathematical methods 
were inadequate for the analysis of 
increasingly complex systems. In 1925 
he set several graduate students to work 
designing an analogue machine called 
the Product Integraph to grapple with 
such problems. It was the first in a 
series of machines which were pre- 
cursors to modern computers. 

His Differential Analyser was com- 
pleted in 1931 and was so successful 
that it served as a prototype for 
machines built elsewhere in Europe and 
the United States. This led to the con- 
struction of a 100-ton giant known as 
the Rockefeller Differential Analyser, 
which had 2,000 tubes, 200 miles of wire 
and 150 motors. 

In 1939 he began meeting with a 
small group to discuss what might be 
done to prepare for a massive techno- 
logical programme which was thought 
to be essential if the United States 
entered the war. They concluded that 
the nation was “. pathetically un- 
prepared from the standpoint of new 
weapons”. 

In early 1940, Dr Bush went to 
President Roosevelt with the group's 
plan for the establishment of the 
National Defense Research Committee. 
The President approved, and appointed 
Dr Bush as its chairman. Compton 
took charge of radar research, Conant 
chemistry and explosives, Jewett com- 





Dr Bush with the 
(Courtesy: MIT). 


differential analyser 





munications and Tolman armour and 
ordnance. Research activity became so 


extensive that by 1941 the Office of 
Scientific Research and Development 
was established, with Dr Bush as 
director. 


In 1941, after preliminary studies in- 
dicated the feasibility of developing an 
atomic bomb, Dr Bush secured the 
Presidents approval to proceed and 
gave Dr Conant the responsibility for 
the programme. When the project was 
ready for large-scale construction, it 
was turned over to the Corps of Engin- 
eers, which established the Manhattan 
Engineering District to carry the enter- 
prise to completion. A Military Policy 
Committee, to function as a kind of 
board of directors, was formed, with 
Bush as chairman and Conant as his 
deputy. Following the death of Presi- 
dent Roosevelt, it was Dr Bush who 
gave the first detailed information 
about the bomb to President Truman. 
Bush, Conant and Compton were mem- 
bers of the Interim Committee which, 
after careful deliberation, recom- 
mended to the President that the bomb 
be used. 

Of that recommendation, Dr Bush 
wrote in Pieces of the Action: “I knew 
that Japan would succumb within a 
matter of months even if the bomb were 
not used. But I also knew that an in- 
vasion of Japan was already being 
mounted, that it involved several hund- 
red thousands of estimated casualties, 
and that once rolling, it could not be 
stopped in its tracks. I also felt that use 
of the bomb, far lesse terrible in my 
mind than the fire raids on Tokyo, if 
it brought æ quick end to the war, 
would save more Japanese lives than it 
snuffed out. ° 

“But there was another aspect of this 
heavy sulgect. By that time I knew that 
civilisation faced an wmttrly new era, 
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and,! felt that it might as well face it 
squarely. I Knew that nerve gases, 
delivered in a dozen different ways, 
could be as terrible as an A-bomb. And 
I had no illusions about the potential 
power of biological warfare. When 
science became really applied to war- 
fare, which.occurred only during the 
Second World War, it presented hum- 
anity with two alternatives. Either it 
could refrain, formally or informally, 
from use of weapons of mass deestruc- 
tion—no only the bomb but also gases 
and bacteria and viruses—or it could 
thrust itself back into the dark ages. 
Over twenty years have passed, and the 
world has understood and has thus far 
refrained. If for no other reason | 
would justify the use of the bomb at 
Hiroshima and Nagasaki because it was 
the only way in which the dilemma 
could be presented with adequate 
impact on world consciousness.” 

At the same time he was responding 
to Roosevelt’s request for a comprehen- 
sive report on postwar scientific research 
policy. Published in 1945 under the 
title Science the Endless Frontier, it con- 
tained the recommendations of com- 
mittees (which Dr Bush had organised) 
to make studies, with respect to health, 
education, unemployment and other 
areas in which science would play a 
part. Dr Bush wrote: without 
scientific progress no amount of achie- 
vement in other directions can insure 
our health, prosperity and security as a 
nation in the modern world . . . Basic 
scientific research is scientific capital. 
Moreover, we cannot any longer 
depend upon Europe as a major source 
of this scientific capital.” 

The report was a stimulus for growth 
in science and technology with an im- 
pact on virtually every aspect of 
American life. The National Science 
Foundation was established as a major 
source of Federal support for research. 
The Office of Naval Research was 
formed to move far beyond the limits 
of traditional military research. When 
the Department of Defense was organ- 
ised Dr Bush became chairman of its 
Research and Development Board. 

A justifying typewriter was one 
among a number of Dr Bush’s inven- 
tions. While still at MIT he invented 
a high speed library research machine 
called the rapid selector which was 
taken over by the Navy for crypto- 
analysis. He obtained his first patent 
in 1912 while he was still in college, 
for a machine mounted on two bicycle 
wheels which could be used in surveying 
land. He was granted dozens of patents 
and built many unpatented devices, 
ranging from a birdfeeder which dis- 
criminated against pigeons and bluejays 
to hydrofoil boats. 

Endless Horizons and Modern Arms 
and Free Men were two of Dr Bush’s 
popular books. 





= Nature Vol. 250 August 30 1974 


: * et e 
Classified Advertisements 
CONDITIONS., All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions: of the Trade 
Descriptions Act 1968 and the Race Relations Act 





1968. The Publisher also reserves the right to . 


refuse, amend, withdraw or otherwise deal with 
all advertisements submitted-to him at his absolute 


discretion and without explanation. All advertise- - 
ments must comply with the British Code of . | 


Advertising Practice. 


The Publishers will not be liable for any loss 


occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do. they 


accept liability for printers’ errors, although ~ 


every care is taken to avoid mistakes. 


Semi-displayed £3.60 per 10 mme Minimum £7.20, © 


each additional 2 mm 72p. Full. page £230.00. Half - 


page. across £125.00.. 30p is charged for the re- 
direction of replies to advertisements with a box 
number. An Bae a T l 
ADVERTISEMENTS SHOULD.. BE ADDRESSEO 
TO: T, G, Scott and Son; Limited, E Clement's Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. . 
Telegrams: Textualist, London, W.C.2. : 












_APPOINTMENTS VACANT 


-SENIOR 
~ BIOCHEMIST 
A leading British. pharmaceutical re- 
search organisation: has a vacancy 
for a Senior Biochemist with a few 
years post-Doctoral. experience to 
jnitiate and direct research projects 
in the areas of pharmacokinetics, 
drug metabolism, molecular pharma- 
cology and enzymology in association 
with the design and development of 
| new medicines. Persons with appro- 
| priate experience are invited to apply 
| in writing for an Application Form 
from The Secretary, Biorex Labora- 
tories Limited, Biorex House, Canon- 
bury Villas, London N1 2HB. 

















(934) 





DEPARTMENT OF CYTOGENETICS 


The Charles Hayward Research Building 


-QUEEN ELIZABETH HOSPITAL 
FOR CHILDREN 
HACKNEY ROAD, LONDON E2 8PS 
TECHNICIANS 
a 


JUNIOR TECHNICIAN 


required in the above department of this teaching 
hospital for routine diag and research labora- 
identification of 
yt jes, Specific experi- 
ence not essential as training will be. given. The 
junior technician will also be trained in. histo- 
pathology. Minimum qualifications; A.E-M.L.T., 
HLN.C. or Degree with State Registration (for 
Technician post} and four ‘O”’ Levels (for Junior 





tory work concerned Wi ae 
human chromosome abnormalities. 


post). l 


New Graduates qualify for State Registration 
after one year's service. Salary scales: Technician 
£1,986 to £2,961 and Junior Technician £1,071 to 
£1,863 p.a. (inclusive of London Weighting Allow- 
ances). Both subject to threshold agreements. 
Apply, by letter, to the Senior Cytogeneticist giving 
personal details, qualifications, experience and 


names of two referees. 


RESEARCH ASSISTANT 
(GRADUATE OR TECHNICIAN) 


to work on Endocrine and ‘Reproductive problems 
_in Laboratory mammals. Experience in small animal 
: operative techniques an advantage. Basic salary 
£1,557 to £2,451 pa. Application with full. details 
to Professor R. V. Brooks, St. Thomas's Hospital 


- Medical School, London SE! 7EH. , (936) 
e 





If your immediate and indefinitely distant genetic 


survival matters to you please write to Box 
938 Nature. 7 












BIOCHEMIST or 








Pharmacia Fine Chemicals AB, manufacturers of 


SephadexR and other products for biochemical 


separations, require a biochemist or cell biologist 
to work at our headquarters in Uppsala, sweden. 


The successful applicant will join our Scientific 


information and Technical Services group. The activities 


of the group include 


* the preparation of all kinds of scientific 


information material 


* applications work and laboratory testing 


of new products 
* ‘lecturing 
but applicants should be prepared for extremely 


work and certain amount of travelling, mostly | 
within Europe. 


Applicants should have research experience in 


biochemistry or cell biology. Clear and accurate 


expression in the written word is essential with English 


as the Mother tongue. 


This is an important position and carries an appropriate 


salary. Preferred age 25 to 30. 


Write in confidence to: 


Mr D. Sweetman 

Pharmacia (Great Britain) Ltd 
Paramount House 

75 Uxbridge Road 

London W5 5SS 


Pharmacia 
Fine Chemicals 





(885) g , : 















i The Edito r of 


a 


is looking for a 


PERSONAL ASSISTANT 


This will be a very varied job involving many standard 
office duties such as shorthand and typing but also offering 
opportunities for someone with a good science back- 
ground who will want to become closely associated with 
the business of trying to keep the journal stimulating 
and topical. 











Write to Dr D. Davies, Nature, 
4, Little Essex Street, 
London WC2R 3LF. 








UPERVISOR 


Vaccine Quality Control 


We have a vacancy in our Vaccine Quality Control Department 
for a Supervisor for our Virus Assay and Tissue Culture 
Laboratories. 


The work involves responsibility for the adequate supply of a 
variety of tissue cultures for vaccine testing, the assay and sero- 
logical work associated with polio vaccine manufacture, the 
preparation of all potency data for submission in protocols to 


weekly paid staff. 


Candidates should have a degree in Microbiology or related sub- 
ject(s) or an equivalent qualification. Several years’ working ex- 
perience in laboratories incorporating basic virological and tissue 
culture techniques is essential, 


Our plant and laboratories are situated in a pleasant location on 
the Kent coast and we offer the range of fringe benefits to be 
expected of an expanding international organisation, Considerable 
assistance towards the cost of moving home can be provided 
where necessary. 


Applicants are asked to write, giving brief relevant 
details, to: 


j. E. T. Haile, e 
Personnel Department e 
Pfizer Limited w 


Sandwich, Kent. 
(9279 




















regulatory authorities and the day-to-day supervision of nine 











chemist for 
its Polymer Supply and -Characterisation 
Centre, Duties are envisaged ‘as providing 
technical supervision for a comprehensive 
GPC unit which utilises three GPC instru- 
ments and some research activity into the 
GPC method: 


RAPRA requires a ‘Polymer Che 


The situation would be especially suitable 
for a Post-Doctoral researcher who has an 
interest in developing GPC expertise. 


A Company house may be available, 


Apply in writing, please, to: The Personnel 
Officer, Rubber and Plastics Research Associa- 
tion of Great Britain, Shawbury, Shrewsbury 
SY4 4NR. (937) 





MEDICAL RESEARCH COUNCIL 
LABORATORY OF MOLECULAR BIOLOGY 


POSTDOCTORAL ORGANIC: CHEMIST or 
BIOCHEMIST required to join a group working on 
the partial. synthesis and folding properties of 
proteins, Three-year appointment, salary according 
to age and experience. Applications. including 
curriculum vitae and the names of two referees 
to Dr R. C. Sheppard, M.R.C. Laboratory of 


Molecular Biology, Hills Road, aS 


2QH, as soon as possible. 





SUNDERLAND POLYTECHNIC 
LECTURER I IN ECOLOGY 
Applications are invited for appointment to the 
above post from October 1974 or January 1975. 
Appheants should have a good honours degree 
and preferably a higher degree with special interest 
in eco-physiology, The successful candidate will 
be required to undertake teaching of anima! 
physiology and to assist in the teaching of Ecology. 
Salary in accordance with Burnham Technical 

Scale, viz.i-—- 
Lecturer L £1,800 to £3,044. 

An application form and further particulars may 
be obtained from the Personnel Officer, Sunderland 
Polytechnic, Chester Road, Sunderland SRI 38D. 
Tyne and Wear. l {939} 


r 





UNIVERSITY COLLEGE OF 
NORTH WALES. BANGOR 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of RE- 
SEARCH ASSISTANT (salary range £1,515 to 
£1,683 per annum, plus threshold payment, plus 
FSS.U.) to work with Dr B. K. Follett on the 
general problem of the photoperiodic control of 
seasonal breeding cycles in birds. The post is sup- 
ported by the Agricultural Research Council and 
is available from October I, 1974 for up ta five 
vears. Ht is likely that the person appointed will 
have a degree in a biological discipline, 

Applications (2 copies) stating age, qualifications 
cte.. together with the names and addresses of two 
referees should be submitted by September 24. 1974. 
to the Secretary and Registrar, University College 
OF North Wales, Bangor LL37 2DG, from whom 
further particulars may be obtained. (9003 


WEST BERKSHIRE HEALTH 
DISTRICT 
MEDICAL PHYSICS 
TECHNICIAN 
for the modern Istotope Laboratory at the 
Royal Berkshire Hospital,, Reading, for 
interesting work in the chemistry and 
physics of medical isotope techniques, Post 
will be on Grade V or Grade IV (£1,308 to 
£1,667 or £1,530 to £1,953}. Day release for 
further training possible. (Normally ONL. 
or 2 *A’ levels required.) a “athe 

Reading is a pleasant University town... 

offering easy access to London, Oxford; . 
è Windsor, Henley and attractive surrounding 
countryside. 

Written applications with relevant details 
and naming 2 referees to Hospital 
Secretary, Royal Berkshire Hospital, 
London Road, Reading. (862) 
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ENVIRONMENTAL 
CARCINOGENESIS 


RESEARCH ASSISTANT 


We need a new member to work in a small 
group on enzyme induction, its mechanism, and 
role in cell injury. The main project would be 
using tissue culture. The suitable person would 
probably be a biochemistry graduate. Fnitial appoint- 
ment up to three years. May be able to register 
for a Ph.D. Starting salary in the range £1,500 to 
£2,000 p.a. (Whitley Council seale). Enquiries giving 
qualifications and any experience to Dr A. McLean, 
University College Hospital Medical School, Um 
versity Street, London WCIE 64]. 901) 








UNIVERSITY OF BRISTOL 


APPOINTMENT OF A LECTURER 
IN ANIMAL REPRODUCTION 


Applications are invited for the post of Lecturer 
in Animal Reproduction within the Department of 
Animal Husbandry. It is desirable for applicants 
to have developed teaching skills and recognised 
research achievements in this field, 

The salary will be in the range £2,118 to £4,896 
per annum; the starting point will be according to 
age and experience. 

Applications (two copies, please, quoting refer- 
ence HiG.T,} should be sent to the Secretary, 
University of Bristol, Senate House, Bristol BS8 
ITH, from whom further particulars of the pos 
may be obtained. The closing date for the receipt 
of applications is Friday, September 20, 1974. 

(907) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ELECTRICAL 
ENGINEERING 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the post of 
Research Assistant in the Department of 
Electrical Engineering. The successful Candi- 
date would join a well-established research 
group and study dynamic switching processes 
in amorphous semiconductors under the super- 
vision of Dr J. M. Robertson and Dr A. E. 


Owen. 
The work is funded by the Science Research 
Council and the post is tenable for 3 years 


from October 1, 1974. Applicants should 
normally have a Ph.D. or equivalent indus- 
trial experience. The salary will be on the 
scale £2,412 to £2,757 with F.S.S.U. and 
threshold payments, 

Applications (3 copies) including names and 
addresses of three referees should be sent as 
soon as possible to Dr J. M. Robertson, 
Electrical Engineering Department, King’s 
Buildings, Edinburgh EH9 3JL, from whom 
further details can be obtained. Please quote 
reference number 5044. (908) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL RESEARCH 

ASSOCIATE 


Applications are invited for an M.R.C. supported 


postdoctoral research associateship for work on 
DNA repair, replication and genetic recombina- 


tion in Escherichia coli, Experience in enzymology 
or bacterial genetics would be an advantage. 

The appointment is initially for two years with 
a starting salary of up to £2,412 per annum plus 
F.S.S.U. Applications including a brief curriculum 
vitae and the names of two referees should be sent 
to Dr i Emmerson. Department of Bio- 
chemistry, The University of Newcastle upon Tyne 
NEL 7RU. (921) 





PORTSMOUTH POLYTECHNIC 
DEPARTMENT OF BIOLOGICAL SCIENCE 
LECTURER 
GRADE I or H 


Applications are invited from suitably qualified 
candidates for a temporary Lectureship in Bio- 
chemistry, for an initial period of one year with 
possibility of extension or permaneney. Preference 
wil be given to candidates with research, teaching 
or industrial experience. i 

Salary Scales: Lecturer Grade T £1,800 to £3,045 
per annum; Lecturer Grade H £2,700 to £3,474 per 
annum, 


a obtained from the Staff Officer, Portsmouth 





tions “sh 
(quoting ref. BIS). 






Veterinary 
Research 


Officer—Omagh 


£2,917 to £4,505 





Applications are invited for a pensionable post in the 
Department of Agriculture’s Veterinary Investigation 
Laboratory at Omagh, Co. Tyrone, which provides a 
diagnostic and advisory service for practising 


veterinary surgeons. 


Applicants must have a veterinary degree, and 
post-graduate experience in a diagnostic laboratory or 
in veterinary practice is essential. 


Duties will involve diagnostic pathology and 
bacteriology but opportunities will be available to 
develop particular lines of investigation. 


Salary Scales: 


Veterinary Research Officer (Il) £2,917 to £3,843 
Veterinary Research Officer (1) £3,746 to £4,505 


Grading and starting salary will be related to _ 
qualifications and experience, and a cost of living 


supplement is payable. 


Please write or telephone for an application form and 
further information, quoting Ref. SB 234/74/N, 

to the Secretary, Civil Service Commission, Clarendon 
House, Adelaide Street, Belfast BT2 8ND (telephone 
0232-44300, ext. 26). Completed forms must be returned 
to arrive not later than September 24, 1974. 









GRADUATE CHEMIST 


An opportunity exists for a chemist to join a 
small multidisciplinary team concerned with novel 
approaches to animal and veterinary infections, The 
work will be concerned with isolative and synthetic 
chemistry relating to naturally occurring macro- 
molecules. 

It is anticipated that the successful applicant for 
this vacancy will have a degree in Chemistry and 
an interest in Biochemistry. He or she will receive 
appropriate training in the handling of macro- 
molescules. 

A good starting salary will be offered and re- 
viewed regularly. eecham Pharmaccuticals—Re- 
search Division is part of Beecham Group, and is 
situated in a pleasant area of Slrrey within easy 
reach of London. e 

The successful applicant will qualify for the 
Group's generous bonus scheme and non-contribu- 
tory pension afd life assurance scheme. 

Please send full details to: The Personne] Officer. 
Beecham Pharmaccuticals—Research Division, 
Brockham Park, Betchworth, Surrey gRH3 7AJ. or 
ring Betchworth e202 extension 55 for an applica- 
tion form. ® (892) 


NORTHERN IRELAND 
CIVIL SERVICE 


(925) 





UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANT 


UNIVERSITY DEPARTMENT OF SURGERY, 
GLASGOW ROYAL INFIRMARY 
RADIOEMMUNOASSAY UNIT 
STOBHILL HOSPITAL. GLASGOW 
Applications are ivnited for the post of RE- 
SEARCH ASSISTANT in an imerdisciplinary group 
investigating the production of foetal antigens by 
human tumours. The post is suitable for a graduate 
in biochemistry or related subject. The successful 
candidate will work initially in the Radiounmuno- 
assay Unit, Stobhill Hospital. The salary will be — 
approximately £1,800 per annum, F.S.S.U. Start- 
ing date by agreement. The appoiniment is tenable 

for one year in the first instance. 

Further information can be obtained from Dr 
J. G. Ratcliffe, Radioimmunoassay Unit, Stobhiil. 
Hospital, Glasgow G21 3UW to whom applicgtions, - 
including curriculum vitae and the names of two. 
referees, should be sent by September 13, 1974. : 

In reply please quote Ref. No. 3536M. (917 


* 




















AUSTRALIA 


DIVISION OF PROTEIN CHEMISTRY 
PARKVILLE, VIC. 


POSTDOCTORAL 
FELLOW 


POSITION NUMBER 462/397 


The Commonwealth Scientific and Industrial Research Organisation has a broad 
charter for research into primary and secondary industry areas. The Organisation 
has approximately 6,500 employees—2,100 of whom are research and professional 
scientists—-located in Divisions and Sections throughout Australia. 


™ PROTEIN CHEMISTRY 


GENERAL: The Division of Protein Chemistry is located at Parkville, Victoria 
and has a research staff of some 60 organic and physical chemists, biochemists and 
biophysicists. Research in the Division deals mainly with the structure and chemistry 
of the wool fibre and its constituent proteins and comparative studies on related 
keratins. It also includes studies on leather manufacture and on muscle proteins, 
seed proteins, enzymes, virus proteins and allergens. There is also a nucleus of work 
on the biology of hair growth using cell and tissue culture techniques. 


DUTIES: To investigate some of the factors controlling hair growth and especially 
the possible existence of an antimitotic factor (chalone). The ultimate aim of the 
work is to facilitate controlled biological (chemical) defleecing of sheep. 


QUALIFICATIONS: A Ph.D. in the appropriate field together with demon- 
strable research ability. Applicants with some experience in histological techniques 


ee" O POSTDOCTORAL 
FELLOW 


POSITION NUMBER 462/396 


™ BIOCHEMISTRY 


GENERAL: The Division of Protein Chemistry is located in Parkville, close to 
Melbourne University, and has a research staff of about sixty scientists. A wide 
range of physical techniques is available in the Division including an analytical untra- 
centrifuge, u.v., Lr. and fluorescence spectroscopy; e.s.r., n.m.r. and mass spectro- 
metry. Facilities are also available for the large scale preparation of proteins, for 
amino acid analysis and sequencing and for gas and other forms of chromatography. 


BACKGROUND: During the biosynthesis of keratin fibres such as wool and hair 
the cell membranes undergo a transformation in the latter stages of development 
which involves profound structural changes. The transformed membranes exert 
an important influence on the surface properties of the fibre and also form a barrier 
to the penetration of various reagents. 


DUTIES: To study the nature of the lipid component of the membranes and to 
investigate the form of the binding between the lipid and protein components. This 
information could be of great importance in binding macromolecules and other 
reagents at the fibre surface. 


QUALIFICATIONS: A Ph.D. degree, or equivalent qualification, in an appro- 
priate discipline together with a demonstrated ability for original research. 
Experience in the fields of physical organic chemistry or biochemistry would be 
advantageous. 


SALARY: Appointment will be made within the salary ranges of Research Scientist 
or Senior Research Scientist: $49,698 to $A14,706 p.a. 


TENURE: These positions are available for a fixed term of three years. 


i APPLICATIONS: Applications stating full personal and professional details, the 
names of at least two professional referees, and quoting the appropriate Reference 


3 -Number should reach:— 
The Personnel Officer, 


Australian Scientific Liaison Office, ° 
64-78, Kingsway, i 
LONDON WC2B 6BD 

by the 27th September, 1974. ” 


ations in U.S.A. and Canada should be sent to 
ounsellor (Scientific), 








= Em sy of Australia, 160! Massachusetts Avenue, N.W., 


©. WASHINGTON, D.C. 20036, U.S.A. : (897) 










" HARP LAGER BREWERY 
(SOUTHERN) LTD 


CHEMIST/BIOCHEMIST 


Harp Lager has a vacancy for a young 
Chemist or Blochemist, preferably between 22 
and 27 years of age, to work in the Produc- 
tion Control Laboratory of their Brewery at 
Alton, The commencing salary will be in the 
range of £2,250 to £2,600 a year, in addition 
there is currently a threshold payment. 






















The work entails responsibility for both 
non-routine analyses, for which a knowledge 
of GLC. and other instrumental techniques 
will be necessary, and the supervision of 
routine Quality Control analyses. Experience 
in analytical development and/or relevant 
industrial experience would be an advantage. 


Applicants, male or female, should have 
good graduate or other recognised equivalent 
qualifications in Chemistry or Biochemistry. 

Applications, which will be treated in 
strict confidence, should include details of 
qualifications, experience, age and other 
relevant particulars and be addressed to: 


The Administrative Manager, 

Harp Lager Brewery (Southern) Lid., 
Manor Park, 

Alton, 

Hants. GU34 2PS. (912) 





BIOLOGIST WANTED 


A Programme Director is wanted to be in charge 
of the North American Salmon Research Centre at 
St Andrews, New Brunswick, Canada, and, in 
particular, of a study of the genetics and selective 
breeding of Atlantic Salmon. Under a three-way 
contract the International Atlantic Salmon Founda- 
tion is financing the construction of a hatchery 
and rearing station in which initial multiple crosses 
of Atlantic salmon stocks are being made in the 
auturmn of 1974, The administration of the pro- 
gramme is by the Huntsman Marine Laboratory, its 
operational costs by the Canadian Government 
Fisheries and Marine Service. The scientific planning 
to date was by an eminent geneticist. Courses in 
aquaculture technology are planned in association 
with the salmon genetics programme; provision is 
Manned for ancillary research by scientists from 
universities or other agencies, 


This unique and developing programme is ex- 
pected to contribute to the improvement of North 
American Atlantic salmon stocks. To direct it a 
biologist is wanted with broad interests and ex- 
perience, especially in genetics, nutrition, disease 
or other fields related to its objectives. Education 
should be at a doctoral level. Salary is negotiable 
in the range $18,000 to $24.000. Availability should 
be mot later than May 31, 1975. 


Applications, with curriculum vitae, should be 
sent to Dr A, W. H. WNeedler, The Huntsman 
Marine Laboratory, St Andrews, New Brunswick, 
Canada. and will be accepted to October 1, or until 
the position ts filled. (919) 


WESTFIELD COLLEGE 
(University of London) 


Two year Postdoctoral Appointment (Lectureship 
Scale) to study the fate of P.c.B. pollutants in 
shallow marine ecosystems. Experience with G.L C., 
suspension feeding in bivalves or meiofauna/ 
sediment relationships pertinent but not essential, 
Apply at once with the names of two referees to 
Dr W. A. M. Courtney, Department of Zoology N. 
Westheld College (London University), Kidderpore 
Avenue, Hampstead NW3 7ST. (896) 





UNIVERSITY OF GLASGOW 
POSTDOCTORAL RESEARCH 
APPOINTMENT 


Applications are invited from Organic Chemists 
for a Postdoctoral appointment to carry out re- 
search on the chemistry of substances produced by 
infection of potato tissue with fungal pathogens. 
The appointment is for three years from October 
1, 1974, at an initial salary of £2,247 rising to 
§ 412 and £2,580 per annum. F.S.S.U. 

Further details may be obtained from Dr N, J. 
McCorkindale, Department of Chemistry or Dr 
D. D. Clarke, Department of Botany, the University 
of Glasgow, Glasgow G12 80Q. 

In reply please quote Ref. No. 3534M. {994} 


“SER 
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UNIVERSITY OF LONDON 
INSTITUTE OF NEUROLOGY ° 
(QUEEN SQUARE) 
TECHNICIAN 


r required to do quantitative polyacrylamide electro- 


phoresis of sping! fluid proteins. Initial appointment 
for one year. Write giving details of previous ex- 
perience and names of two referees to The Secre- 
tary, Institute of Neurology N, Queen Square, 
London WC! 3BG. Salary on University Seale 
£1,557 plus £228 London Weighting. (895) 


THE MACAULAY INSTITUTE 
FOR SOIL RESEARCH 
DEPARTMENT OF SPECTROCHEMISTRY 


Applications are invited for a physical or in- 
organic chemist to undertake investigations mto the 
trace element status of soils, plants and other 
biological materials by spark-source mass spectro- 
metry. The work will involve the development of 
analytical and diagnostic techniques. 

Candidates should possess a First or Upper 
Second Class Honours Degree in Chemistry, or a 
Higher Degree, and have an aptitude for experi- 
mental research. 

The appointment will be in the Scientific Officer 
(£1,931 to £2,675 per annum) or Higher Scientific 
Officer (£2,461 to £3,371 per annum) grade, accord- 
ing to. qualifications and experience, at least two 
years relevant post-qualifying experience being re- 
quired for appointment as H.S.O. Superannuation 


under F,S.S.U., with a non-pensionable allowance 
~ to offset personal contributions. 


Forms of application and further particulars may 
be obtained from The Secretary, The Macaulay 
Institute for Soil Research, Craigiebuckler, Aber- 
deen ABS 203, to whom they should be returned 
before September 13, 1974. (Quote Ref. IA 

YU) 


 aeemrrareen 


NATIONAL ORGAN MATCHING 
AND DISTRIBUTION SERVICE 


A vacancy exists for a computer scientist in the 
National Organ Matching Service at the Regional 
Transfusion Centre, Southmead, Bristol BS10 SND. 

The Service makes use of computers in several 
facets of its work and the appointee will be 
expected to play a major role in the rationalisation 
and ‘development of this work. Candidates should 
therefore have a strong interest in development of 
information storage and retrieval systems for special- 
ised medical data as well as for scientific analysis. 
The appointment will be initially for a two year 
period and will then be subject to review. 

Salary scale, Junior Scientific Officer, commencing 
at £1,497 rising to a maximum of £2,694. 

Application forms and further details of the post 
may be obtained from the Administrative Officer 








at the above address. (915) 
ENTOMOLOGIST 

Applicatioins are invited for the post of Editorial 

Assistant an Entomology Abstracts. Candidates 


should have a degree in zoology, with specialisation 
in entomology, or qualification in entomology. 
Working knowledge of French or other European 
language an advantage. Starting salary £1,721 p.a. 
Applications to: Dr E. S. Krudy, Information 
Retrieval Limited, I Falconberg Court, London 
WIV. SFG. 

Applications are invited for the post of Assistant 
Editor and Editorial Assistant. On Entomology 
Abstracts, candidates should have a degree in 
Zoology. with specialisation jin Entomology, or 
qualification in Entomology. 

Work knowledge of French or other European 
language an advantage. 

Starting salary £1,912 p.a. and £1,721 pa. re- 


spectively. Applications to Dr E. S$. Krudy, fn- 
formation Retrieval Ltd, 1 Saleonburg Court, 
London WIV S8G. (916) 





UNIVERSITY OF BATH 
Applications are invited for the post of 


PROFESSOR OF PHYSICS 
aie Poe vacant due to retirement on September 
Further particulars may be obtained from 
Personne! Officer, The University, Bath BA2 TAY, 
quoting reference 74/156. Closing date: October 4, 
1974. (918) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
Research Associate /Senior Research Associate or 
Research Fellow is required for an investigation 
of the mechanism of stimulation of lipid- 
metabolising enzymes in synaptic membranes of the 


_ central nervous system. The post will be supporjgd 
by a grant from the Medical Research Council 
for cthree years, Enquiries and applications to Dr 
iC. E. Rowe, Biochemistry Department, University 


of Birmingham, P.O. Box 363, Birmingham BIS 
ITT. (931) 


Imperial College 


Division of Life Sciences 





Electron Microscopy Unit 


Vacancy for suitably qualified person to take charge of a new 
Electron Microscopy unit which will provide a service to staff 
and students of the division of life sciences. 


Duties include sole responsibility for the running and maintenance 
of the Electron Microscopes in the unit including transmission and 
scanning, development of additional equipment and techniques and 


advice and assistance to users of the microscopes. 


Salary in the range £3,045—£3,429 plus threshold Superannuation, 
four weeks leave plus additional days at Christmas and Easter: 


excellent staff amenities. 


Further details from, and applications to: Mr R. Adams, c/o 
Imperial College. 


Botany Department, 
September 30, 1974. 





lala Wageningen 


LANDBOUWHOGESCHOOL WAGENINGEN 
THE NETHERLANDS 
Applications are invited for the vacant chair in 
PHYSICAL BIOLOGY 
Preference will be given to a biologist, more specifically 
to a botanist with outstanding research experience in 
either photobiology or physiology of membrane functions, 


or both. 


The appointee will be responsible for the programs in 
teaching and research of the Department of Physical 
Biology (formerly known as the Laboratory of Plant 


Physiological Research). 


He will supervise the existing research programs of the 
department and stimulate new applications of physical 
methodology to the study of the biology of plants, animals 


and microorganisms. 


He will be expected to contribute proportionally to the 
teaching obligations of the Landbouwhogeschool, together 


SW7 2AY by 
(904) 


London 





with the staff of the Department. 

Applicants and those who want to make suggestions as to 
qualified persons, are invited to address to the Cabinet of 
the Faculty of the Agricultural Sciences, Salverdaplein 11, 
Wageningen, the Netherlands, within 4 weeks after the 
insert of this advertisement, supplying detailed information 
and mentioning the number 74-87 on the envelope. 


909) 


ee nna) 
eNO TR RD 


ST BARTHOLOMEW’S HOSPITAL 
WEST SMITHFIELD, LONDON ECIA 7BE 


RESEARCH ASSISTANT 


Graduate or qualified technician required to join 
a small research team on the Surgical Professorial 
Unit investigating ®the immunosuppressive effect of 
cancer. Present studies are directed towards the 
effect of gastrointestinal cance on human iym- 
phocyte function. Biochemicale or immunological 
background preferred. Opportunity may arise for 
successful candidate to study for further degree. 

Commencing salary (according to qualifications) 
between approx. £1,750 pa. and £2,500 p.a. 

Applications plus curriculum vitae and two names 
or reference to Personne] Depawment (quoting 
R/4687/N by Sepgember 16, 1974. (928) 


UNIVERSITY OF LEEDS 
RESEARCH TECHNICIAN (Grade 3) 


A Research Technician is required to assist €x- 
perimental studies of the effect of Radiation and. 
Chemotherapeutic agents on mammalian cells. - 
Salary scale: £1,650 to £1,920 plus threshold pays 
ments, Applicants should have experience of tissue 
culture techniques and an interest in work with. 
experimental animals. Applications stating a 
qualifications. experience and present salary toget 
with the names of two referees, should be sent. 
Professor C. A. Joslin, the University Departm 
of Radiotherapy. Cookridge Hospital, Leeds L 
60B., from whom further details may be obtain 

(949 



















a PhD, 













but is not essential, 


Tel: 794 0431 Ext: 2. 


UNIVERSITY OF RHODESIA 
CHAIR AND HEADSHIP OF THE 
DEPARTMENT OF GEOGRAPHY 


This post will be vacant from March 1, 1975 and 
a ‘applications for it are invited. . 
LORES Salary Seale (Approx. Stg. equivs.: £7,557 by 
ce S28) to £8,962. 
oo Family passages and allowance for transport of 
ha 





$. on. appointment. Installation loan of up to 
fone year’s salary if required. Unfurnished 
accommodation guaranteed for a period 
st three years for persons recruited from 
hodesia. Sabbatical and biennial visits 
‘allowance, Superannuation and medical 















+ 


Several vacancies exist with the Department of Minera! Resources 
in Saskatchewan for Geologists Il and | Geophysicist. Qualifica- 
tions required range from a good Honours Degree in Geology to 


Salary Range from Oct Ist, 1974:— 


GEOLOGIST H with Ph.D. 
$15,000 to $19,128 
GEOLOGIST Il and GEOPHYSICIST Il 
$14,292 to $18,216 
GEOLOGIST i 
$12,492 to $15,924 


Closing date for applications October 1 1974, 

Application Forms may be obtained from The Public Service 
Commission, 1820 ‘Albert Street, Regina, Saskatchewan S4P 258 
and, details of positions, etc., from D. R. Francis, 2708 12th 
Avenue, Regina, Saskatchewan, $45 OBI, Canada. 


THE ROYAL FREE HOSPITAL 
HAMPSTEAD 


E.E.G. TECHNICIAN 
(Part-Time) 


Half-time EEG. Technician or Neuriphysiological Technician with EEG. 
experience to work in the Department of Psychologicol Medicine. 
Experience of telemetry or computer based techniques would be an advantage, 


The appointment will be at the New Royal Free Hospital, Hampstead, follow- 
ing a short initial period at the existing Liverpool Road Branch. 

Further information from the Department of Psychological Medicine. Tel: 
226 3043 Ext: 147. Application forms {to be returned by September 11) 
from the Personnel Department, 21 Pond Street, Hampstead NW3 2PN. 












(893) 


















(923) 





OXFORDSHIRE AREA HEALTH 
AUTHORITY (TEACHING) 
ASSISTANT IN 
IMMUNOPATHOLOGY 


Applications are invited from Science Graduates 


for the post of assistant in Immunopathology. 
Although it is not essential that applicants should 
have had previous experience in this field, they 
should be familiar with general biological laboratory 
technique. This post offers good opportunities for 
training in a full range of immunological techniques 
and participation in research investigations. 

It is hoped that the successful applicant will 
take up the post in September. 

The salary scale will be thet for Biochemists. 
Physicists and Scientific Officers in the National 
Health Service Probationary Period £1,497 to 
£2,259. Post probajionary period £1,953 to £2,674). 
The starting point will depend on qualifications 
and experience, 

Applications with details of trainigg and experi- 
ence should be submitted to Dr M. M. Pickles, 
Immunopathology Unit, Gibson Laboratories, Rad- 
cliffe Infirmary, Oxford from whom further par- 
ticulars can b® obtained. 


Closing date September 6. @ ® (947) 












Department .of 
Biochemistry 










An experienced technician is 
required to work in the field of 
Nucleic Acid research. The work will 
involve Purification of Proteins and 
Nucleic Acids. Radioactive Tech- 
niques, high voltage Electrophoresis. 
Gel Electrophoresis and some Micro- 
analytical techniques. The successful 
candidate should have experience in 
some of these fields. 






























The appointment is supported by 
an M.R.C. grant and is tenable for 
3 years, commencing on October 1, 
1974, 






Salary in the range £2,007 to 
£2,157 plus £228 per annum London 
Weighting and threshold payments. 
Applications to Departmental Super- 
intendent, Department of Biochem- 
istry, Imperial College, London SW7 
2AY. (905) 










AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE 
SCIENTIFIC OFFICER 


Applications are invited for a post as SCIEN- 
TIFIC OFFICER in the Chemistry Division to 
assist with research in a small group concerned 
with the chemistry of sulphur compounds in rela- 
tion to food. Candidates should possess a degree, 
H Sa OF equivalent professional qualification in 
chemistry with an interest, and preferably experi- 
ence inm, the synthesis of organic compounds. 

Salary: In the scale £1,592 to £2,675, with start- 
ing salary depending upon qualifications and experi- 
ence. The post is pensionable under a non- 
contributary superannuation scheme. 

Application forms and further particulars from 
the Secretary, Food Research Institute, Colney 


Lane, Norwich NOR 70F, quoting Vacancy No: 
74/42. (930) 


Imperial College 


DEPARTMENTS OF 
BIOCHEMISTRY 
CHEMICAL 
ENGINEERING 


Applications are invited from 
graduate Microbiologists or Chemical 
Engineers for the post of research 
officer for studies concerning 
Aeration + Agitation Phenomena in 
Convential Stirred Fermenters in the 
presence of Viscous Non-Newtonian 
Culture Fluids. The Department 
possesses a comprehensive semi- 
industrial scale fermentation pilot 
plant with unique facilities for this 
type of work. The project is part of 
a collaborative research programme 
between the departments of Bio- 
chemistry and Chemical Engineering 
for a 3 year period, 


in the 


Salary 
£3,498 plus threshold payments, with 
F.S.S.U, Applications to be sent to 


range £1,485 to 


è Departmental Superintendent, Bio- 
chemistry Department, Imperial Col- 
lege, London SW7 2AY. (903) 
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Imperial College 


Department of 
Biochemistry 


M.R.C. sponsored postdoctoral 
research assistant required to work 
on the structure and recognition of 
messenger RNAS. Experience in TB 
feid of Nucleic Acid research and/or 
Prote Synthesis is desirable but not 
essential. The appointment is ten- 
able for 3 years, commencing on 
October 1, 1974. 


Salary range £2,331 to £2,625, 
with F.S.S.U. applications including 
curriculum vitae and the name of two 
referees should be sent to Dr M. 
Szekely, Department of Biochemistry, 

"Imperial College, London SW7 2AY. 


(906) 











AGRICULTURAL RESEARCH 
COUNCIL 


SCIENTIFIC OFFICER /HIGHER 
SCIENTIFIC OFFICER 
to join multidisciplinary research team 
studying mew arcas in the physiology and bio- 
chemistry of growth and development of meat 
producing animals. An imterest in the metabolism 
of hormones and drugs would be an advantage. 

Minimum qualifications: Pass degree, H.N.C. or 
equivalent (preferably physiology. chemistry, or 
related Subjects). a 

SALARY: Scientific Officer scale £1,592 to £2.675, 
Higher Scientific Officer scale £2,461) to £3,371 
depending on qualifications and experience, a mini- 
mum of 3 years post qualifying experience being 
required for appointment in the HS.O. grade. 
Non-contributory pension scheme, 

Application forms (quote ref. BP.39): Secretary. 
Meat Research Institute, Langford, Bristol BS18 
TIDY. (963A) 


Ge daa E E Sg le 
UNIVERSITY OF MALAYA 
RESEARCH ASSISTANTSHIP FOR 
LD.R.C. PROJECT 
(FOOD FERMENTATION) 


Applications are invited from University gradu- 
ates who are Malaysian citizens for posts in research 
in food and fermentation microbiology and animal! 
putrinon. 

Two scholarships, available for approximately 24 
years, sponsored by the International Development 
Research Centre for research in methods of solid 
subtrate food fermentation and biological evaluation 
of the products as enriched animal feedstuffs. 

One post requires a candidate with an Honours 
degree (minimum Second Upper) or equivalent in 
nutritional biochemistry or animal nutrition with 
a basic background of biochemistry, bacteriology, 
and/or food science, the other post requires a can- 
didate with an Honours degree (minimum Second 
Upper) or equivalent in the field of microbiology 
with a basic knowledge in biochemistry, bacteri- 
ology and/or food science. 

This project is at present in progress. The pro- 
liminary findings are encouraging and should give 
the successful candidate a challenging opportunity 
for original research. This scholarship carries a 
stipend of M3700 per mensem for the first 12 
months followed by M3800 per mensem beyond 
that period. 

The successful candidates will be required to 

enrol far study leading to higher degrees (M.Sc, or 
Ph.D.) at the University of Malaya. 
_ Applications should be made on preseribed forms 
{9 copies) and sent to the Registrar (Recruitment 
Section}, University of Malaya, Kuala Lumpur 
22-11, Malaysia, together with a copy of transcript 
of the academic record of the candidate. Applica- 
tion forms and further information about the 
positions, including conditions of appointment, may 
be abtained from the above address. Closing date 
for applications is Octeber 26, 1974. The University 
does not pay travelling or any other expenses to 
candidates to atttend interviews. Eligible candidates 
-who may be overseas at the time of advertisement 
“tray be exempted. for interview subject to the 
“focation. and- qualification of the applicants. Ref: 
UMAS Pt. XT (237). (953) 


required 


S 


DIVISION 
The 


Standards is an agent of the ernmer 
charged with the responsibility for assisting In 
development of the country by 
support to industry. 

The post of Director of the Science Division is a 
challenging post in the 
Divisi 
Departments of Chemistry, Ph Tech 
nology, Forest Products and Chemical Engineer- 
ing which provide a wid es 
various. sectors of industry. Among the activities 
of the Division are services in air and water- 
minerals and 
chemical 
computing. The types of services range through 
ork, technica! consult- 
ancy and applied research- and development. 
The Director will ensure that the services are 
responsive to the needs of industry. He will 
maximise the effectiveness 
the income earned for them from 
will be responsible in particular for the manage- 
ment of both contract and Institute-sponsored 
applied research and development programmes/ 
projects and his effectiveness in this context will 
be measured against the criterion of commercial 


the industrial | 
providing technological 


The 


the Institute. 


pollution abatement, 
materials technology, 


testing, 


success. 


The successful candidate will be a scientist of 
high academic attainment with proven manage- 
and at least ten years’ experience 
much of which should have been in 
applied research and development. The salary 
is in a range rising to a maximum of £6,600. 


Further particulars concerning the post and | 
application forms are available from: 


ment ability 
in industry, 


THE PERSONNEL MANAGER, | 
INSTITUTE FOR INDUSTRIAL RESEARCH AND 


STANDARDS, 


BALLYMUN ROAD, DUBLIN 9, IRELAND, 


who should receive completed forms not later 
than September 30, 1974. 


DIRECTOR OF SCIENCE 


institute for- Industriai 
$ ¢ f the 


senior management of 
on has 140 staff in 


e range of services to 


field advisory W 








IRELAND 


Research and $ 
irish Government _ 


Physics, Food Tech- 


inorganic 
analysis and 


of all services and 
industry. He 
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ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS. ALS 23Q 
HIGHER SCIENTIFIC OFFICER / 
SENIOR SCIENTIFIC OFFICER 
reguired for a two-year appointment as a 
BIOLOGIST to work in the Nematology Depart- 
ment on nematodes of arable crops. Good honours 
degree in Botany, Zoology or other branch of 
Biology required, At least two years’ postgraduate 
expericnce for appointment as H.S.O., and four 
years as $8.0. Experience in Plant Nematology is 
essential for appointment as S@.O. 
Starting salary according tg qualifications and 
experience: 
H.S.O.: £2.46) to £3,371. 
$5.0... £3,157 to £4,441. 
plus threshold payments, Superannuation with a 
contribution of 14% for family benefits (male staff). 
Applications giving full personal details, naming 
two referees and quoting Referer®e No. 2382 to 
The Seerctary @yg September 21, 1974. (9505 


SENIOR TECHNICIAN 
DRUG METABOLISM 


An experienced Technician is required to work 
in the Drug Metabolism Section of Boots Research 
Department. whose modern well-equipped labora- 
tories are situated in Nottingham. 

The successful candidate will have 
be concerned primarily with in vitro techniques - 
used in the study of drug metabolism. EOE 

Experience in 
and the use © 
pdvantarge. 


The conditions of employment are good. 
ing a profit earning bonus and contributory 
schemes. = 

Nease write, giving brief details of age, 
tidns and experience ta: Mrs E. Mw. 
Employment Services, The Boots Comp: 


Station Street, Nottingham NG2 3AA, : 











HNC. or ae Ei 
H.N.D. or an equivalent qualification, and will 






















AUSTRALIAN NUMERICAL METEOROLOGY 
RESEARCH CENTRE 


MELBOURNE, VICTORIA 
OFFICER-IN-CHARGE 


Applications are invited for the position of Officer-in-Charge. 


GENERAL: The Centre is a combined activity of the Department of Science 
and the Commonweaith Scientific and Industrial Research Organisation and is 
located within the Bureau of Meteorology premises in Melbourne. The main 
objective of the Centre is to conduct research into numerical methods for 
improving the accuracy and timescale of weather forecasting and for under- 
standing the global climate and its variations. It includes the interpretation 
and use of new forms of observational data. The Centre will effectively con- 
tinue the work of the Commonwealth Meteorology Research Centre which 
has been in existence for five years. During this period the CMRC has worked 
on schemes of numerical analysis for the Australian region and the southern 
hemisphere and on prognosis models of two types, grid-point and spectral, 
which are respectively in, and close to, operational use. General circulation 
models are currently being used to investigate relevant climatic mechanisms. 


DUTIES: The Officer-in-Charge will be appointed by CSIRO after consultation 
with the Secretary, Department of Science, and will be responsible for the 
direction of the scientific programme of the Centre and its administrative 
control. The Officer-in-Charge will be supported by about ten professional 
meteorologists from the Bureau of Meteorology, about ten research scientists 
from CSIRO, together with appropriate computer, programmer, administra- 
tive, and clerical support. 


SALARY: Appointment will be made within the salary ranges of Senior 
Principal Research Scientist or Chief Research Scientist Grade 1: $A19,319 to 
$A21,295. 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are available. 


Applications should state full personal and professional particulars and 
the names of at least three professional referees, and should reach:— 


The Chairman, 
Environmental Physics Research Laboratories, 
P.O. Box 77, MORDIALLOC, 
VICTORIA, AUSTRALIA, 3196 
by September 28, 1974 


They should include a full statement of the applicant’s experience and 
achievements in numerical meteorology or closely cognate fields, and his 
views ON present prospects and new orientations within the broad objective 
of the Centre. Intending applicants may obtain a copy of the formal agree- 
ment between the Department of Science and CSIRO, under which the 
Centre will operate, and other relevant material by writing to the above 
address. (957) 


THE UNIVERSITY OF THE WEST INDIES—-TRINIDAD 
EXECUTIVE DIRECTOR 


PROPOSED CARIBBEAN AGRICULTURAL RESEARCH AND 
DEVELOPMENT INSTITUTE 


Applications are invited for the post of Executive Director of the Caribbean Agricultural 
Research and Development Institute (C_A.R.D.£.) which is to be established by the 
member Governments of the Caribbean Community as the successor organisation to the 
Regional Reseagch Centre of the Faculty of Agriculture of the University of the West 
Indies. The Institute has been established to serve the research and development needs 
of the region and will have its headquarters at the St Augustine, Trinidad, campus of the 
University of the West Indies. 

Applicants should possess a good degree in agriculture or one of its related fields. A 
higher degree. though not essential, would be a distine: advantage. 

e person appointed will have had considerable experience in tropical agriculture or 
agricultural research and development and/or be an administrator of exceptionally high 
calibre. Experience with the region would be an advantage. 

The Executive Director will be responsible for the day to day control, management and 
administration of the Institute. 

The appointment will be on contract for five years in the first instance. Salary will be 
negotiable based on qualifications and experience, Other allowances are favable. A 
gratuity in leu of pension will be paid. Unfurnished accommodation will be provided at 
a cost of 10% of salary. Alternatively a housing allowance of @0°% salary will be paid 
in Heu of accommodation. Four weeks annual leave will be Wanted. Un to five full 
passages will be provided on appointment and on normal termination. 

The person appointed would be expected to assume duties as soon as possible and 
preferably by October, 1974. ° 

Applications giving full details of date of birth. marital status, qualifications and 
experience and the names and addressas of three referees should be sent by airmail by 
September 13. 1974 to the Secretary, University of the West Ingles, St Augustine, Trinidad, 
from whom further particulars can be obtained. e (6D 
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e ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


TECHNICIAN (Organic Chemist) 


required in the peptide chemistry section of the 
Endocrine Unit, to assist with jhe synthesis of 
biologically active peptides. Qualifications: Relevant: 
‘A’ Levels, ON.CC. or HNC. in chemistry. Starting 
salary and grade according to qualifications and 
experience. 


Applications to the Secretary. R.P M S.. Hame 
mersmith Hospital, Du Cane Road, London W12 
OHS, quoting ref. no. 2/322N, (926) 


THE UNIVERSITY OF ADELAIDE 
invites applications for appointment as 
LECTURER IN 
ANATOMOY AND HISTOLOGY 


A medical qualification registrable in South 
Australia is desirable but not essential. The appoint- 
ment wil be made as soon as the person concerned 
is able to assume duty. 


The Department of Anatomy and Histology 
teaches University students of Medicine, Dentistry 
and Science, and in addition Physiotherapy and 
Occupational Therapy students of the South Aus- 
trahan Institute of Technology. Research fields are 
neurvpendrocinology, human and comparative 
neurology, cell biology, experimental embryology, 
and ¢linical anatomy. Persons with an interest in 
clinical anatomy or gross anatomy are especially 
invited to apply. 


Salary Scale: $49,002 by $4479(4) by $A478(3) 
to $A12,352 (plus a loading for registrable medica! 
Qualifications at the rate of $A833 a yearn with 
superannuation provision. 


Further Information, including list of particulars 
required in an application, is available from the 
Registrar of the University or from the Secretary- 
General, Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF., 


Applications should reach the Registrar, G.P.O, 
Box 498, Adelaide, South Australia 3001. not later 
than Septernber 16, 1974. (929) 





UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG, SOUTH AFRICA 
SENIOR LECTURER/LECTURER 
IN PLANT TAXONOMY 

Applications are invited for appointment to the 
above post in the Department of Botany and 


Microbiology. Duties are to be assumed on January 
1. 1975 or as soon as possible thereafter. 





Reference will be given to those interested in 
modern systematics (chemosystematics, numerical 
Systematics or experimental biosystematics), but 
with a training in clasiscal taxonomy. 

Salary will be in the following ranges: 


Senior Lecturer R7,245 to R9,345, 
Lecturer R5,520 to R7,935 


The initial salary to be determined according to 
Qualifications and experience. Benefits include an 
annual bonus, pension and medical aid facilities. 
and a housing subsidy, if eligible. 


Intending applicants should obtain the informa- 
tion sheet relating to this post from the Registrar, 
University of the Witwatersrand, Jan Smuts Avenue. 
Johannesburg, South Africa, with whom applica- 
tions should be lodged not later than September 27, 
1974. U.K. applicants may obtain the information 
shect from the London Representative, University 
of the Witwatersrand, 278 High Holborn, London, 
W.C.1 to whom a copy of the application should 
be sent. {945} 


a ett arrestee there 





ROYAL HOLLOWAY COLLEGE 
(University of London) 
EGHAM HILL, EGHAM, SURREY 
LECTURER IN ZOOLOGY 


Lecturer required in the field of Invertebrate 
Zoology from January 1, 1975. Entomology is the 
preferred speciwitv but other fields of terrestrial 
Invertebrate Zoology are not excluled. Interest in 
quantitative biology an advantage. Salary up ta 
£9412 plus F.S.S°U. Further details from the 
Personnel Officer (N). Applications (6 copies please) 
including a curriculum vitae and the names and 
addresses of 2 referees should reach her by 
September 16, 1974. (944) 
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A TROBE UNIVERSITY 

MELBOURNE, AUSTRALIA 

LECTU RESHIP/SENIOR 

- LECTURESHIP IN 
MICROBIOLOGY 

(ONE OR TWO POSITIONS) 


of microbiglogy, but there is a need for an apponi 
ment in Virology. Preference will be given io 
applicants who have research and teaching. ¢x- 
perience, yo. RS 

The Department of Microbiology is a new depart- 
ment inthe School of Biological Sciences and will 
offer a widely-based course in general microtiology 
leading to: BSc. ordinary and honours. degrees. 
Teaching will commence in March 1975 with. an 
introductory course in microbiology given to second- 
year science students. Informal enquiries about the 
proposed. development of the department can be 
sent to the Chairman of the Department, Prafessor 

S.. Waid, whose address until the closing date 
is Department of Botany, University of Canterbury, 
Christchurch, New Zealand. 


Salary: Senior Lecturer $412,641) by SAHNA 
by S$A4i6. to $A14,724: Lecturer $A9,002(4) by 
$A479(3) by $478 to $A12,352, -s 


Further information and application formis arë 
available from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OF or from the Registrar, La Trobe 
University, Bundoora, Victoria, Australia 3083. 


Applications close on October 14, 1974. (9433 





ahd eerste crete een 


RESEARCH TECHNICIAN (Grade 4) 
required by Department of Anatomy. To assist in 
Research Studies on Brain Structure and Central 
Nervous. System. Experience in Electron Microscopy 
or Neurohistological techniques essential. H N.C. 
or equivalent qualification. Salary within seale 
£1,848 to £2,163 plus £228 London Weighting plus 
Threshold. Application form from Personne! Officer. 
(Technical Staff FB24), University College London, 
Gower Street, London WELE 6BT. (942) 





University of New South Wales 


WOLLONGONG UNIVERSITY 
COLLEGE 
TO BECOME THE 
UNIVERSITY OF WOLLONGONG 
ae JANUARY 1, 1975 


LECTURER IN BIOLOGY 


Flexibility in the imitial academic structure of the 
Department of Biology will cnable applications to 
be considered from persons competent in the area 
af Energy Metabolism. The appointee would share 
responsibility for an instructional unit in Enegey 
Metabolism and in the development of the Biology 
course as a whole, i 

Further information may be obtained from The 
Professor Elect, Assoc. Professor A. D. Brown 
School of Microbiology, University of NS. W. 
P.O. Box 1, Kensington, N.S.W. 2033, Australia. 


T a et salary according to qualifications 
and experience, within the range %A9.002 te 
$A 12,352. eee eee Tee 


Applications close October 4. 1974. 
Conditions of appointment and application 
procedure from Association of Commonwealth 


Universities (Appts) 36 Gordon Square i 
WCIH OPF, i AR ‘oe 





satiated emtemmnalan dacnene eeoaaeoae teeter 
n ed 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 
RESEARCH ASSOCIATE 


Applications are invited for a ‘Research Associate- 
stip in the Applied Nuclear Science Group to 
undertake a theoretical investigation of the 
behaviour of neutrons in the brecder blankets of 
contralled thermo nuclear reactors. A teher degree 
and/or experience in neutron physics and comput- 
img are desirable, i 


- This three-year U.K.A EA. supported programme 
carries a salary on the Research Associate scale: 
-£1,758 to £2,412 (exceptionally £2,931) plus 
ESSU. and threshold payments. Initial pide- 
. ig according to uge and experience. ® 
oo Appications (3 copies), naming 3 referees, should 
c submitted to the Assistant Reyistear(S) P.O. 
» 363 Birmingham BIS ITT by September 27, 
Please quote ref. NP4. {963} 













Candidates should have experience in any field : 








































INFORMATION 





Central Research is the organisation responsible for all research - 
in Pfizer, At Sandwich, Kent, over 450 staff are engaged in 
research and development of compounds for use in human = 
medicinal and veterinary fields, | ca 


We now require to increase the staff in our Research information 
Services department by appointing a young graduate. Ideally the 
man or woman we need will have two or three years’ experience 
in information work and the possession of an M.Sc. (Information 
Science), postgraduate Diploma in Information Science, or an 
equivalent qualification would be an added advantage. 


The person appointed will be involved in the development and 
maintenance of information resources, including the exploitation 
of computer-based information systems. He/she will work in 
yery close collaboration with research project teams. 

Our conditions of employment include flexible working hours, 
assistance with relocation expenses where appropriate and free 
pension and death benefit schemes. 


Applications, giving brief details of age and experience, 
should be addressed to: 
D. W. Sells, 

Personnel Manager, 
Central Research, 
Pfizer Limited, 
Sandwich, Kent. 





Wellcome 


The Wellcome Foundation Limited, requires an Entomologist at their 
Research Laboratories at Berkhamsted Hill, preferably having 
postgraduate experience in economic entomology and in the biological 
testing of insecticides. Requirements include an ability to work in a 
team and to develop initiative in applying knowledge to laboratory and 
field practice in the U.K. and overseas. 


We offer excellent conditions of employment, including help with 
re-location expenses where necessary, and real career prospects. Our 
laboratories are modern and well equipped, situated in pleasant 
countryside close to Berkhamsted, which is a small country town about 
35 minutes from Euston, London. EE 
if you “re interested please write or telephone for an application form 
quoting reference pA 62 to: : 
R. P. Woolridge, Senior Personnel Officer, 
The Wellcome Foundation Limited, 


Rayens Lane, Berkhamsted, Herts HP4 2DY. | _ 2 
Tel: Berkhamsted 3333. ae : 
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THE NATIONAL RADIOLOGICAL 
PROTECTION BOARD 


ARE SEEKING A 


SCIE 


NTIST 


OR 


BIOLOGY DEPARTMENT 
RESEARCH AND DEVELOPMENT DIVISION 


The successful applicant will assist senior scientists in the solution of a 
wide variety of problems in theoretical dosimetry and epidemiology. 


The work currently being undertaken includes the interpretation of 
biological experiments, the calculation of doses from internally incorporated 
radionuclides, the assessment of doses received from occupational exposure, 
and the interpretation of epidemiological data. Good computer facilities are 


available. 


Candidates should possess a first or upper second class degree in 
mathematics, physics or a biological science coupled with experience in 


computation. 


Salary on the scale £1,705 to £2,865 per annum. 
Write or telephone for further information and an application form to: 


The Personnel Officer (Ref. A.57), 
National Radiological Protection Board, 


Harwell, 
Didcot, 
Oxfordshire OXI ORQ. 


Telephone: Rowstock (023-583) 600 Extn. 216. 


Closing date for applications October 4, 1974. 


(960) 





FELLOWSHIPS AND STUDENTSHIPS 


ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
PADDINGTON, LONDON W2 IPG 


Applications are invited from candidates 
with an Honours Degree in Chemistry, Bio- 
chemistry, Pharmacology or related discipline 
wishing to work for a Ph.D. degree, for a 
Studentship to work on the metabolic fate of 
artificial sweetening agents, Apply, with curri- 
culum vitae and names of two referees to 
Professor R. T. Williams, Department of 
Biochemistry. (898) 








SENIOR LEC 


SEGRE 


appointment. 









_. “UNIVERSITY OF CAPE TOWN 
“TURESHIP IN ENVIRONMENTAL STUDIES 


Appli ations are “invited “far ‘the newly created post of Senior Lecturer io Environmental 





UNIVERSITY OF HULL 
DEPARTMENT OF PLANT BIOLOGY 


Applications are invited for the post of Post- 
doctoral Fellow in Plant Biochemistry, to work 
with Dr D. R. Threffall on the biosynthesis of 
isoprengid guinones and chromanols. 


The post is financed by the S.R.C. and is tenable 
for one year from October 1, 1974, or as soon 
as possible thereafter. 


Salary (excluding threshold payments) will be on 
the scale £2,226 by £114 to £2,340 by £72 to £2,412, 
plus F.S.S_U_ benefits. 

Applications (three copies) giving details of age, 
qualifications and experience together with the 
names of two referees should be sent by September 
16, 1974 to the Registrar. The University of Hull 
HU6 FRX from whom further particulars may be 
obtained. (922: 









m (932) 
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WNIVERSITY OF DUNDEE 


DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 


RESEARCH STUDENTSHIP 
Applications are invited fore one MRC, 
Studentship for training in research methods. 
The studentship, which is tenable for up to 
three years, can be taken up on October 1 
1974 or as soon as possible thereafter, The 
training programme involves studies of the 
effect of drugs on cerebral histamine meta- 
bolism. The Department, which is located in 
the new Ninewells Hospital and Medical 
School, is fully equipped for these studies. 
The successful applicant may register for a 
higher degree and will receive a stipend in 
accordance with the rates for M.R.C. 
students, 


Applicants, who should have a frst or 
upper second class honours degree or equiva- 
lent in pharmacy, pharmacology, biochemistry 
or related subject, should write to Professor 
J. Crooks, Department of Pharmacology and 
Therapeutics, Ninewells Hospital, Dundee, 
DD? IUD, giving their qualifications and 
the names of two referees. The closing date 
for applications is September 14, 1974. 

(935) 





LIVERPOOL POLYTECHNIC 
SCHOOL OF PHARMACY 
S.R.C. STUDENTSHIP IN 
MECHANICAL CHEMISTRY 


Applications are invited from candidates with a 
good honours degree in Pharmacy or Chemistry, 
or Grad. RLC. to work for a Ph.D. degree on 
the project “4-phenylpiperidine derivatives as 
potential non-addicting analgesics". The work will 
involve organic synthesis and stereochemical studies. 

The project is a CASE, award and the co- 
operating body is Allen and Hanburys Lid., usual 
S.R.C. stipend applies which may be supplemented 
by payment for teaching duties and income during 
the industrial period. 

Enquiries to: A. F. Casey, D.Sc., FLPS. School 
of Pharmamcy, Byrom Street 1.3 JAF. (889) 





mae 


UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 


The National Environment Research Council is 
prepared this year to offer to a suitable candidate 
a Studentship tenable at the University of Notting- 
ham School of Agriculture, The value of the 
N.E.R.C. awards in 1974 will normally be £880 per 
annum, 

Candidates should have first or upper second class 
honours degrees. The field of research will be Seed 
Production of Amenity Grasses. 

Applications, marked ‘Agriculture’ and giving the 
names and addresses of two referees, should be 
sent to the Secretary, University of Nottingham 
School of Agricukture, Sutton Bonington, Lough- 
borough LER SRD within two weeks of the 
appearance of this advertisement, (940) 





THE QUEEN’S UNIVERSITY 
OF BELFAST 
FACULTY OF AGRICULTURE AND 
FOOD SCIENCE 


RICHARDSONS ULSTER 
STUDENTSHIP 
PLANT NUTRITION /PLANT 
BIOCHEMISTRY 


Applications are invited for the above 
studentship from graduates in Science or 
Agriculture. Preference will he given ta 
applicants of Northern Ireland parentage. The 
holder will undertake research work into 
biochemical aspects of plant growth and 
Nutrition and will be required to register for 
a higher degree of the University. The De- 
partment of Agricultural and Food Chemistry 
is housed in new, well-equipped laboratories 
on the southern outskirts of Belfast. 

The studentship is tenable up to three vears 

and its value will be £780 in the first year 
and £800 in the final two years. An allowance 
of £250 to £300 per annum will be available 
for approved cxpenses. 
e Candidates should apply in writing, includ- 
img a curriculum vitae, to the Dean of the 
Faculty of Agriculture and Food Science, 
Queen's University, Newforge Lane, Belfast 
BY9 5PX. (913) 
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Imperial College 


Postgraduate Studentship 
and Postdoctoral 
Assistantship in Cancer 
Chemistry 


Applications are invited for a 
Postgraduate Studentship and a. 
Doctoral Assistantship for a new pro- 
ject sponsored by the Ministry of 
Agriculture. The work concerns 
Physical and Organic Chemical 
aspects of the Interaction of Nitrites: 
and Nitrates with Foodstuffs, parti- 
cularly in the Digestive Tract. 





The postgraduate studentship pro- 
vides equivalent remuneration to an 
S.R.C. award (£695 per annum-—at.. 
present under review), although 
students who are normally ineligible 
for an S.R.C. or M.R.C. grant will 
be considered. The candidate is ex- 
pected to register for a higher degree. 


The postdoctoral assistantship 
(Salary £2,118 per annum and £213 
per annum London Allowance (under 
review) plus F.S.S.U.) is tenable for 
up to three years with the usual salary 
increments. Threshold payments at 
the authorised rate apply to this post. 


Applications with curriculum vitae 
and the names of two referees should 
be sent as soon as possible to: Dr 
B. C. Challis. Department of Chem- 
istry, Imperial College, London 
SW7 2AY. (902) 


AUSTRALIAN NATIONAL 
a UNIVERSITY 
5 Applications are invited for appointment to the 
following: 
RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


PROFESSORIAL FELLOWSHIP 
DEPARTMENT OF NEUROBIOLOGY 


The Department (Head: Professor G. A. 
Horridge) has an active programme of research in 
the neural basis of behaviour and perception in 
lower animals, mainly insects and crustacea. Appli- 
cants should be capable of a strong research pro- 
gramme in an aspect of neurobiology which is 
either complementary or supplementary to the 
present interests, which include: (a) mechanisms of 
arthropod vision; (b) growth and regeneration oft 
insect nerves; (c) control of movement in crusta- 
ceans: (d) biochemistry of insect neurons; (e) insect 
sound production and hearing: (f) establishment of 
connections between nerve cells. 


The University is looking for a man with an 
ambitious project who finds himscif restricted by 
lack of assistance, research time or equipment. 
Vertebrate neurobiology is not excluded. The posi- 
tion is tenured, with opportunity to train graduate 
students, 


Closing date: September 21, 1974. 
Salary: Salary for a = Professorial Fellow is 


SAIS.131 p.a. Current exchange rates are approxi 
mately $Ai; 67np; $US1.49. 


Other Condition: Tenure: 
retiring age (65 years), 


Professorial Fellow to 


Reasonable travel expenses are paid and assist- 
ance with housing is provided for an appointee 
mon outside Canberra. Superannuation is on the 

SAU, pattern with supplementary benefits. 


“The University reserves the right not to make an 
appointment of to make an appointment by invita- 
tion at any time. o 


, Prospective applicants should apply to the Asso- 
ciation of Commonwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, for further 
before applying. l (899) 








UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap- 


pointment: 


SENIOR TEACHING FELLOW IN 
PHYSICAL AND INORGANIC 
CHEMISTRY 


The Senior Teaching Fellow, who should have 
completed a Ph.D. degree, will devote about half 
his time to teaching and the other half to research. 
He will be responsible for the supervising arrange- 
ments for some undergraduate practical courses and 
will initiate new course developments; he will be 
encouraged to undertake research with one of the 
existing research groups in the Department, which 
has good modern facilities. A document detailing 
research interests within the Department and 
describing undergraduate class arrangements is 
available on request (September 13, 1974). 


Salary Scale: Senior Teaching Fellow $A7,545 by 
SAZIN) by $A291(3) to $A9,002, with super- 
annuation provision. 


Further particulars about this post and the con- 
ditions of appointment and other informaton sought 
will be supplied on request to the Registrar of the 
University, or to the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square. London WCIH OPF. 


Applications should be sent in duplicate and 
giving the information listed in the Statement that 
will be supplied, to the Registrar, The University 
of Adelaide. North Terrace, Adelaide, South 
Australia, SOO!. (894) 


THE POLYTECHNIC OF 
CENTRAL LONDON 


SCHOOL OF ENGINEERING AND 
SCIENCE 


BIO-ORGANIC RESEARCH 
GROUP 


RESEARCH FELLOW 


£2,151 to £2,331 


invited immed- 
lately for the above post which is 
sponsored by EURATOM for work 
on mutation in Aspergillus nidulans 
and its relationship in microdosi- 
metric studies. Candidates should have 
or expect to obtain a Ph.D. in Gen- 
etics or Radiobiology. 


Applications are 


Application including a curriculum. 
vitae and the names of two academic 
referees should be sent to The 
Establishment Officer, PCL, 309 
Regent Street, London WIR BAL. | 
01-580 2020 Ext 212, (956) | 


UNIVERSITY OF LIVERPOOL | 
DEPARTMENT OF BOTANY 
S.R.C./C.AS.E. RESEARCH 
STUDENTSHIP 


Applications are invited from graduates with a 
first or upper second class Honours degree in 
Botany, Biochemistry or other relevant subject for 


one S.R.C./C.A.S.E. Research Studentship, tenable 


1974. 

The research topic concerns th 
analysis in assessing the purity 
important Brassica seeds, 


from October I, 
of commercially 


Applications, together with details of academic 
background and names of two referees should be 
received not later than September 20, 1974, by 


“Unilever Research Laboratory, Colworth E 


- Studentship for research into: 








use of isoenzyme 


ment may be : 
Commonwealth pe ab idee A 








UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 

DEPARTMENT OF BIOCHEMISTRY 

S.R.C. C.A.S.E. STUDENTSHIP 


Applications are invited from graduates who hi 
Honours Degrees in Chemistry, Biochemist 
Biology or related subjects at the First or. Uppe! 
Second Level, and from those who hope to hav 
such qualifications by October 1974, for a C.A.S.E 
Studentship concerned with research into > ste 
ester metabolism in mammialian skin. This- will 
carried out mainly at the University of Nottin 
and in part at the Environmental Safety Di sh 


Bedford, and should lead to a higher Degrees 


Research will entail a study of sterol ester 
metabolism in relation to other Hpids - 
with particular emphasis on prostaglandins 
will also involve fractionation of mammalian” z 
into its constituent components and cell- types, 
subcellular fractionation of skin, and the effect of. 
ried laa change upon sterol ester metabolism 
in skin ; 


Further details and application forms mi 
obtained from Professor J. M., Hawthorne, De 
ment of Biochemistry, The Medical Schoo E 
University of Nottingham, Nottingham NG? 2RI 


UNIVERSITY OF 
MANCHESTER, MEDICAL 
SCHOOL 


RESEARCH ASSOCIATE/ — 
FELLOW 


for two years to join team workiag 
on immunological changes in col 
nective tissue disease and immune 
deficiency. The work will be cons 
cerned either with variations in 
lymphocyte function and the: effect 
of treatment, including immun 

therapy on this, or with the part 
played by immunoglobulins in inflam: 
matory joint disease. He. Ss 


Excellent facilities in a newly ests 
lished and equipped la y: 

on usual scales. according A a 
experience, > 

<. Enquiries to: Dr L.. Holt 
d School, Stopford | Bulldin 
Rod, 1 Manchester 13. 








-QUEEN ELIZABETH H COLLEG 
= (University of London) — 


i _CAMPDEN HILL ROAD W8 TAH 
CHEMISTRY DEPARTMENT 


"kopiatik are invited: for an SRC. g 





of natural gas mixtures: There 
labotation with the London Research _ 
the - ‘British Gas Corporation, ne Oe 


Further details may be. obtained f 
ed | Be das 


NEW V ZEALAND 














FELLOWSHIP DOCT | 
CIVIL ENGINEERING © 


‘Applications are invited for the abovementi 
Fellowship. Applicants should possess a PhD; 
equivalent degree, preferably followed by si 
research experience. 


. Fields within which the. Fellowship may 


are; . Fluid Mechanics; Highway Engi 
i Materials aieeipnain Soil _Mechani 










but with. the possibility "3 


Further particulars, atd Cor f 
obtained from othe 





the Registrar, The University, P.O. ox 147, Liver: ..: E. =z qt 


peel L69 3BX. Qypte ref. RV/N/276195.. _ (946: 





referees to Dr H 
a Biochemistry, UVES of Birmingham, Birming- 
ham Bis 2 . 





Research in Radiation Damage 
Applications are invited from recent 
honours graduates (preferably in Physics or 
Physical Chemistry} for a` RESEARCH 
STUDBENTSHIP leading to Ph.D. The pro 
ject envisaged concerns experimental and 
theoretica: studies of energy deposition by 
heavy charged particles in sold, hauid and 
gaseous lissnue-like media and will form an 
important part of the general departmental 
studies Inte radiation damage by ncutrons. 
Interested individuals should apply, as 
soon as possible, giving the names of two 
referees, to Professor J, H, Martin, Departe 
ment of Medical Biophysics. The University, 
Dundee DDI 4HN, from whom further 
detalls can be obtained. (948) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL FELLOWSHIP 


Research Fellow with experience in protein 
‘ie nucicic acid metabolism is required for a three- 
Vear project Gn the posi-transecriptional control of 
_ protein synthesis in eukarvotic cells. 


a Salary in the range of £2,118 to £2.412 plus 
FUS.S.U, and threshold payment. 


Enquiries and applications with the names of two 


Klemperer, Department 


gee The: 
} inevitable | 
tien to Nature restricts 


aders to. a circulation or library copy of 

| _ the journal; these readers unfortunately do _ 

Pes aot enjoy the privilege of a personal copy — 
ead at leisure and to keep for future 


. to read 


ip such people 
offer (for 


mo nths S for 


within the terms ar bed < on 1 the coupon 
etthatfortheti 
can only be made to people with 


attached Weregr 
offer 
ade eses m the U.K. 


withdrawn on 31st October 1974. 


; periment 
nope to be 
over a wider area. 






DEPARTMENT OF MEDICAL BIOPHYSICS 





(8913 


| appreciate that the 
| igh c cost of an annual subscrip- 


e we arl 
a sites peed) 


me being this is my personal address. 
and that it will be NAME =~ 
ADDRESS 
: is successful, we r ie 
able to repeat it and extend it POSTAL CODE i 






LECTURES AND COURSES 








THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 
LECTURE COURSE ON 
DUST EXPLOSIONS 
A course of lectures af postgraduate status, 
arranged by Professor J. H. Burgoyne and dealing 
with the theory and practice of dust explosions 
and methods of protection ayainse them, will be 

given from Movember 4.6, 1974, 


Further details may be obtained from The Secre- 
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this Journal 















tary of the Chemistry Department, The City 
University, St John Street, London ECIV 4PB. when 
(91i) 
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FOR SALE AND WANTED advertisements 






| Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Road, 

ar 4 Folkestone, Kent, England. 


i) 





Fel: Folkestone 57421. 


PERSONAL REDUCED RATE 
SUBSCRIPTION ORDER FORM 

(Valid only if completed before 31st October, 1974) 
R. Alexander, 

P. & R. Department, 

Macmillan Journals Limited, 


4 Little Essex Street, 
London WC2R 3LF 


many regular 


DATE 


Please enter me for a year's subscription to 
NATURE starting with the issue nearest to the 
date of this coupon. 

| enclose my personal cheque for £15. Cheques 
should be made payable to Macmillan Journals 
Limited. 


The address to which | wish the journal posted 


; twelve 
15 on 





Registered No: 785998 England. Registered Office: 4 Little Essex St. Lendon WOER 3LF 
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HARLES C THOMAS + PUBLISHER 


COPHYSICS: The Application of Physics to Ecology by 
ames Paul Wesley, Univ. of Missouri, Rolla. This book 
contains original research on selected problems in ecological 
physics. The field of ecology is assumed here to cover a 
oad range of topics, particularly, any area of research 
saling with life as it naturally occurs and which does not 
volve any detailed internal examination of individual 
organisms. The book presents a brief review of thermody- 
1 amics and considers the strategy of how to optimize the 
ilization of a source of energy realistically at a finite rate. 
author defines life physically, thereby permitting an 
analysis of the thermodynamic role of life in the ecosphere, 
_and surveys all possible sources of energy since life needs to 
_ degrade high utility energy to low utility energy to survive. 
“He explores the stability of the carbon cycle in the 
-ecosphere yielding damped periodic oscillations following 
any perturbation. He discusses the territorial origin of 
human conflict and defines motivation in terms of normal 
ecological roles as predicted by a theoretical structure based 
upon the energy needs of the individual. The application of 
_ the rigorous concepts of physics to ecology has entailed the 
introduction of certain special definitions and basic new 
ideas which are presented here for the first time. Written 
_ primarily for physicists and mathematicians interested in 
_ theoretical ecology, this text should also interest ecologists, 
iologists, environmentalists and exobiologists with some 
ackground in mathematics and physics. °74, 368 pp., 39 
., 8 tables, cloth-$19.75, paper-$ 13.75 














UMAN AND ECOLOGIC EFFECTS OF NUCLEAR 
OWER PLANTS. Edited by Leonard A. Sagan, Palo Alto 
edical Clinic, Palo Alto, California. Introduction by Rolf 
- Eliassen. (15 Contributors) There is a widespread need and 
public desire to better understand nuclear power and its 

consequences. Reactor technology and its ecologic effects 

often exceed the detailed understanding of many experts. 
Compounding this difficulty, the interested layman is also 
_ faced with inaccessible and fragmented literature. Although 
the book is directed toward an exposition of human and 
“ecologic effects, the first section details reactor design and 
engineering. Such material is necessarily included since 
_ many readers will be unfamiliar with reactor design and 
_ should have available some understanding of reactors, their 
operation amd methods of generating and releasing radio- 
activity. Public attention has been focused on nuclear 
power because of the concern for the environment which 
_ has suffered from past and present technology. Contamina- 
tion of air and water with reactor-produced radioactivity 
has aroused fears of radiation hazards to both persons and 
the environment. The mood of the public has generated the 
desire for wider participation in decision making and the 
-loss of faith in those institutions to which these decisions 
` have traditionally been delegated. This book is meant to 
serve both as a comprehensive introduction for the inter- 
ested layman and as a useful reference for the technicab 
re pert. 74, 560 pp. {7x 10), 138 il., 86 tables, $34.50 
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Physicists generally agree that one 
should not postulate a force in order to- 
explain a phenomenon that would 
occur even without such a force. One 
of our physicists has now shown that 
the big bang theory is a case in point. 
Writing in Foundations of Physics, 
A. D. Allen demonstrates that the 
uniform velocity of galaxies m- 
unbounded space will cause the cosmos 
to evolve naturally into an expanding 
universe. If you want to get a bang out 
of cosmology, drop us a line and we'll 


send you a copy of Allen’s paper. 







INC O RPORATED 


17114 Devonshire Street, 
: Northridge, 
California 91324, USA 
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Genetic Control of Insect Pests e 
G. Davidson a 
August 1974, x+158 pp., £4.00/$10.25  0.12.200850.2 ‘ 


This is the first book to consider, together, all the genetic methods for ERE insect ; pest 
agricultural, veterinary and medical importance, which have so far been developed to the poin 
practical application. As such it will be of the greatest interest to entomologists working 
these fields, to doctors, concerned with preventive medicine and to biologists and those with, 
more general interest in entomology and genetics. = = F 
. ; contents i 

Introduction. The principles and dynamics involved in the sterile insect technique. ‘Stesilize 
by irradiation. Chemosterilants. Hybrid sterility. Gytoplasmic incompatibility. Transiocatigns: O 
methods of genetic control. Summary and conclusion. References. Subject index.. Ei. 





British Acoustical Society Special Volume No. 2 


The Vibration Syndrome L 


Proceedings of a Conference on the Medical, Engineering and isga Aspects of Hand-Arm Vib : 
= tion, at the University of Dundee, July 1972 : 


edited by W: Taylor 
August 1974, xii-+ 226 pp., £6.00/$15.50 0.12. 684760. 6 


The Vibration Syndrome contains papers, given at a conference at the University o 
1972, which present recent clinical and vibration studies, related mainly to the prol 
hand-held vibratory tools. This conference was inter-disciplinary and- involved ph 
engineers as well as members of the medical and legal professions. 
; One of the main aims of the conference was to correlate the physical parameters of the | 
with the resulting VWF. From this data it was hoped të develop a Vibration Standard 
. would limit ihe damaging effects of hand-held vibratory tools in the future, 


Introduction to Particle Production in H adron 


S. Humble 
August 1974, viii+ 254 pp., £6.80/$17.50 0.12.361450.3 


This volume introduces the important and rapidly growing field of particle prod 
ranging from low energy single particle production to high energy many particie 

work, which will function jointly as an introductory text, reference guide and crit jew i 
recent advances, is the first in a popular subject, as yet not adequately covered by other book: 
its value will be appreciated by graduate students and research workers in theoretical and exper 
mental physics, and also applied mathematicians and high energy physicists. 


The Structure of Mitochondria 
£. A. Munn 
August 1974, xiv+466 pp., £9.80/$25.50 0. 12.510150.3 


The aim of this book is to provide a general survey of the structure of mitochondria from the leve 
of resolution achieved by light microscopists down to. the 2.45A, achieved by X-ray crystallo, 
graphers. The greatest emphasis, however, is placed on the results of electron microscopy and i 
the correlation of the results of the structural studies made while using biochemical and biophy i 
cal techniques. 
This is the first book to deal with a topic which, because of the fundamental importance ot 
mitochondria, is of enormous interest to biologisis and yet has not been reviewed in its ue 
for three years. 
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A NATO Advanced Study Institute 
Phenomenology of Particles at High Energies 


Proceedings of the Fourteenth Session of the Scottish Universities Summer School in Physics , q 
edited by R. L. Crawford and R. Jennings | _ 


° August 1974, xii +744 pp.. £18.20/$47.25 0.12.197150.3 


This volume presents the latest trends in high energy physics in a didactic fashion. The subject ot 
the School was the phenomenology of particles at high energies: this was chosen as being pare 
ticularly timely in view of the new and exciting data flowing from the CERN Intersecting Storage 
Rings and NAL (Batavia, USA), and in view of the very considerable developments in phenomeno-. 
logical theory for high energy processes. The papers were given by innovators in the field and 
contain new material, as well as reviews of recent developments oe difficult to gather from the. 
literature. | 
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